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Abstract
Robotic colonoscopes could potentially provide a comfortable, less painful and 
safer alternative to standard colonoscopy. Recent exciting developments in this 
field are pushing the boundaries to what is possible in the future. This article 
provides a comprehensive review of the current work in robotic colonoscopes 
including self-propelled, steerable and disposable endoscopes that could be 
alternatives to standard colonoscopy. We discuss the advantages and disad-
vantages of these systems currently in development and highlight the technical 
readiness of each system to help the reader understand where and when such 
systems may be available for routine clinical use and get an idea of where and in 
which situation they can best be deployed.

Key Words: Robot-enhanced procedures; Colonoscopy; Endoscopy; Capsule endoscopy; 
Colorectal cancer; Colonic polyp

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Colorectal cancer is a common cause of cancer related mortality. Detection 
and removal of precancerous polyps reduces the risk of colorectal cancer. Colonoscopy 
is the gold standard investigation for colorectal polyps and cancer but can be 
uncomfortable due to the mechanics of the procedure. Robotics has the potential to 
reduce the discomfort and improve the procedure for patients, while improving key 
performance indicators. Robotics can offer a more intuitive endoscopic appearance, 
using various methods to negotiate the colon to reduce discomfort. Robotics could lead 
to a more effective, better tolerated, safer, autonomous colonoscopy with minimal 
operator interaction.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i35.5093
mailto:c.r.winters@leeds.ac.uk


Winters C et al. Robotic colonoscopy review article

WJG https://www.wjgnet.com 5094 September 21, 2022 Volume 28 Issue 35

Citation: Winters C, Subramanian V, Valdastri P. Robotic, self-propelled, self-steerable, and disposable 
colonoscopes: Reality or pipe dream? A state of the art review. World J Gastroenterol 2022; 28(35): 5093-5110
URL: https://www.wjgnet.com/1007-9327/full/v28/i35/5093.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i35.5093

INTRODUCTION
Colorectal cancer incidence
Colorectal cancer (CRC) is the third most diagnosed cancer and the second most common cause of 
cancer related mortality worldwide[1]. Many countries, particularly those with a high human 
development index (HDI), continue to see an increasing incidence[2]. Rapid increases in the incidence of 
CRC can be seen in countries transitioning from medium to high HDI[2]. Although CRC aetiology is 
heterogeneous, the majority are sporadic, and the increasing incidence has been attributed to the 
western lifestyle and increasing levels of obesity[3].

The majority of CRCs have a detectable precursor lesion, a colonic polyp, which can be present for 
many years before cancer develops[4]. Endoscopic resection of colonic polyps has been shown to reduce 
cancer related mortality by up to 53%[5]. More and more countries are utilising screening programmes 
to control the increasing incidence of CRC. Screening programmes vary in nature and often utilise faecal 
testing such as faecal immunochemical testing (FIT). However, colonoscopy remains the gold standard 
for diagnosing and removing colonic polyps. Colonoscopy is also utilised in many polyp, colitis, and 
hereditary CRC surveillance programmes[6-9].

Despite the recommendations for colonoscopy as a diagnostic, screening, or surveillance tool, it is 
often underutilised. Delays in colonoscopy following a positive FIT has been shown to increase the 
likelihood of finding advanced adenomas, CRC, and advanced CRC[10]. A meta-analysis looking at 
second evaluation after a positive faecal occult blood test found that only 72.5% underwent a second 
evaluation in the form of any lower gastrointestinal investigation[11]. Additionally, a recent interna-
tional survey of FIT screening programmes found that only 79% of those with a positive FIT underwent 
a colonoscopy[12]. Studies from Lee et al[13] and Zorzi et al[14] suggest the risk of CRC related mortality 
is double in those with a positive FIT who refuse colonoscopy than those who undergo a colonoscopy
[13,14].

The reason for a lack of follow-up investigation may be the decision of a healthcare worker, for 
example due to co-morbidity. However, approximately 10% of those with a positive faecal blood test 
that are not followed up are due to patient refusal to have a colonoscopy[15]. Alternative tests such as 
computed tomography colonography (CTC) and colon capsule are available, and their merits will be 
discussed in future sections. Several qualitative studies have been done exploring the barriers and 
facilitators to colonoscopy. Although the barriers are numerous, complex, and interrelated, previous 
bad experiences of colonoscopy and fear of pain or discomfort are commonly cited[15-17].

History of colonoscopy
The first descriptions of an endoscope came from Bozzini in 1805 which he called the Lichtleiter (light 
conductor)[18,19]. Several rigid endoscopes were subsequently invented, but it was over a century 
before Wolfe and Schindler developed the semi-rigid gastroscope which paved the way for our 
endoscopes of today[20]. The evolution of the modern endoscope gained speed in the 1950s when 
Hirschowitz and Curtiss developed the fibreoptic endoscope[21]. A flexible endoscope was developed 
in Japan to assess of the lower GI tract, the first colonoscope, and by the late 1960s Shinya introduced 
therapeutics by performing the first polypectomy[21,22]. The charged couple device (CCD) was 
developed and in the 1980s the videoendoscope was born. Since then, the optics have been the mainstay 
of research focus and endoscope advancements. We have ever evolving improvements in the optics 
such as high definition, magnification, and an increasing range of image enhancement virtual 
chromoendoscopy options. And although the technique by which we perform colonoscopy has been 
refined, reducing risk and discomfort, we still push and torque a semirigid tube from the distal end to 
advance around the colon. The introduction of electromagnetic guidance, such as ScopeGuide 
(ScopeGuide Endoscope Insertion Tube System, Olympus America, Inc., Allentown, PA), allowed 
further refinement of the technique. However, it was not until the 1990s, with advances in robotics, that 
the potential for a new way to perform colonoscopy was explored.

Robots in endoscopy
Following Food and Drug Administration (FDA) approval in 2000 of robotic surgical master-slave 
platforms such as da Vinci and Zeus, there has been an upsurge in interest in robotic endoscopic 
devices. Figure 1 shows the increasing number of robotic colonoscopy articles on PubMed[23]. Robotic 
colonoscopy has potential benefits over conventional colonoscopy (CC) for the patient as well as the 
endoscopist and service provider. Robotics in colonoscopy is not only limited to diagnostic procedures, 

https://www.wjgnet.com/1007-9327/full/v28/i35/5093.htm
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Figure 1 PubMed search for “robotic colonoscopy” showing the increasing number of papers over the last 3 decades[23]. 

the additional dexterity and triangulation offered by many robotic platforms has great potential in 
therapeutic procedures such as endoscopic submucosal dissection (ESD).

Recent advances in robotics and miniaturisation, as well as the evolving nature of artificial intel-
ligence (AI) in endoscopy, make this the perfect time to explore robotic colonoscopy. The expanding use 
of surgical robotic platforms should make patients and endoscopists more accepting of these new 
technologies in endoscopy. The potential for teleoperated endoscopes to facilitate “medical distancing” 
is also a concept of increasing interest given the current severe acute respiratory syndrome coronavirus 
2 global pandemic.

For robotics to be accepted in endoscopy they must not only offer the same role as CC, but more. The 
ideal robotic colonoscope should fulfil several criteria as listed in Table 1.

POTENTIAL BENEFITS OF ROBOTIC COLONOSCOPY OVER CC
Patients
Much work in robotic colonoscopy is aimed at delivering a less painful and lower risk endoscopic 
procedure by reducing the forces on the colonic mucosa and tethering structures. The principal method 
of reducing this discomfort is through altering the actuation method. Many devices have taken 
inspiration from nature through biomimicry, for example inchworm or snake like movements. Others 
use external actuation, such as magnets to pull the device through the colon. A lower discomfort 
procedure also offers the potential for less anaesthetic/sedative use, further lowering the risk of 
colonoscopy[24]. Miniaturisation, and particularly capsule endoscopy, have the potential to offer a less 
invasive, less embarrassing, and more convenient option for patients. Some devices may even be 
provided in a community setting, negating the need to travel to hospital. Although incomplete 
colonoscopy rates have improved over the last few decades, there remain a number of patients who 
require a second procedure. Robotics has the potential to reduce the number of failed procedures by 
improving caecal intubation rates (CIRs).

Endoscopists
Training in both the diagnostic and therapeutic aspects of colonoscopy take considerable time[25,26]. 
Robotics has the potential to make colonoscopy training easier through more intuitive controls, 
autonomous features and the increased dexterity offered by many platforms. Less loop formation and 
lower discomfort rates could translate into improved completion rates. The improvement in manoeuv-
rability could reduce polyp miss rates and potential post-colonoscopy CRCs. Robotics has the potential 
to ‘democratise’ colonoscopy, reducing the variability in polyp detection rates by improving the 
detection rates of less well performing endoscopists. Many platforms are aiming to improve the 
ergonomics of colonoscopy in an attempt to reduce fatigue and endoscopy related musculoskeletal 
injuries[27,28].

Service providers
Our forebearers in surgical robotics have yet to provide any clear answers as to the cost effectiveness of 
robotic procedures. The initial purchase costs are often high, but the cost benefit thereafter is unclear 
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Table 1 The features of the ideal robotic colonoscope

No. Ideal robotic colonoscope features

1 Affordable

2 Acceptable to patients and endoscopists

3 More comfortable than conventional colonoscopy

4 Lower risk than conventional colonoscopy

5 Improved caecal intubation rate compared to conventional colonoscopy

6 Offer at least comparable mucosal visibility with the option of image enhancement (virtual chromoendoscopy)

7 Capable of taking biopsies and therapeutics such as polypectomy

8 Offer integration with artificial intelligence for polyp detection and characterisation

9 Ideally have autonomous features, such as self-navigation

10 Reduce the training time to achieve competence compared to conventional colonoscopy

11 Procedure times should be less than, but must not be significantly longer than, conventional colonoscopy

12 Have sustainability in mind in the manufacturing, reprocessing or disposal of the device

and variable between procedures[29-32]. The Endotics robotic colonoscope, discussed in detail later, 
claims to offer a cost neutral alternative to standard colonoscopy[33]. Although few robotic colono-
scopes are at a technology readiness level (TRL) to perform health economics studies, we will aim to 
discuss several potential benefits to service providers.

Unsedated procedures offer cost and efficiency saving benefits through utilisation of less anaesthetic 
and recovery staff, as well as a quicker turnaround within the department. There is an increasing 
demand on endoscopy services caused by an aging population, increasing environmental and 
behavioural risk factors, and ever increasing screening and surveillance populations[34]. The addition of 
the recent pandemic associated service provision issues and enhanced infection control and prevention 
measures are stretching endoscopy departments to their limit[35]. The ideal robotic colonoscope to ease 
these pressures would require less staff and be quicker, pain-free, teleoperated, mobile and have 
therapeutic capabilities. A single use device would negate the cost associated with reprocessing, as well 
as potentially reducing cross contamination[36]. Improvements in sustainability may also be achieved 
using single use devices which reduce the need for carbon- and water-heavy reprocessing facilities.

AVAILABLE ALTERNATIVES TO COLONOSCOPY
Alternative procedures to assess the colon are required if a patient refuses or is unfit for a colonoscopy, 
or in the event of an incomplete colonoscopy. There are a number of alternatives to CC, most commonly 
CTC and colon capsule endoscopy (CCE). The advantages and limitations of these commonly used 
alternatives are shown in Table 2.

CTC, until the recent adoption of CCE, was the most commonly used alternative to colonoscopy. CTC 
has a similar sensitivity to colonoscopy for the detection of large (> 10 mm) polyps and CRC[37,38]. CTC 
is better tolerated than CC and over half of patients have an additional pathology detected on the scan
[37,39]. However, approximately 30% of CTC patients require further investigation, often in the form of 
a colonoscopy to remove polyps[38]. CTC is significantly less sensitive than colonoscopy for detection of 
small polyps and flat lesions such as sessile serrated lesions[40].

CCE is better tolerated than CC[41]. A recent meta-analysis showed that when compared with CC, 
CCE had a sensitivity and specificity of 87% and 88% respectively, for detection of polyps ≥ 6 mm[42]. 
However, a large retrospective study by Benech et al[43], showed that 19% of CCEs had a missed 
advanced adenoma when they underwent a further procedure[43]. When comparing CTC to CCE, 
Spada et al[44] compared 100 patients with an incomplete colonoscopy and found a relative sensitivity 
of 2.0 in favour of CCE for identifying polyps ≥ 6 mm[44]. The recently published TOPAZ study also 
suggested CCE was superior to CTC for the detection of polyps ≥ 6 mm and non-inferior for polyps ≥ 10 
mm[45]. However, some inherent biases and flaws in methodology of the TOPAZ study have been 
pointed out by Burr et al[46] which cast some doubt on the validity of these results[46]. A meta-analysis 
of CTC vs CCE in incomplete colonoscopies showed that CCE had superior diagnostic yields for all 
polyp sizes (37% vs 10%), but poorer completion rates (76% vs 98%)[47].

Magnetic resonance imaging techniques, magnetic resonance colonography (MRC), have also been 
evaluated as an alternative to CC. MRC has the benefits of being non-invasive and not carry the 
radiation risks associated with CTC. However, magnetic resonance imaging scanners can be claustro-
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Table 2 Advantages and limitations of conventional colonoscopy alternatives

Procedure Advantages Limitations

Conventional 
colonoscopy

Extensive knowledge base and expertise already available, 
diagnostic and therapeutic capabilities. Gold standard

Bowel cleansing required, painful for some (sedative and analgesics 
often required), prolonged training period required, risk of 
perforation due to forces required

CT colonography
[39,41,101]

Lower intensity bowel cleansing, shorter procedure, less 
discomfort (no sedation or analgesia needed), other intraab-
dominal pathology can be detected, lower risk of perforation, 
better patient tolerance

Low dose radiation used, lower sensitivity for small and flat 
polyps, no therapeutic capability, no direct mucosal visualisation, 
limited evidence of a benefit in CRC incidence or mortality

Wireless capsule 
colonoscopy

Minimally invasive, painless, better patient tolerability, low 
perforation risk

Aggressive bowel cleansing required, lower sensitivity than CC for 
polyps, no control of the capsule, no therapeutic capability, risk of 
capsule retention, limited battery life can cut out before complete 
colon visualisation

CRC: Colorectal cancer; CC: Conventional colonoscopy; CT: Computed tomography.

phobic for some and are very time consuming procedures. A meta-analysis in 2009 found the sensitivity 
of MRC for the detection of CRC was 100%, but was only 84% for polyps ≥ 10 mm[48]. A study in 30 
lynch syndrome patients who underwent tandem MRC then colonoscopy, found that MRC was unable 
to detect any lesions under 10 mm, including one missed cancer[49]. Another study of MRC in 
asymptomatic individuals found MRC and colonoscopy had sensitivities of 78.4% and 97.3%, 
respectively, for polyps ≥ 6 mm[50]. Although some meta-analysis suggest MRC has a good sensitivity 
for the detection of CRC, other meta-analysis suggest the sensitivity for detection of all lesions could be 
as low as 75%[51].

CHALLENGES FOR ROBOTIC COLONOSCOPY
As technologies advance, many of the technical challenges to robotic colonoscopy are being resolved. 
The deformable, slick surface of the colon and it’s many and varying orientations and bends make for a 
challenging environment and a multitude of solutions have been proposed by various research teams.

Locomotion
The first challenge for any robotic device is locomotion. Passive locomotion is adopted by most capsule 
endoscopes, in which the device passes through the gastrointestinal tract by natural peristalsis. 
However, the lack of control has the consequence of potentially missing lesions and rules out any 
therapeutic application.

Actively controlled robotic colonoscopes can be divided into internally and externally actuated 
devices. Internally actuated devices control propulsion by interacting directly with the surrounding 
environment by means of wheels, propellers, belts or bio-mimicked animal-like movements. Much 
inspiration for the locomotion of these devices has been taken from nature with many attempting to 
copy the movements of animals such as snakes, earthworms, or caterpillars, and some even mimicking 
the movement of micro cilia. These actuation principles are achieved using electromechanical or 
pneumatic mechanisms, or a combination of both. External actuation involved controlling the internal 
device by means of an external mechanism such as magnetic fields and field gradients. With external 
magnetic actuation comes the challenge of localisation of the endoscope within its environment.

Localisation
Localisation refers to the position and orientation (i.e., pose) of the device. Localisation can be relative or 
absolute. Relative localisation is a well-developed technology and is implemented in a number of 
wireless capsule endoscopes (WCE) giving an estimated position with respect to the anatomy. Absolute 
localisation gives an accurate position and orientation. Several proposed solutions have been invest-
igated in endoscopes including magnetic, ultrasound, radiofrequency and computer-vision technology. 
Many WCEs use radiofrequency localisation, current capsules have an error in position on average 38 
mm and up to 100 mm[52]. Magnetic localisation is gaining increasing academic interest, and can be 
combined with magnetic actuation. Magnetic localisation can perform a 6 degrees of freedom (DOF) 
localisation with an average error in position and orientation under 5 mm and 6 mm, respectively[53].

Miniaturisation
Miniaturisation is a challenge for all robotic colonoscopes, but is of particular importance in capsule 
endoscopy. A capsule endoscope contains several components: External case, optical window, light 
emitting diode (LED), lens, image sensor, radio frequency transmitter, antenna, and a power source. 
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Powering a capsule endoscope to allow for the variable colonic transit times requires a battery 
sufficiently large and often means adjusting the frames per seconds, and ultimately sensitivity, to 
preserve battery life. All this must then fit within a safe size for transit through the GI tract. Most 
capsule endoscopes are 11 mm in diameter and up to 32 mm in length with a battery life now exceeding 
10 h and often containing two cameras[34]. One proposed method to overcome the miniaturisation 
challenge is external actuation via magnetic coupling, reducing the size of the battery in capsules and 
the need for intricate mechanisms of locomotion. One such commercially available capsule endoscope 
which already takes advantage of magnetic coupling is the NaviCam (Ankon Technologies, Wuhan, 
Shanghai, China) for inspection of the upper gastrointestinal tract[54].

Patient tolerance
The goal for most robotic colonoscopes is to improve the patient experience. For most devices this takes 
the form of reducing discomfort and risk. Capsule endoscopes achieve this by causing no distortion to 
the GI tract during their passive transit. Actively controlled devices aim to traverse the colon retrograde 
while reducing distortion and pressure exerted, resulting in less pain. Potentially also reducing the risk 
of perforation associated with the forces often required to torque and push around the colon in CC. 
Various actuation methods aim to tackle this problem by rolling, walking, inching, slithering, or pulling 
with magnets along the colon.

Cost
Not many robotic colonoscopy devices have health economic studies assessing their financial impact. 
Even the colon capsule, which is now available as an alternative to CC in some health services such as 
the National Health Service in the United Kingdom, has yet to show any cost effectiveness benefit over 
CC[55].

Sustainability
Reprocessing presents a massive challenge in robotic colonoscopy due to the intricacy of some devices. 
Many researchers are pursuing the potential of single use devices. With over 18 million endoscopic 
procedure per year in the United States, endoscopy is the third highest generator of waste in healthcare. 
Endoscope reprocessing uses up to 100 L of water as well as the electricity, heat, disinfectants and 
detergents[56]. Single use endoscopes have the potential to avoid this carbon heavy process. Provided 
the disposal of the device does not incur a higher carbon footprint, single use robotic devices have the 
potential to present a greener option for colonoscopy.

Autonomy
Perhaps the most notable evidence of robotic autonomy in day-to-day life is in automotive vehicles 
which can park and even navigate with minimal external input. However, medical robotics is also 
seeing an evolution in autonomy. Standard colonoscopy is completely under the control of the 
endoscopist with no autonomy. The introduction of AI for polyp detection has moved endoscopy into 
the first level of autonomy by visually assisting the endoscopist. Robotic colonoscopes have the 
potential to push the levels of autonomy much further. Devices capable of autonomously navigating the 
colon are being researched. However, with such levels of autonomy come challenges such as ethical and 
legal considerations.

TRL
TRL assessment was introduced by NASA in the 1980 to replace the traditional research and 
development categories: Basic research, feasibility, development, and demonstration[57]. TRL provides 
an objective 9 stage assessment of how advanced a technology is towards adoption[58]. When 
discussing each device, we will attempt to give our objective assessment of the TRL of each device. The 
score assigned will range from 1 (basic principles of the technology observed and report) to 9 (proof of 
real-world successful use of the technology) as described in Table 3, and a score will be assigned to each 
device described alongside the device characteristics in Table 4.

ROBOTIC COLONOSCOPES
For the purpose of this review article a selection of the most advanced platforms will be discussed, 
dividing them into active flexible platforms, passive devices, robot assisted platforms and robotic 
platforms with therapeutic applications. A table offering additional detail on the devices, as well as 
several more devices, is available in Supplementary Table 1.

https://f6publishing.blob.core.windows.net/002384af-5a46-453d-994d-40c2d9498953/WJG-28-5093-supplementary-material.pdf
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Table 3 Technology readiness levels as applicable to robotic colonoscopy[57,102,103]

TRL Definition Supporting information relevant to robotic colonoscopy

1 Basic principles observed and reported Published research on the core principals of the technology

2 Technology concept and/or application formulated Moving from principals to applied research with potential 
applications speculated

3 Analytical and experimental proof of concept Active research and development proving the concept within a 
laboratory setting. Benchtop testing

4 Component validation in laboratory environment Proof of concept and safety in an ex-vivo animal colon

5 Component/system validation in a relevant environment In-vivo animal testing with an aim at providing relevant 
evidence for human testing or FDA approval

6 High fidelity alpha protype demonstration in a relevant 
environment

Clinical trials assessing feasibility and safety in small number 
of humans

7 Beta prototype demonstrated in a relevant environment Clinical safety and effectiveness trials. Determination of risks 
and adverse events. Final design validation

8 Completed system and qualified to relevant requirement/standards 
through testing and demonstration

FDA or equivalent approval

9 Actual system proven through successful operation Device being marked with post-market studies proving real 
world operational capability

Adopted from United States Department of Defense Technology Readiness Assessment (TRA) Guidance document, and the supporting evidence required 
from the United States Department of Defense Technology Readiness Assessment (TRA) Desk book. TRL: Technology readiness level; FDA: Food and 
Drug Administration.

Table 4 Active flexible colonoscopy platforms with technology readiness level

Device name (manufacturer) Latest study Outcomes TRL

Aer-O-Scope-GI View Ltd., Ramat Gan, Israel[21,
59-61,63,64] 

2016: Human tandem study, 58 CRC screening patients. 
CIR: 98.2%. CIT: 11 min. 87.5% of polyps detected. No 
PREMs

CE marked and FDA approved. 
Balloon propulsion model no 
longer manufactured

8

ColonoSight-Stryker GI Ltd., Haifa, Israel[65,66] 2008: Human study on 178 participants. CIR 90%. CIT: 11.2 
min. No PREMs

FDA approved. No longer 
manufactured

8

Consis medical-Beer’Sheva, Israel[21,67] None available No regulatory approvals 3

Endoculus-Department of Mechanical Engineering 
& Division of Gastroenterology, University of 
Colorado, United States[20]

2020: In-vivo and ex-vivo porcine colon in one. Unable to 
traverse an in-vivo colon, but capable of negotiating an ex-
vivo porcine colon

No regulatory approvals 4

ENDOO robotic colonoscope-Endoo Project, Pisa, 
Italy[87-89]

2020: Ex-vivo porcine colon human simulator study No regulatory approvals 4 

Endotics-ERA Endoscopy SRL, Peccioli, Italy[69-
74]

2020: Learning curve study of 57 participants. CIR and CIT 
improved to 100% and 22 min following a learning block. 
PREMs: Mild or no discomfort in most

CE marked and FDA approved. 
Commercially available in Europe 
and Japan

8 

Invendoscope-Invendo Medical GmbH, Weinheim, 
Germany (acquired by Ambu A/S, Copenhagen, 
Denmark in 2017)[21,77-79]

2018: Human study on 40 participants using the SC210 
model. CIR 95%. CIT 14.2 min. No PREMs on this study, but 
previous studies reported lower pain scores than CC

CE marked and FDA approved. 
No longer manufactured

8

Magnetic Flexible Endoscope-STORM lab, Leeds, 
United Kingdom & Nashville, TN, United States[4,
53,85,86,104]

2020: In-vivo porcine study. Clinical trial due 2022 No regulatory approvals 5

TRL: Technology readiness level; CIR: Caecal intubation rate; CIT: Caecal intubation time; FDA: Food and Drug Administration; CRC: Colorectal cancer; 
CC: Conventional colonoscopy; CE: Capsule endoscopy.

Active flexible colonoscopy platforms
Aer-O-Scope: The Aer-O-Scope (GI View Ltd., Ramat Gan, Israel) is a single use flexible colonoscope 
that uses a CO2 propulsion system to self-advance through the colon. With a 200o field of view offered 
by two cameras it aims to offer better visibility behind folds while reducing discomfort. The device 
works by inflating two polyurethane balloons (Figure 2), the first balloon is inflated at the rectum to 
create a seal, a second balloon which pulsates and has a hydrophilic coating to reduce friction is inflated 
proximal to the first. Using the seal between the balloons, CO2 is inflated, and the pneumatic force 
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Figure 2 Aer-O-Scope (GI View Ltd., Ramat Gan, Israel). A: Single use colonoscope scanner; B: Workstation. Citation: Images supplied directly by the 
manufacturer with email detailing permission to use attached as a text file.

propels the proximal balloon forward. To protect the colon, the system controls the pressure so it does 
not exceed 60 mbar[59]. The most recent version of the device is equipped with two working channels to 
allow therapeutics[21]. Tip control is achieved using a hand-held controller. Once in the caecum, the 
pressures are reversed to propel the proximal balloon back towards the rectum while maintaining 
colonic distension for visibility.

Safety of this novel propulsion method was first demonstrated in 20 pigs in 2006 were only minor 
petechiae and no adverse events were noted[60]. That study was quickly followed by a clinical trial in 
the same year on 12 healthy young adults[61]. In this study 10 out of 12 procedures were completed to 
the caecum with the other two stopping at the hepatic flexure. In both these cases CC was also unable to 
progress beyond the hepatic flexure due to redundant colon in one and pain in the other. Caecal 
intubation occurred in an average of 14 min for the 10 completed. Two subjects requested analgesia, 
while the other 10 had a non-sedated procedure. Mild localised submucosal petechial lesions, thought to 
be related to balloon friction, were noted on 4 of the follow-up conventional colonoscopies. No other 
clinically significant adverse events were reported.

A further prospective, non-randomised clinic trial was published in 2016 on 58 CRC screening 
patients who underwent tandem colonoscopies with the Aer-O-Scope followed by CC[59]. Caecal 
intubation was achieved in 98.2% (94.4% in the training cohort and 100% in the study cohort). The Aer-
O-Scope detected 87.5% of the polyps found by CC, and 100% of those ≥ 5 mm. Caecal intubation was 
achieved in a mean of 11 min. No mucosal damage or adverse events were reported. Patients were 
sedated and no patient related experience measures have been reported on.

A prospective clinical trial using the Aer-O-Scope completed recruitment on clinicaltrial.gov in 
November 2021 but the results have not yet been published at the time of writing and are likely to be for 
a newer model of the colonoscope[62]. The Aer-O-Scope is CE marked and received FDA approval in 
2016[63]. GI View Ltd no longer produce the self-propelled version of the Aer-O-Scope, instead opting 
to use the technology on a new version which is a single use robotic colonoscope without the balloon 
self-propulsion[64].

Following correspondence with GI View Ltd, they felt the advances in colonoscopy technique, with 
improved CIRs and within shorter times, limited the need for a self-propelled device. Instead, they are 
choosing to concentrate on a single use colonoscope with a larger lens aimed at improved polyp 
detection, while maintaining similar controls to reduce the need for new training.

ColonoSight: ColonoSight (Stryker GI Ltd., Haifa, Israel) is a self-advancing system composed of a 
reusable colonoscope (EndoSight) covered by a single use plastic sleeve (ColonoSleeve). The Colono-
Sleeve is a multi-lumen sheath that is inflated with air and progressively unfolds to propel the device 
through the colonic lumen. The IntraPull force that insufflates the air for propulsion is controlled using 
a foot pedal. The other controls resemble those of a standard colonoscope using a wheel and pully 
angulation control system. Push, pull and torque can also be used, similar to standard colonoscopy. On 
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reaching the caecum, air insufflation is directed toward the tip, insufflating and reversing the pressure. 
A CCD camera with an LED is used to capture image, eliminating the need for fibre optics. The device 
contains a working channel for therapeutic tools. The outer surface, tip and channels of the endoscope 
are single use, therefore negating the need for reprocessing of the reusable EndoSight component[65].

Shike et al[65] describe that the operation and safety of the instrument was first tested on animals (12 
pigs and 7 sheep) with a mean progression into the colon of 80 cm. In-vitro dye and culture studies as 
well as in-vivo culture testing confirmed the integrity of the disposable sleeve to protect against bacterial 
transfer. A clinical trial published in 2008 included 178 participants achieved a 90% CIR in a mean caecal 
intubation time (CIT) of 11.2 min. The CIR in the final 50 participants was 94%, suggesting a possible 
learning curve effect. 40 participants underwent polypectomy, with biopsies and argon plasma 
coagulation was also performed. No immediate complications were noted, and no complications were 
reported at a two week follow-up telephone call. Participants received intravenous sedation and no 
patient experience measures are reported on. Physicians reported the IntraPull helped progress the 
device[65]. The ColonoSight Model 510B received FDA approval in 2004[66]. Stryker GI Ltd acquired 
Sightline Technologies Ltd, the original manufacturer, in 2006 and the device is no longer 
manufactured. The reason for discontinuation is not clear, but Stryker GI Ltd have focused on laparo-
scopic endoscopic equipment rather than colonoscopes, so they may not have had the infrastructure to 
market a new colonoscope or they may have chosen to integrate the technology into laparoscopic 
equipment.

Consis medical: Consis medical (Beer’Sheva, Israel) have developed a semi-disposable, single use 
colonoscope that self-propels along the colon by means of an inverted sleeve pressurised with water. 
The head of the device can be removed and sterilised at the end of the procedure, with the sleeve 
cartridge being disposable[67]. The reusable head contains a camera, light source, steering system and 
water/air nozzle. Human colon simulation and animal tests were due to take place in 2018 but no 
published results are yet available[21].

Endoculus: Endoculus (University of Colorado, United States) is a multi-DOF fixed tether single use 
robotic capsule endoscope. Locomotion is via two independently controlled motor drives with micro-
pillared treads, offering 2-DOF skid steering. Via a fixed tether the Endoculus contains channels for 
insufflation and irrigation, and a working channel for introduction of endoscopic instruments. The tip of 
the capsule contains a complementary metal-oxide-semiconductor (CMOS) camera and an adjustable 
LED. The fixed tether is narrow in diameter and very flexible, however the motorised tip is larger than a 
standard colonoscope at 6.0 cm × 3.0 cm × 2.3 cm. The research team feel the device could be made 
smaller with advanced manufacturing techniques[68].

In-vivo testing was carried out in a porcine colon. The device was inserted manually to 10 cm but was 
then unable to negotiate the sigmoid colon. The research team postulated that this was due to friction 
from the narrow sigmoid colon in a pig on the non-tread sides of the device. Ex-vivo testing on a porcine 
colon was subsequently conducted on a 40 cm mid colon section. The Endoculus was capable of 
negotiating the ex-vivo colon at speeds up to 40 mm/s both in an insufflated 6 cm diameter colon and 
also in a collapsed lumen[68].

Endotics: Endotics (ERA Endoscopy SRL, Peccioli, Italy) is an FDA and CE marked biomimicking 
colonoscope on sale in Europe and Japan[69]. The electropneumatic system uses proximal and distal 
clamps to attach to the colon wall and in a semi-autonomous process of extension and retraction of the 
shaft between the clamps it progresses along the colon in an inchworm fashion. Image is captured via an 
integrated CMOS camera lit by an LED light source. The device has a 3 mm working channel, 
insufflation and suction, and is single use. A 180o steerable head is controlled using a handheld control 
unit[70].

In-vitro studies reported in 2009 showed the Endotics E-worm system reduced the pressure on 
sensors around a pig colon by 90% compared to CC. An in-vivo animal study showed no complication of 
the clamping system at follow-up colonoscopy 7 d later[71]. In a pilot tandem study of 40 patients in 
2009 the Endotics system only managed to achieve a CIR of 27.5% with mean CIT of 57 minutes, 
compared to a CIR of 82.5% for CC. The patient experience for the Endotics system was reported to be 
much better with average pain and discomfort scores of 0.9 and 1.1 out of 10, compared to 6.9 and 6.8 
for CC[71].

A second tandem human study on 71 participants was published by Tumino et al[72] in 2010 aimed at 
assessing the Endotics ability to detect polyps. The CIR was 81.6% for the Endotics system and 94.3% for 
CC, with mean CIT 45.1 (± 18.5) min compared to 23.7 (± 7.2) min, respectively. None of the participants 
required sedation for the Endotics procedure, with 14/71 asking for sedation during the subsequent CC 
procedure. The Endotics system showed a sensitivity of 93.3% for the detection of polyps, detecting 
14/15 polyps seen on CC. 6/71 (8.4%) of participants reported mild adverse events (nausea, headache, 
abdominal pain and discomfort) which the authors say, due to the tandem nature of the study, couldn’t 
be distinguished from bowel cleansing or CC related adverse events[72].

A retrospective analysis of 5 years of Endotics examination in a single centre in Italy reported on 102 
procedures performed due to incomplete CC. The Endotics system was able to complete a colonoscopy 
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in 95/102 (93.1%) of these patients. Mean CIT was 51 (± 22.5) min[73]. A learning curve study from 
Trecca et al[74] in 2020 presents two blocks of 27 and 28 participants. The CIR improved from 92.7% to 
100% and the CIT from 55 to 22 min between the first and second block. The polyp detection rate and 
adenoma detection rate was 40% and 26.7%, respectively. The procedure was reported as mild or no 
distress in most cases with 92.7% willing to have a repeat Endotics procedure[74].

Endotics have performed a health economics study comparing Endotic robotic colonoscopy to 
standard colonoscopy in the Italian healthcare system and found the robotic colonoscopy to be 
comparable in price to standard colonoscopy, €441.25 vs €426.25, respectively[33].

Invendoscope
The Invendoscope (Invendo Medical GmbH, Weinheim, Germany) has a number of models with several 
CE and FDA approvals[75,76]. The single use computer-assisted device is propelled through the colon 
by an inverted sleeve driven by 8 wheels (Figure 3). The wheels grip the inside of the inverted sleeve to 
move forward and backwards. Control is via a handheld joystick. The tip of the colonoscope is 
robotically assisted and can be defected up to 180o, is equipped with three LEDs and a CMOS vision 
chip with an 114o field of view. Standard colonoscope functions such as insufflation, suction and 
irrigation are available, as well as a 3.2 mm working channel.

Animal testing using the SC20 model on the in-vivo small bowel of 5 pigs showed the device could be 
inserted through 3 small bowel loops and there was no mucosal damage found on microscopic 
pathological examination[77]. In a clinical trial of the SC40 model published in 2008, using two varying 
length prototypes in 34 participants, CIRs of 79% and 90% were achieved. CITs were 26 min and 20 min. 
The shorter of the two prototypes had a lower CIR, longer procedure time and more pain and bloating. 
Five cases had to be excluded due to instrument defects. Two of the failures to achieve caecal intubation 
were due to pain. Overall, the participants gave a mean acceptance rating of 1.96 (range 1-6). No 
immediate or delayed complications were reported[77].

A clinical trial on the Invendo SC20 model published by Groth et al[78] in 2011 found a CIR of 98.4% 
in 61 volunteers. Median CIT was 15 min and only 3/61 (4.9%) requested sedation. There were 32 
polypectomies and no device-related complications reported. Water instillation was used in half of the 
cases to aid progression. Endoscope malfunctions were experienced in 2 cases. Post-procedure pain and 
discomfort scores were 1.6 and 2.3 out of 6, respectively[78].

Invendo Medical GmbH was acquired by Ambu in 2017 and the SC40 inverted sleeve wheel driven 
prototype has been replaced by the SC200 and then the SC210 which are manually inserted single use 
devices utilising robotic tip controls[21].

Only a conference abstract could be found on the Invendo SC210 model. In this clinical trial 40 
participants underwent colonoscopy with the SC210, CIR was 95% with a median CIT of 14.2 min. Most 
patients (35/40) received propofol sedation. Twelve patients had polypectomies performed. There were 
3 complaints of abdominal pain post-procedure and one self-limiting haemorrhage from the sigmoid 
colon, but no major complications[79].

The SC210 model no longer has any robotic locomotion, with the only robotics left being tip 
deflection, making it predominantly a single use colonoscope. Since the acquisition by Ambu, the 
Invendoscope is no longer on the market. Following correspondence with Ambu, the long scope length 
(220 cm) required for the self-propelled version made it difficult to control looping. Physicians also 
reportedly found it difficult to transition to the robotic tip control of the SC210 so Ambu have decided to 
focus on conventional control mechanisms.

Robotic capsule colonoscope
A European FP6 project called “Versatile Endoscopic Capsule for GI TumOr Recognition and therapy” 
(VECTOR project) was tasked to explore magnetic capsule endoscopy from 2006 to 2011. One of the 
outputs of the project was a magnetically controlled capsule for colonoscopy. A 13.5 mm × 29.5 mm 
endoscopic capsule containing 6 LEDs and a CCD camera capable of 550 × 582 pixel resolution and a 
120o field of view was designed. The capsule also contained 3 permanent magnets and a triaxial 
magnetic sensor to monitor the magnetic link. Power and transmission to and from the capsule was 
achieved via a 2 mm cable. The capsule was controlled using an external permanent magnet fixed to a 
robotic arm end effector which was found to offer more precision than manual control[80]. The robotic 
arm has 6 DOF and an additional 7th DOF was added at the end effector-magnet connection. The capsule 
trajectory is controlled by means of controlling the robotic arm and the magnetic attraction between the 
external and internal magnets pulls the capsule along the colon. The initial version of the device was not 
able to insufflate the colon, so a Foley catheter had to be passed rectally to insufflate[81].

A benchtop study of the magnetic capsule colonoscope was undertaken, including 11 endoscopist 
and 11 trainees, who performed the robotic capsule colonoscopy and CC on an ex-vivo porcine colon 
used to simulate a human colon. All 22 participants were able to complete the procedure using both the 
robotic capsule and conventional colonoscope. Pins inserted in the phantom colon were found with a 
mean accuracy of 80.9% (± 11.0%) in the robotic capsule procedures and 85.8% (± 9.9%) in the CC 
procedures[81].
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Figure 3 Invendoscope SC20 (Invendo Medical GmbH, Weinheim, Germany). A: Workstation; B: Drive unit; C: Deflectable tip; D: Working channel. 
Citation: Groth S, Rex DK, Rösch T, Hoepffner N. High cecal intubation rates with a new computer-assisted colonoscope: a feasibility study. Am J Gastroenterol 
2011; 106: 1075-1080. Copyright© The Authors 2020. Published by Creative Commons Attribution-NonCommercial-No Derivative Works 3.0 License.

The next prototype from the same team of researchers, named the Magnetic Air Capsule, included a 
soft multi-lumen tether to allow insufflation, washing, suctioning, lens cleaning and a working channel 
for passing therapeutic tools. Ex-vivo testing on a porcine colon within a human phantom model was 
undertaken using 12 participants and all participants were able to complete an 85 cm phantom 
colonoscopy, with 85% (± 11%) of the beads found. In-vivo porcine testing proved the device was 
capable of traversing an average distance of 800 (± 40) mm in an average of 900 (± 195) seconds[82].

The VECTOR project team were also able to explore several other aspects of robotic colonoscope 
design. Experiments exploring the human robot interface were conducted and teleoperated (remote 
control) was found to be more reliable than a human/robot cooperative haptic control using a 
torque/force sensor[83].

Following on from the VECTOR project, some of the research team have gone on to develop the 
technologies further in the ENDOO magnetic colonoscope and the magnetic flexible endoscope (MFE).

MFE
The MFE research team (STORM lab, Leeds, United Kingdom and Nashville, TN, United States) has 
developed the soft tether capsule colonoscope technology further (Figure 4). Advancements in the 
localisation and real time pose estimation allow closed loop control of the endoscope. Closed loop 
control allows the user to steer the endoscope based on what they see from the video feed rather than 
controlling movement of the robotic arm and attempting to translate that into the movement desired of 
the endoscope tip[53,84]. Further developments have allowed the capsule to levitate in the colon lumen 
rather than skimming along the mucosal surface. Autonomous navigation and autonomous retroflexion 
have been demonstrated in porcine studies[4,85]. Laboratory based learning curve studies and task load 
assessments suggest a quicker learning curve than with CC and a lower perceived workload[86]. In-vivo 
porcine studies have not demonstrated any safety concerns and even novice user were able to navigate 
the device 85 cm into a pig colon[84]. The platform is currently undergoing final pre-clinical steps in 
preparation for first-in-human trials.

ENDOO
The ENDOO project (Pisa, Italy) was a European H2020 project between 2015 and 2019 that also 
designed a magnetically actuated soft tether robot. A permanent magnet in the capsular tip of the 
endoscope is pulled through the colon using closed loop interaction with an external permanent magnet 
on an industrial anthropomorphic robotic arm[87,88]. The capsular tip has two 1080p CMOS cameras to 
allow stereoscopic, 3-dimensional, views. Four LEDs offer white light illumination, and 4 ultraviolet 
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Figure 4 Magnetic flexible endoscope (STORM lab, Leeds, United Kingdom and Nashville, TN, United States).

LEDs allow narrow band imaging. The 160 cm soft tether carries 4 channels, including a 3.7 mm 
working channel, providing suction, irrigation, lens cleaning and insufflation. The soft tether also 
integrates nylon cables to allow variable stiffness of the shaft.

Ex-vivo testing using a porcine colon in a human abdomen simulator compared key functionalities, 
forces generated, simulated polyp detection and usability when compared to CC in 10 expert 
endoscopists and 5 trainees. The forces generated by the robotic colonoscope were significantly less than 
those generated by CC, with cumulative interaction forces of 16.5N for CC and 1.67N for the robotic 
colonoscope. The robotic colonoscope was able to complete the procedure 67% of the time with a 
comparable polyp detection rate to CC[89].

PASSIVE COLONOSCOPY
Passive colonoscopes are capsule devices designed to assess the colon with movement through the 
gastrointestinal tract passively via natural peristalsis. There is now a commercially available colon 
capsule endoscope, the PillcamTM COLON2 (Given Imaging, Yokneam Illit, Israel). Researchers have 
also been exploring the addition of further robotics within capsular devices in an attempt to overcome 
some of their disadvantages. Advances in miniaturisation, image capture and batteries have allowed 
researchers the space within the small confines of a safe capsule size to add further robotics. A full 
review of these devices is beyond the scope of this review but have been done in detail by Manfredi[90] 
and Slawinski et al[91].

ROBOT ASSISTED FLEXIBLE ENDOSCOPY PLATFORMS
The previously described robotic platforms aim to provide an alternative to CC. However, some 
researchers have been developing platforms to assist with some of the challenges of performing CC by 
adapting the current colonoscope. Adding robotic controls to existing endoscopes could improve the 
ergonomics and assist with the difficult learning curve associated with colonoscopy.

The Endodrive (ECE Medical Products, Erlangen, Germany) is a platform using a rotating engine and 
foot pedal to control shaft insertion. Rotation and tip control is still required[92]. Rozeboom et al[93] 
present a robotic-assisted flexible colonoscope that uses an add-on to the handle of the colonoscope that 
convert the wheel control mechanism into a robotic joystick control. CIR using Rozeboom’s device was 
68%[93]. Robotic steering and automated lumen centralisation (RS-ALC, Enschede, Netherlands) is 
another platform which uses joystick control of an add-on to the endoscope handle with the addition of 
lumen centralisation software. A study of novices and experts on a colon simulation model found that 
novices had a faster CIT and polyp detection rate with the RS-ALC than CC. The opposite was found of 
experts, who found CC better[94]. The master–slave endoscopic operation robot (EOR; Kyushu Institute 
of Technology, Kitakyushu, Japan) which is in its third iteration, added on therapeutic tools. The EOR 
version 3 uses a rotary motor, rotating handle, torque sensor and mini joystick which allows haptic 
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feedback and 4 axis movement. An ex-vivo colon phantom study using 8 endoscopists performed 48 
colonoscopies with a CIR of 100% and CIT of 118.5 (± 89.4) seconds[69].

ROBOTIC FLEXIBLE ENDOSCOPES WITH THERAPEUTIC APPLICATIONS
Advances in the therapeutic capabilities of gastrointestinal endoscopy and the evolution of natural 
orifice transluminal endoscopy (NOTES) have led researchers to look to robotics to enhance the 
dexterity offered by our endoscopes. A number of systems have been developed that claim to offer 
greater triangulation, dexterity and DOF to improve our ability to perform procedures such as ESD, 
third space endoscopy and NOTES. Examples include Endoluminal Assistant for Surgical Endoscopy 
(EASE; KARL STORZ/IRCAD, Strasbourg, France) (Figure 5), K-FLEX (EasyEndo Surgical, Daejeon, 
Korea) and the MASTER (EndoMASTER Pte, Singapore)[95-97]. A detailed review of these devices is 
beyond the scope of this review article but has been done by Lim[98].

CONCLUSION
Endoscopy is an expanding speciality with colonoscopy demand rising by at least 5% per year[99,100]. 
Yet a significant number of people decline to undergo colonoscopy due to several factors including pain 
and previous bad experiences[16,17]. Robotics has the potential to provide an alternative to CC. 
However, the ideal robotic platform must be affordable; versatile and capable of performing precise 
movements while maintaining patient comfort. The potential for robotics to improve the dexterity of an 
endoscope in the ever-expanding field of therapeutic endoscopy is also worth consideration and likely 
to be something we will see in the future. Researchers developing new medical devices must keep 
sustainability in mind. And with a global pandemic in the forefronts of everyone’s minds, the potential 
for robotics to provide a ‘medically distanced’ procedure will be appealing to many.

AI has not been covered in this review article but is likely to be integrated in robotic colonoscopes. AI 
in endoscopy has many facets, including image assistance for lesion detection or characterisation, but 
also integrates closely with robotics in the form of autonomous movement/navigation. Although for 
many this seems like science fiction and not yet requiring discussion, the technology is available. The 
MFE device can autonomously navigate a pig colon.

However, advances in AI and increasingly autonomous tasks introduce a number a challenges. 
Regulatory, ethical and legal uncertainty is likely to take time to overcome, hindering commercial-
isation. Integration is therefore likely to be slow, with a gradual increase in the autonomy of devices 
despite the technology being available for further autonomy.

The technology to allow a completely autonomous colonoscopy, including diagnostics, with an 
endoscopist only required on a supervisory capacity is not so far away. Autonomous robotic 
colonoscopy has the potential to increased capacity with fewer operators required to perform more 
procedures. Endoscopists could potentially be trained much quicker. Robotics has the potential to raise 
the standard of procedures, democratising colonoscopy, thus reducing post-colonoscopy CRCs, 
reducing complications and improving the colonoscopy experience for patients.

Some of the devices discussed have reached TRLs of 8 and gained FDA or CE marking, however few 
have yet been adopted enough to perform post-marketing studies or health economics studies. 
Although, the Endotics health economics study has shown promising result, health economics studies in 
other areas of robotic healthcare, such as surgery, have been fraught with conflicting results.

Several of the discussed robotic colonoscopes have been modified, removing some of the robotics and 
opting to pursue the single use colonoscope market. It is probable that the improvements in endoscopy 
technique have put off commercialisation for the purpose of improved caecal intubation. However, 
much of the need for these devices is to improve patient experience, which now seems to be the focus of 
many research teams. What may seem like more intuitive controls will still be different to the standard 
endoscope controls experienced endoscopists have grown used to. Resistance to change is going to be a 
challenge for all new devices.

These technologies are often expensive initially, but the cost should not be confused with the 
potential cost effectiveness of a test which is more acceptable, with the subsequent reduction in 
morbidity and mortality. Technological advances are happening at an exponential rate and although 
none of the device to date have challenged the dominance of CC, it is probable that one will in the very 
near future.
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Figure 5 Endoluminal assistant for surgical endoscopy (EASE; KARL STORZ/IRCAD, Strasbourg, France). A: Flexible tip with antagonistic 
tendons with tools attached; B: Slave unit. Citation: Permission for use and images provided directly by the lab who developed the device. Email confirmation 
attached as a text file.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) has emerged as the most common cause 
of chronic liver disorder worldwide. It represents a spectrum that includes a 
continuum of different clinical entities ranging from simple steatosis to non-
alcoholic steatohepatitis, which can evolve to cirrhosis and in some cases to 
hepatocellular carcinoma, ultimately leading to liver failure. The pathogenesis of 
NAFLD and the mechanisms underlying its progression to more pathological 
stages are not completely understood. Besides genetic factors, evidence indicates 
that epigenetic mechanisms occurring in response to environmental stimuli also 
contribute to the disease risk. Noncoding RNAs (ncRNAs), including microRNAs, 
long noncoding RNAs, and circular RNAs, are one of the epigenetic factors that 
play key regulatory roles in the development of NAFLD. As the field of ncRNAs 
is rapidly evolving, the present review aims to explore the current state of 
knowledge on the roles of these RNA species in the pathogenesis of NAFLD, 
highlight relevant mechanisms by which some ncRNAs can modulate regulatory 
networks implicated in NAFLD, and discuss key challenges and future directions 
facing current research in the hopes of developing ncRNAs as next-generation 
non-invasive diagnostics and therapies in NAFLD and subsequent progression to 
hepatocellular carcinoma.

Key Words: MicroRNAs; Nonalcoholic fatty liver disease; Steatohepatitis; Noncoding 
RNAs; Circular RNAs; Biomarker
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Core Tip: Nonalcoholic fatty liver disease (NAFLD) covers a spectrum of hepatic pathologies, ranging 
from simple steatosis to nonalcoholic steatohepatitis, all of which can evolve to cirrhosis and in some 
cases to hepatocellular carcinoma. There are now indications that noncoding RNAs (ncRNAs), a 
component of epigenetic mechanisms, contribute to the pathogenesis of NAFLD and may serve as 
potential prognostic and diagnostic biomarkers. However, little is known about the role of these RNA 
species in NAFLD and its progressive forms. This paper discusses the current state of research on the role 
of most clinically relevant ncRNAs in the pathogenesis of NAFLD.

Citation: Zaiou M. Noncoding RNAs as additional mediators of epigenetic regulation in nonalcoholic fatty liver 
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) has emerged as a liver disorder with an increasing prevalence 
but unclear etiology. The disease covers a wide spectrum of histologic lesions, ranging from simple 
steatosis to its subtype, nonalcoholic steatohepatitis (NASH), which is characterized by inflammation 
and hepatocyte injury. Over several years, NASH can progress to more serious disease stages, such as 
cirrhosis and hepatocellular carcinoma (HCC)[1]. Based on the close association between hepatic 
steatosis and metabolic dysregulation, international consensus guidelines recommended the renaming 
of NAFLD to metabolic-associated fatty liver disease[2,3]. The prevalence of NAFLD depends on race 
and ethnicity. In the United Sates, the estimated prevalence of NAFLD was reported to be about 32%[4]. 
However, estimates are likely higher in other populations that are currently witnessing the rapid rise in 
the incidence of type 2 diabetes mellitus (T2DM), obesity, metabolic and insulin resistance syndrome, 
and dyslipidemia rates[5,6].

NAFLD is sometimes called the “silent killer”, because most patients with the condition are typically 
asymptomatic in the early stages until the liver is severely damaged. The unsuspected disease condition 
is often found incidentally when liver enzyme levels, such as alanine aminotransferase, are elevated in 
routine laboratory work-up or hepatic steatosis appears on imaging for reasons other than liver sym-
ptoms or signs. Currently, liver biopsy remains the gold standard method for NAFLD diagnosis and 
degree of liver injury evaluation[7]. Computed tomography scans and ultrasound can also be performed 
as part of the standard evaluation of NAFLD. However, these methods have a number of limitations, 
including invasiveness, low sensitivity, sampling variability, and inaccurate diagnosis[8,9]. The 
American Association for the Study of Liver Diseases has identified uncertainties about these diagnostic 
tools, which represent a barrier to the effective treatment of patients with NAFLD[10]. Thus, there is 
increased recognition of the need to develop non-invasive biomarkers that have the ability to identify 
simple steatosis from NASH patients who are at high risk of progression to cirrhosis and HCC 
conditions.

Many concepts important to understanding the pathogenesis of NAFLD have arisen. The traditional 
view of this complex disease suggests that an interplay between genetic and triggering and/or 
modifying environmental events is the fundamental basis for disease initiation and development[11,
12]. Over the last several years, a growing body of functional evidence has pointed towards a central 
role of epigenetic factors in fatty liver diseases, including NAFLD. Epigenetics was redefined multiple 
times and Cavalli and Heard described it as “the study of molecules and mechanisms that can 
perpetuate alternative gene activity states in the context of the same DNA sequence”[13]. Epigenetic 
machinery could be another layer that orchestrates gene expression and provides a molecular link 
between genetic and environment effects on NAFLD. Thus, the integration of epigenetic information 
may represent another opportunity to tackle the complexity of NAFLD and identify new predictive 
biomarkers and potential therapeutic targets of this disease. Indeed, recent advancements in the 
emerging field of epigenetics have revealed that epigenetic mechanisms and associated systems may 
regulate many aspects of the pathogenesis of NAFLD[3,14]. Unlike genetic alterations, epigenetic 
alterations can be mostly heritable and reversible. Thus, further discoveries in the field could enable the 
development of epigenetic tools that can be used not only to complement current strategies for early 
disease diagnosis and optimal individualized patient risk stratification but also to improve therapy.

To date, the most studied epigenetic mechanisms include DNA methylation, histone modifications, 
and noncoding RNA (ncRNA)-based regulation. While certain epigenetic mechanisms underlying DNA 
and chromatin modifications in NAFLD were addressed elsewhere[15,16], only relevant studies 
shedding light on the roles played by ncRNAs’ machinery will be reviewed next.

https://www.wjgnet.com/1007-9327/full/v28/i35/5111.htm
https://dx.doi.org/10.3748/wjg.v28.i35.5111
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EMERGING ROLE OF NCRNAS IN THE PATHOGENESIS OF NAFLD
For decades, only the portion of the genome that is transcribed into mRNA (approximately 2%) was the 
central focus of basic science and medical research. The remaining 98% was simply believed non-
functional and referred to as “junk DNA” or “dark matter”[17]. Due to advances in high-throughput 
sequencing technologies enabling more in-depth genomic and transcriptomic analyses, the 
Encyclopedia of DNA Elements project revealed that up to 80% of the human genome is transcribed, 
generating a multitude of functional transcripts commonly referred to as ncRNAs[18,19]. The biological 
significance of these nonprotein coding transcripts is now becoming evident, with many ncRNAs found 
to have epigenetic activity and substantial roles in regulating diverse cellular processes. Indeed, they 
can affect gene expression by interacting with the transcriptional apparatus, and regulating chromatin 
structure and RNA processing mechanisms[20]. There is also proof that interaction and crosstalk 
between different species of ncRNA groups can create complicated and intertwined networks that can 
affect gene expression[21]. Regulatory ncRNAs mainly consist of microRNAs (miRNAs) (< 30 
nucleotides), long noncoding RNAs (lncRNAs) (≥ 200 nucleotides)[19], and circular RNAs (circRNAs). 
Due to their stability and easy detection in biological fluids, ncRNAs are continuously investigated as 
promising diagnostic and therapeutic tools in metabolic diseases. A growing body of literature indicates 
that ncRNAs are abundantly expressed in the liver and their altered expression patterns are associated 
with various types of liver diseases including NAFLD[22,23]. Moreover, ncRNAs reveal significant 
differences in expression according to the severity of NAFLD and histological features[24]. In the next 
sections, the role of miRNAs, lncRNAs, and circRNAs will be discussed, to better improve our 
understanding of their appealing potential as biomarkers for early NAFLD/NASH staging and 
therapeutic targets.

miRNAs in NAFLD
miRNAs are small, highly conserved short single-stranded ncRNAs (approximately 18-22 nucleotides in 
length) with epigenetic functions able to transcriptionally regulate gene expression of other RNAs 
notably mRNAs[25]. They are transcribed in the cell nucleus and transported to the cytoplasm, where 
they are processed into mature miRNAs[26]. With respect to their function, miRNAs primarily regulate 
gene expression by promoting mRNA degradation or repressing their translation. They serve as master 
regulators that control the expression of thousands of coding and noncoding genes. Prior research 
suggests that more than 60% of human coding genes are potential targets of miRNAs[27]. Mounting 
evidence reveals that dysregulation in miRNAs’ expression is associated with molecular processes of 
various forms of metabolic and liver diseases, including NAFLD conditions[3,28-30]. Indeed, several 
differentially expressed miRNAs play key roles in the development of NAFLD in animal models and 
humans[30-33], essentially through the regulation of several pathogenic processes including altered 
lipid and glucose metabolism, insulin resistance, and inflammation pathways[34,35]. Because miRNAs 
are stably detected in biofluids and can circulate within microvesicles, exosomes, or apoptotic bodies, or 
bound to RNA-binding proteins, interest in studying these molecules has increased tremendously. 
Additionally, considerable research has demonstrated that these RNA species may offer new insights 
into disease biology, and their easy profiling in the serum has raised enthusiasm about their potential 
use in clinical practice as biomarkers for early diagnosis and clinical monitoring of NAFLD progression
[36,37]. While a plethora of miRNAs are associated with fatty liver diseases, only those shown to be 
repeatedly involved in different stages of NAFLD will be discussed next.

miR-21
There is evidence that miR-21-mediated regulation may play an important role in the pathogenesis of 
several types of liver diseases[38]. Dysregulated miR-21 expression has been reported in animal models 
of steatohepatitis and human NASH. Specifically, the levels of circulating miR-21 and its expression in 
the liver are heavily elevated in both NAFLD patients and mouse models[39-41]. Likewise, circulating 
miR-21 Levels are significantly increased in patients suffering from NASH compared to NAFL and 
healthy controls[42]. Other studies have shown that inhibiting miR-21 can alleviate steatosis by 
activating peroxisome proliferator-activated receptor alpha (PPARα)[40,43]. In support of these findings, 
another report indicated that hepatocyte-specific knockout (KO) of miR-21 in mice improved high-fat 
diet (HFD)-induced steatosis through upregulation of multiple miR-21-targeted pathways governing 
lipid metabolism[44]. Similarly, miR-21 abrogation along with obeticholic acid treatment significantly 
reduced NASH in mice[45].

Moreover, miR-21 plays a key role in hepatic lipid metabolism by promoting hepatic lipid accumu-
lation via its interaction with several proteins including sterol regulatory element binding protein 
(SREBP1)[46] and 3-hydroxy-3-methylglutaryl-co-enzyme A reductase (HMGCR)[47]. Additionally, 
miR-21 can target phosphatase and tensin homolog, which prevents hepatic steatosis[48], and PPARα 
expression, which induces inflammation and fibrosis progression and activates lipid oxidation in 
NAFLD[40]. Other investigations have revealed that miR-21 can inactivate the Wnt/β-catenin signaling 
pathway by targeting low-density lipoprotein (LDL) receptor-related protein 6, thereby aggravating 
lipid accumulation and inflammation[49]. Mechanistic studies have also demonstrated that miR-21 
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promotes hepatic insulin resistance and steatosis in diet-induced obese mice through the regulation of 
several key transcription factors, such as forkhead box protein O1, insulin-induced gene 2, signal 
transducer and activator of transcription 3, and hepatocyte nuclear factor 4-alpha (HNF4-α)[44]. 
Together, these studies clearly show that miR-21 plays an essential role in key transitions of NAFLD 
pathogenesis. Such findings hold the potential to develop miR-21 as a reliable serum biomarker to 
identify patients “at risk” for NASH.

miR-29a
The miR-29 family of miRNAs consists of miR-29a, miR-29b, and miR-29c members[50], and are mainly 
expressed in hepatocytes and hepatic stellate cells (HSCs)[51,52]. A body of evidence suggests that miR-
29a is significantly associated with diagnostic relevance of NAFLD[31,53], NASH[54] and liver fibrosis
[54,55], as well as aggressiveness and prognosis of HCC[31]. López-Riera et al[56] identified circulating 
miR-29a as one of the potential biomarkers that could predict drug-induced NAFLD in humans. Yang et 
al[57] found that serum miR-29a levels were significantly lower in NAFLD patients compared to 
controls. Furthermore, another study revealed that miR-29a disrupts DNA methyltransferase 3β 
(DNMT3β) to improve diet-induced NASH in mice. Mattis et al[58] used a mouse model to demonstrate 
that miR-29a protects hepatocytes from steatosis by repressing lipoprotein lipase in hepatocytes. 
Moreover, miR-29a inhibits glycogen synthase kinase 3 beta to repress sirtuin 1 (SIRT1)-mediated 
mitochondrial biogenesis and improve methionine–choline-deficient diet-induced NASH in mice[59]. 
Roderburg et al[52] reported that miR-29 family members are downregulated in mouse models of liver 
fibrosis and in human fibrotic livers. A recent study indicated that miR-29a plays a regulatory role in 
NAFLD by improving HFD-induced steatohepatitis and liver fibrosis through the suppression of cluster 
of differentiation 36 (CD36)[31]. Together, these findings highlight the potential of miR-29a-targeted 
therapy for the treatment of NAFLD and its advanced stages.

miR-33a/miR33b
In humans, the miR-33 family comprises two members, miR-33a and miR-33b (miR-33a/b), which are 
co-transcribed with the sterol regulatory element-binding protein 2 (SREBP2) and 1 respectively, and 
their main targets are SREBP and SREBP2 and ATP-binding cassette subfamily A member 1 (ABCA1). 
miR-33a/b is implicated in fatty liver disease and plays key roles in lipid metabolism and transport by 
targeting a number of genes involved in cholesterol homeostasis and insulin signaling pathways[60,61]. 
In mice, there is only one miR-33 isoform, which is an ortholog form of human miR-33a[60].

In addition, expression levels of miR-33 are increased in the liver tissues of patients with NAFLD[62]. 
Circulating miR-33a is associated with steatosis and inflammation in patients with NAFLD after liver 
transplantation and can serve as an independent predictor of these pathological conditions[63]. The 
expression of hepatic miR-33a/miR-144 is increased in NASH patients with morbid obesity[64]. A 
further study in mice also demonstrated that miR-33 can regulate hepatic lipogenesis signaling and may 
serve as a potential circulating biomarker of NAFLD[65].

From a therapeutic perspective, several studies have demonstrated that treatment with anti-miR-33 
therapeutic agents can significantly reduce plaque burden in mouse models of atherosclerosis and offer 
promise for treating cardiovascular disease[66-68]. However, a previously published clinical trial 
indicated that increased expression of miR-33a in the liver is associated with steatohepatitis in morbidly 
obese humans and metabolic dysfunction[64]. In line with this, long-term therapeutic silencing of miR-
33 in mice leads to the development of adverse outcomes, including hypertriglyceridemia and hepatic 
steatosis[69,70]. miR-33 KO mice exposed to HFD developed marked worsening of obesity and liver 
steatosis via targeting SREBP1[71]. Recently, Price et al[61] provided additional evidence that genetic 
loss of miR-33 results in an increase in food intake and promotes obesity and insulin resistance. Thus, 
further research is needed to fully understand the role of miR-33a/b in NAFLD, which may provide 
new insights into the physiopathology of various forms of this disease.

miR-34a
The miR-34 family comprises three members: miR-34a, miR-34b, and miR-34c. miR-34a expression 
levels are increased both in the liver and serum of patients with NAFLD and NASH compared to 
healthy controls and are positively correlated with total cholesterol (TC) and triglyceride (TG) levels[72,
73]. miR-34 regulates many transcription factors, such as HNF4-α, SIRT1, and p53, which are involved in 
lipid metabolism, cholesterol synthesis, and fatty acid b-oxidation[72,74]. In addition, Xu et al[73] 
demonstrated that miR-34a inhibits hepatic very LDL secretion by promoting steatosis through 
interaction with HNF4-α in patients with NASH and mice fed HFD. miR-34a regulates steatosis by 
directly targeting PPARα expression in NAFLD[75]. Recently, another study demonstrated that the miR-
34a/SIRT1/AMPK pathway is involved in mitochondrial dysfunction in a mouse NASH model[76]. 
Higher circulating levels of miR-34a have been seen in patients with NAFLD and NASH and mice fed 
HFD[73,77]. An association of miR-34a and miR-122 with dyslipidemia among patients with NAFLD 
has also been reported[78], and both miRNAs could be useful biomarkers in children with obesity and 
NAFLD[79]. Finally, in a meta-analysis study, miR-34a, miR-122, and miR-192 were identified as 
potential diagnostic markers to segregate NAFL from NASH[32]. Here, miR-34 showed the best 
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diagnostic accuracy for discriminating NASH vs NAFLD.

miR-122
miR-122 is the most abundant and extensively studied hepatic miRNA representing about 70% of the 
total miRNA in the liver[80]. Current evidence indicates that miR-122 plays an essential role in different 
aspects of liver function as well as in the epigenetic modulation of several genes linked to chronic 
hepatic pathology[72,80,81]. miR-122 is involved in the regulation of lipid and cholesterol metabolism. 
Animal experiments have revealed that inhibition of miR-122 results in a decrease of hepatic fatty acid 
and cholesterol synthesis rate, reduction in plasma cholesterol levels, enhanced liver fatty acid 
oxidation, and protection of HFD-fed mice from hepatic steatosis[82,83]. Further investigations have 
reported that miR-122 targets specific genes of cholesterol biosynthesis, such as HMGCR, microsomal 
TG transfer protein, 3-hydroxy-3-methylglutaryl-coenzyme A (CoA) synthase 1, fatty acid synthase, and 
acetyl-CoA carboxylase[33,82,83], suggesting a role in the pathogenesis of NAFLD.

Excessive accumulation of TG in the cytoplasm of hepatocytes is a hallmark of NAFLD. Genetic 
deletion of miR-122 Locus in mice results in TG accumulation in the liver and hepatic steatosis that 
progresses to NASH, fibrosis, and HCC[81,84], whereas restoration of miR-122a expression reduces 
disease symptoms and tumorigenesis[84]. Consistent with the results from animal investigations, 
reduced expression of miR-122 is observed in hepatic tissues of NASH patients compared to that in 
simple steatosis and healthy controls[72,80]. Interestingly, changes in miRNA expression profiles were 
observed at various stages of NAFLD, including simple fatty liver, NASH, and liver fibrosis to HCC. In 
this respect, a study reported that in NAFLD patients, the hepatic miR-122 Levels were lower in patients 
with mild steatosis compared to those with severe steatosis, while hepatic and serum miR-122 Levels 
were significantly higher in patients with mild fibrosis than in those with severe fibrosis[74].

Conversely, elevated serum levels of miR-122 have been found in patients with NAFLD patients 
compared to controls, and these levels are positively correlated with disease severity[85,86]. These data 
are in line with reports demonstrating that circulating levels of miR-122 are positively associated with 
fatty liver disease, T2DM, obesity, and atherosclerosis[80,87,88]. Additionally, NASH patients exhibit 
increased levels of miR-122 in the serum[80] and decreased hepatic expression of this RNA[72]. 
Although studies have consistently demonstrated that miR-122 expression differs between hepatocytes 
and blood, mechanisms underlying such an inverse correlation are certainly complex and need further 
attention. Attempts have been made to explain the observed difference in expression between the two 
tissues. The elevated levels of circulating miR-122 could be attributed to its secretion via liver exosomes. 
In agreement with this, Gallo et al[89] reported that miR-122 is localized in abundance to secreted liver 
exosomes. However, it must be acknowledged that the dynamic of miRNAs expression, secretion, and 
transport is complex and the contribution of other tissues such as adipose tissue to the pool of miR-122 
Levels must not be ruled out.

miR-155
miR-155 is a multifunctional miRNA known to regulate numerous fundamental processes such as 
immunity, inflammation, lipid metabolism, and cancer[90,91]. Several studies have reported that miR-
155 is one of the biologically most relevant miRNAs in several liver diseases including NAFLD[92,93]. 
In this respect, a study by Wang et al[94] demonstrated that the level of miR-155 is decreased in liver 
tissue and peripheral blood of NAFLD patients compared with healthy controls. Other studies indicated 
that miR-155 activity was also decreased in patients with NAFLD, which could be attributed to the 
adipogenic transcription factors CCAAT/enhancer binding protein (C/EBP)-α, C/EBP-β, PPAR-γ and 
LXRα[94,95]. On the other hand, miR-155-deficient mice fed a HFD developed increased hepatic 
steatosis compared to controls[94], while conditionally liver-specific overexpression of miR-155 reduced 
serum and hepatic levels of TC, TG, and high-density lipoprotein, and alleviated NAFLD[93]. These 
results suggest that miR-155 has a protective role in NAFLD and its pathological conditions. However, 
conflicting study results have somewhat dimmed the promise of using this miRNA to prevent NAFLD. 
For instance, miR-155 KO mice fed a methionine-choline-deficient diet showed a decrease in steatosis 
along with a reduction in the expression of genes involved in fatty acid metabolism and fibrosis, but not 
liver injury or inflammation[95]. Upon ingestion of a diet high in fat, high in cholesterol, and high in 
sucrose, miR-155 KO mice displayed less liver injury, decreased steatosis, and attenuation in fibrosis 
compared to control mice[96]. The ambiguous miR-155 roles suggest that this transcript may exert 
pleiotropic functions depending on the etiology and disease context. Another scenario is that miR-155-
containing exosomes or miR-155-containing microvesicles released from cells into the surrounding 
tissue could contribute to the observed differences in results. As an example, adipose tissue-derived 
miR-155 upregulated by HFD was shown to induce hepatic insulin resistance in murine models[97]. 
Thus, further studies are warranted to clarify the contradictory results and determine the role of miR-
155 in intracellular lipid accumulation and NAFLD development and progression.

miR-192
miR-192 is highly expressed in quiescent HSCs. Overexpression of miR-192 significantly suppresses the 
activity of these cells by reducing the proliferation and migratory potential of primary mouse HSCs[98]. 
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A previous study found that circulating miR-192 is differentially expressed in NAFLD patients and even 
identified a miRNA panel (hsa-miR-122-5p, hsa-miR-1290, hsa-miR-27b-3p, and hsa-miR-192-5p) with 
high diagnostic accuracy for this disease[99]. Another study indicated that serum levels of miR-192-5p 
were significantly elevated in NAFLD patients and positively associated with hepatic inflammatory 
activity score and disease progression[100]. Recently, Wang et al[101] observed that miR-34a, miR-122, 
and miR-192 represent suitable biomarkers to distinguish NAFLD and NASH severity. Another study 
found that in NASH patients levels of miR-192 were elevated in serum, while decreased in the liver[80]. 
Similar to miR-122, miR-192 was increased in NASH serum compared with steatosis and downreg-
ulated in NASH liver, both in human and animal models, suggesting that these miRNAs are released 
from hepatocytes during pathophysiological states associated with cell membrane impairment[42,100]. 
A recent meta-analysis identified several miRNAs as potential biomarkers of NAFLD and NASH, 
including miR-34a, miR-122, and miR-192[32]. Together, these findings suggest that circulating miRNA-
192 Levels may represent a potential noninvasive diagnostic biomarker and therapeutic target for the 
different stages of NAFLD.

miR-375
miR-375 is highly expressed in pancreatic islets and considered to be an essential regulator of glucose 
homeostasis and insulin secretion[102]. miR-122, miR-192, and miR-375 are significantly upregulated in 
NAFLD patients compared to controls[80]. miR-375 is involved in the pathogenesis of NAFLD and its 
inhibition suppresses the production of inflammatory cytokines tumor necrosis factor-alpha as well as 
interluekin-6, increased the expression of adiponectin, and suppressed lipid accumulation in palmitate 
(PA)-induced HepG2 cells[103]. These preliminary data suggest that miR-375 as well as the above 
discussed miRNAs (Table 1) could be promising targets for the prevention and progression of NAFLD.

LncRNAs in NAFLD pathogenesis
LncRNAs are relatively long RNA transcripts (> 200 nucleotides) that lack coding potential[104]. They 
are regulatory molecules transcribed from intergenic, exonic, or the distal protein-coding regions by 
RNA polymerase II and capped at the 5′-end and polyadenylated at the 3′-end[104]. Regarding their 
functions, there are subsets of lncRNAs that act as guides by binding to proteins and directing their 
localization, providing dynamic scaffolds providing a central platform for the transient assembly of 
multiple proteins and RNAs[105] and decoys that bind targeted proteins or miRNAs to limit their 
availability and function by acting as a molecular sink[106]. However, other functions related to these 
RNA species may arise as research in the field rapidly progresses. Over the last decade, dysregulation of 
lncRNAs has been linked to the pathophysiology of various human diseases, such as cancer, diabetes, 
and cardiovascular diseases[107]. In the context of NAFLD, some reports have noted that lncRNA 
expression patterns are dysregulated, suggesting that these molecules may represent potential drivers of 
NAFLD biology and have utility as clinical biomarkers. However, the role of lncRNAs in the 
development and progression of NAFLD still remains relatively unexplored. Herein, we provide a 
scientific update on lncRNAs relevant to NAFLD and its stages.

H19 LncRNA 
The lncRNA H19 (H19) is a transcription product of the H19 gene and represents one of the first 
discovered lncRNAs. H19 predominantly acts to affect miRNAs stability in different physiological and 
pathological conditions[108]. In recent years, H19 has attracted great attention in the research of liver 
diseases due to its aberrant expression and extensive involvement in several hepatic metabolic processes
[109]. In this respect, existing evidence has shown that overexpression of H19 results in hepatic 
metabolic reprogramming and exacerbates diet-induced fatty liver[110]. In agreement with this, Liu et al
[111] reported that expression of H19 induces hepatic steatosis by activating both the lipogenic 
transcription factor MLX interacting protein-like and the mammalian target of rapamycin complex 1 
signaling pathways. In animal models, knockdown of H19 inhibited steatosis and alleviated hepatic 
lipogenesis by directly regulating the miR-130a/PPARγ axis in NAFLD[112]. However, further studies 
would be useful for determining the precise contribution of H19 to the pathogenesis of NAFLD.

Blnc1
Brown fat lncRNA 1 (Blnc1) is implicated in the regulation of adipocyte differentiation and function
[113] and may serve as a regulator of triacylglycerol biosynthesis. Recently, Zhao et al[114] reported that 
hepatic Blnc1 expression was strongly linked to activation of lipogenesis in mouse models of obesity 
and NAFLD, whereas its liver-specific inactivation abrogated HFD-induced hepatic steatosis and insulin 
resistance, and protected mice from diet-induced NASH pathogenesis. Conversely, overexpression of 
Blnc1 in epididymal white fat tissue improved whole body insulin sensitivity, partially attenuated 
systemic dyslipidemia and glucose metabolism, and markedly protected against diet-induced obesity 
hepatic steatosis, probably via enhancement of mitochondrial biogenesis and function in white fat[115]. 
Overall, these results suggest that Blnc1 has different regulatory mechanisms and distinct functions in 
the liver and white adipose tissue.
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Table 1 Selected microRNAs shown to be highly involved in the pathogenesis of nonalcoholic fatty liver disease

miRNA Circulation 
level

Tissue 
expression Main functional and pathophysiological impacts Ref.

Promotes lipogenesis

Involved in NASH, fibrosis, and HCC

miR-21 ↑ ↑

Targets several metabolic and inflammatory signaling pathways related to the pathogenesis 
of NAFLD 

[38-40,42,
44]

Highly connected with the diagnostic relevance of NAFLD, NASH, and HCCmiR-29a ↑ ↓

Modulates oxidative stress and inflammation in the context of NAFLD

[31,53,52,
58]

Involved in lipid metabolism, glucose homeostasis and hepatic lipogenesismiR-
33a/b

↑ ↑

Associated with steatosis and inflammation in patients with NAFLD/NASH

[61-63,
65]

Regulates lipoprotein metabolism and promotes liver steatosis

Involved in NAFLD/NASH

Correlates with the severity of hepatic inflammatory activity

miR-34a ↑ ↑

Can serve as a biomarker to distinguish NAFLD from NASH patients

[72,73,75]

Modulates several genes linked to chronic hepatic pathology and lipid metabolism 

Promotes hepatic steatosis 

miR-122 ↑ ↓

Serum miR-122 correlates positively with markers of NAFLD severity as well as with NASH

[74,82-
84]

Regulates key cellular events in NAFLD/NASH miR-155 ↑ ↑

Promotes insulin resistance 

[96,97]

Significantly elevated in NAFLD patients and positively associated with hepatic inflam-
matory activity score and disease progression

Increased in serum from NASH patients compared with steatosis

miR-192 ↑ ↓

Could be a potential biomarker of NAFLD and NASH 

[32,80,
100]

Involved in the pathogenesis of NAFLD/NASH/fibrosismiR-375 ↑ ↑

Key regulator of glucose homeostasis and insulin secretion

[80,102]

HCC: Hepatocellular carcinoma; miRNAs: MicroRNAs; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

lncHR1
The lncRNA HCV regulated 1 (lncHR1) was recently identified as a novel human-specific lncRNA that 
has an effect on lipid metabolism. A study by Li et al[116] reported that in an HFD mouse model, 
overexpression of lncHR1 inhibited fatty acid synthase and lowered oleic acid-induced hepatic cell TG 
and lipid droplets’ accumulation by inhibiting SREBP1c gene expression. These findings are relevant to 
NAFLD since dyslipidemia in patients with NAFLD is atherogenic in nature and it is characterized by 
increased levels of serum TG. Furthermore, elevated TG levels in the circulation are associated with 
metabolic syndrome and cardiovascular disease[117].

Metastasis-associated lung adenocarcinoma transcript 1 
Metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is one of the highly conserved 
lncRNAs shown to play a significant role in many diseases, including cancer, diabetes, and insulin 
resistance. A previous study showed that excess PA increases MALAT1 expression, activated SREBP1c 
and induced intracellular lipid accumulation in hepatocytes, whereas inhibition of MALAT1 expression 
decreased nuclear SREBP1c level and lipid accumulation both in vitro and in vivo[118]. Further analysis 
by these authors revealed that the reduction of MALAT1 in the liver improved insulin sensitivity in 
ob/ob mice. They concluded that MALAT1 may promote hepatic steatosis and insulin resistance by 
increasing nuclear SREBP1c protein stability in hepatocytes[118]. Furthermore, results from lncRNA 
profiling in the liver biopsies of NAFLD patients demonstrated the potential of MALAT1 as a regulator 
of liver inflammation and fibrosis and insulin resistance by targeting the C-X-C motif chemokine ligand 
5[119]. Consistent with these observations, another study found that MALAT1 expression was 
significantly increased in NASH patients compared to NAFLD individuals with simple steatosis and 
controls[120]. Previous studies have reported that MALAT is overexpressed in both HCC cell lines and 
clinical tissue samples[121,122], providing additional evidence that this lncRNA could be used as a 
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biomarker of liver damage and HCC development.

Nuclear enriched abundant transcript 1 
Nuclear enriched abundant transcript 1 (NEAT1) is a nuclear lncRNA involved in various liver diseases
[123]. It is involved in adipogenesis processes, including lipolysis, lipid uptake, and LDL oxidation. A 
recent study indicated that the NEAT1 and mTOR signaling pathway proteins were increased in 
NAFLD in vitro and in vivo while downregulation of NEAT1 alleviated NAFLD via the mTOR/S6K1 
signaling pathway in rat model[124]. Additionally, NEAT1 plays an important role in the activation of 
estrogen receptor alpha to regulate water-glycerol transporter (AQP7)-mediated hepatic steatosis[125]. 
Chen et al[126] found that NEAT1 promotes steatosis by sponging miR-146a-5p, subsequently increasing 
the expression of Rho-kinase1 (ROCK1) and significantly inducing the AMPK/SREBP pathway. 
Silencing of NEAT1 alleviated fibrosis and inflammatory responses by regulating the miR-506/GLI3 
axis in an NAFLD cellular model[127]. A recent study indicated that NEAT1 and paternally expressed 
gene 3 were highly expressed in the liver and HSCs from NASH mice and silencing of NEAT1 
effectively reduced the fibrotic characteristics of HSCs in the setting of NASH[128]. These results 
corroborate previous findings by Leti et al[119] indicating that NEAT1 is upregulated in the fibrosis of 
NASH patients compared to controls. Together, these studies highlight the potential value of NEAT1 for 
aiding in the prognosis and diagnosis of NASH.

Ultra-conserved element 
Ultra-conserved element (UC372) is a lncRNA associated with impaired homeostasis of lipid 
metabolism and may play a role in the pathogenesis of NAFLD. UC372 is upregulated in a murine 
model of T2DM (db/db mice), HFD-fed mice, and NAFLD patients, indicating a role in liver steatosis 
and fatty liver[129]. Mechanistically, UC372 may drive hepatic steatosis through binding to pri-miR-
195/pri-miR-4668, thus preventing miR-195/miR-4668 from regulating the expression of target genes 
associated with lipid synthesis and uptake, including acetyl-CoA carboxylase, fatty acid synthase, 
stearoyl-CoA desaturase 1, and lipid uptake-related genes such as CD36[129]. These preliminary results 
suggest that UC372 may be a promising target for therapies combating hepatic steatosis.

Maternally expressed gene 3 
Maternally expressed gene 3 (MEG3), also known as gene trap locus 2, is another lncRNA that plays a 
regulatory role in the carcinogenesis and progression of several types of cancer. MEG3 is also suspected 
to be involved in the pathogenesis of NAFLD. In this respect, an early study reported that expression of 
hepatic MEG3 was consistently decreased in the chemokine (C-C motif) ligand 4 (CCl4)-induced mouse 
progressive liver fibrosis model compared to normal tissues, and HSCs may be one of the main sources 
of the MEG3 Levels present in CCl4-treated livers[130]. The same study revealed that MEG3 was also 
downregulated in human liver fibrotic tissues compared with control liver tissues. In line with this these 
studies, Huang et al[131] showed that the downregulation of MEG3 in in vitro and in vivo models of 
NAFLD is negatively correlated with lipogenesis-related genes, and that overexpression of MEG3 
alleviates lipid overaccumulation in HepG2 cells. The downregulation of MEG3 in two models of 
NAFLD (free fatty acid-challenged primary hepatocytes and HFD-induced mouse) was also indicated in 
a more recent study by Zou et al[132].

In contradiction with these results, hepatic MEG3 Levels are significantly increased in liver fibrosis 
and NASH cirrhosis in human patients[133]. Similarly, MEG3 was shown to be one of the most differen-
tially expressed lncRNAs in the vascular endothelium in diet-induced obese mice, and its expression 
was elevated in human nonalcoholic fatty livers and NASH livers, whereas its knockdown potentiated 
obesity-induced insulin resistance and impaired glucose homeostasis[134]. These conflicting results 
underline the complexity of MEG regulation, and further studies are required to clarify the biological 
significance of MEG3 and its potential role MEG3 either as a biomarker or a therapeutic target for 
NAFLD.

Highly upregulated in liver cancer 
The lncRNA highly upregulated in liver cancer (HULC) was the first identified lncRNA specifically 
overexpressed in HCC. HULC, a functionally important lncRNA, promotes HCC growth, metastasis 
and drug resistance[135]. HULC expression was found to be increased in the liver tissue of NAFLD rats
[136]. Inhibition of this lncRNA improves hepatic fibrosis and lipid deposition and decreases hepatocyte 
apoptosis in rats with NAFLD via inhibition of the mitogen-activated protein kinase signaling pathway 
in liver tissue[136]. Interestingly, the antidiabetic drug metformin was also reported to decrease HULC 
by inhibiting the expression of specificity protein 1 transcription factor in liver cancer cells[137]. Indeed, 
metformin was shown to improve insulin resistance and hyperinsulinemia and increase insulin 
sensitivity. This drug is now recommended and has proven to be effective for the treatment of NAFLD
[138]. Collectively, these findings suggest that HULC could be a promising target for NAFLD diagnosis, 
staging, and therapy.
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Homeobox transcript antisense intergenic RNA 
Homeobox (HOX) transcript antisense intergenic RNA (HOTAIR) is a lncRNA that resides on a 
boundary of the HOXC locus on chromosome 12q13.13. HOTAIR is increased in different forms of 
cancers and involved in diverse cellular functions. In NAFLD, free fatty acid treatment promotes TG 
accumulation in HepG2 cells, significantly induces HOTAIR expression and inhibits phosphatase and 
tensin homolog expression[139]. A recent study reported that HOTAIR was activated in NAFLD, and 
HOTAIR knockdown significantly inhibited the development of NAFLD via mediation of miR-130b-
3p/ROCK1/AMPK axis, further suggesting a target for NAFLD[140]. HOTAIR shows several oncogenic 
functions in HCC and its expression levels are increased in liver fibrosis, which causes acceleration of 
carcinogenesis in hepatitis B virus-infected patients[141]. Other investigations have reported that 
HOTAIR can serve as a competing endogenous RNA to sponge miR-29b and then repress DNMT3b, 
which contributes to hepatic fibrosis[141].

Fatty liver-related lncRNA 2 
The lncRNA fatty liver-related lncRNA 2 (FLRL2) is located in the intronic region of the aryl 
hydrocarbon receptor nuclear translocator-like (Arntl) gene, and Arntl is predicted as a cis target of 
FLRL2. FLRL2 was identified as a potential key molecule in the pathogenesis of NAFLD. This nuclear-
localized lncRNA is downregulated in the NAFLD mouse model, suggesting a role in the pathogenesis 
of this disease[142]. Further mechanistic studies have demonstrated that overexpression of FLRL2 
alleviates NAFLD through activation of the Arntl-SIRTA pathway, inhibits lipogenesis, and reduces 
hepatic steatosis in HFD mice[143]. These results render FLRL2 another promising therapeutic 
candidate for the treatment of NAFLD and its complications. Finally, the above-discussed lncRNAs with 
their potential functions in NAFLD are also summarized in Table 2.

circRNAs in NAFLD
As their name implies, circRNAs are single-stranded covalently closed RNA species formed through 
back-splicing. Distinct characteristics of circRNAs, such as high stability, evolutionary conservation 
among species, exonuclease resistance, and existence in body fluids endow this class of RNAs with 
numerous potential functions ranging from miRNA and protein sponges to gene transcriptional 
regulators and protein/peptide translators. Moreover, circRNAs are dysregulated in numerous 
pathological conditions and may potentially serve as novel diagnostic biomarkers and therapeutic 
targets.

Although there is increasing evidence linking circRNAs to the pathogenesis of metabolic diseases, 
studies centered on the investigation of circRNAs in NAFLD were only recently conducted[144-146]. 
Data from recent literature suggest that circRNAs are involved in several fundamental processes 
governing the onset and progression of NAFLD and display aberrant expression[147]. For instance, a 
circRNA_0046367 was decreased in HFD-induced hepatic steatosis[148]. Subsequently, the authors of 
this study demonstrated that normalization of circRNA_0046367 Levels prevents lipid peroxidation and 
mitochondrial dysfunction in steatosis through miR-34a sponging and PPARα downregulation. In a 
further analysis, the same research laboratory identified an additional circRNA: circRNA_0046366, 
whose expression was also diminished during free fatty acid-induced hepatocellular steatosis in high 
fat-treated HepG2 cells[149]. In HepG2 cells with hepatic steatosis induced by high-fat stimulation, 
circRNA_021412 was associated with hepatic steatosis via the circRNA_021412/miR-1972/LPIN1axis
[150]. circRNA microarrays analysis in an HFD mouse model revealed that circScd1 expression was 
significantly decreased in NAFLD tissues compared to that in controls. Consistent with this, knockdown 
of circScd1 promoted hepatosteatosis through the regulation of the Janus kinase 2 and signal transducer 
and activator of transcription 5 signaling pathway[151]. In an in vitro model of NAFLD, Hsa_ci-
rc_0048179 was shown to attenuate free fatty acid-induced steatosis via Hsa_circ_0048179/miR-188-
3p/glutathione peroxidase 4 signaling[152]. circRNA profiling in a NASH mouse model identified 
circRNA_29981 as the circRNA most significantly differentially expressed in this setting[153].

More recently, Jin et al[147] indicated that the circRNA_002581-miR-122-CPEB1 axis aggravates 
NASH partially through autophagy suppression, while silencing of circRNA_002581 significantly 
attenuated lipid droplet accumulation, eliminated liver damage in both mouse and cellular models of 
NASH. Chen et al[154] indicated that silencing of circ_0071410 alleviates hepatic stellate activation, a key 
step of liver cirrhosis. HSCs are the primary cell type responsible for liver fibrosis. In the CCl4-induced 
mouse model of liver fibrosis, mmu_circ_34116 was able to inhibit HSCs activation[155]. In a mouse 
model of NAFLD, Chen et al[156] found that circ_0057558 can promote NAFLD by regulating ROCK1/ 
AMPK signaling through targeting miR-206. Interestingly, a novel mitochondrial genome-encoded 
circRNA termed mitochondrial steatohepatitis-associated circRNA ATP5B regulator (SCAR) was 
identified recently[157]. The latter study found SCAR to be significantly downregulated in liver 
fibroblasts from patients with NASH. Additionally, the overexpression of SCAR inhibited 
mitochondrial reactive oxygen species output and fibroblast activation via shutting down mitochondrial 
permeability transition pore. More importantly, in vivo targeting of SCAR alleviated HFD-induced 
cirrhosis and insulin resistance implying that circRNA SCAR may serve as a therapeutic target for 
NASH[157].
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Table 2 Relevant dysregulated long noncoding RNAs associated with alterations in liver metabolism and nonalcoholic fatty liver 
disease

lncRNA Expression Main functional and pathophysiological effects Ref.

Promotes cell proliferation, migration, and invasion in several 
different human cancers including HCC

Promotes hepatic steatosis and insulin resistance

Hepatic MALAT1 levels are higher in NASH patients with 
fibrosis

MALAT1 ↑

Promotes NAFLD progression and increase with the severity of 
the disease 

[119-122]

Promotes adipogenesis, lipogenesis, and lipid absorption

Modulates fibrosis and inflammatory responses

NEAT1 ↑

Silencing NEAT1 alleviated fibrosis and inflammatory in a 
NAFLD cellular model

[124,126,127]

Involved in lipid metabolism and glucose homeostasisMEG3 ↓

Correlates with steatosis and inflammation (NASH) in patients 
with NAFLD 

[131-134]

Promotes HCC growth and metastasis

Promotes NAFLD development

HULC ↑

Metformin decreases HULC expression

[135,136]

Activates lipid accumulation in hepatocytes and promotes 
hepatic steatosis development 

Expression profile is significantly increased in oleic acid-
induced steatosis and during the development of HFD-induced 
NAFLD

HOTAIR ↑

Accelerates liver fibrosis and carcinogenesis

[139-141]

Decreases endoplasmic reticulum stress and liver inflammationFLRL2 ↓

Alleviates NAFLD and steatosis in mouse model

[143]

FLR2: Fatty liver-related lncRNA 2; H19: H19 imprinted maternally expressed transcript; HCC: Hepatocellular carcinoma; HFD: High-fat diet; HOTAIR: 
HOX transcript antisense RNA; MALAT1: Metastasis-associated lung adenocarcinoma transcript 1; lncRNAs: Long noncoding RNAs; MEG3: Maternally 
expressed 3; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; NEAT1: Nuclear paraspeckle assembly transcript 1; HULC: 
Hepatocellular carcinoma upregulated long noncoding RNA.

Together, these findings suggest that certain circRNAs, including those summarized in Table 3, are 
likely to contribute to NAFLD phenotype, which makes them attractive targets for the development of 
diagnostic and interventional pharmacology. However, circRNA data are still lacking functional 
evidence and their underlying mechanisms are still awaiting elucidation. Nevertheless, further carefully 
designed prospective studies to emphasize and validate the potential use of circRNAs as NAFLD 
biomarkers are expected to yield new insights into the pathogenesis of this disease state.

CONCLUSION
The findings from the above research clearly indicate that alterations in miRNA, circRNA and lncRNA 
expression play critical roles in cellular physiology and many diseases, including NAFLD and cancer. 
Thus, these ncRNA subsets are promising non-invasive biomarkers for the diagnosis and stratification 
of patients with NAFLD and could inform future personalized treatments designed for this condition. 
Even though the concept is promising and optimism is high, there is a consensus that research in the 
field still has limitations and technical challenges. (1) Sustained research efforts in the ncRNAs field 
have aimed to develop biomarkers to support the diagnostic process in patients with NAFLD. Unfortu-
nately, most of the studies were carried out in subjects who already display patterns of worsening 
symptoms and are seeking medical care. To overcome this challenge, an alternative option would be to 
investigate the status of ncRNAs in the general population, which may assess the risk and capture early 
stages of disease initiation and evolution. This strategy could help achieve early diagnosis in individuals 
at risk for NAFLD but yet asymptomatic, and determine whether the overserved aberration in ncRNA 
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Table 3 Relevant dysregulated circular RNAs associated with alterations in liver metabolism and nonalcoholic fatty liver disease

circRNA Expression level Main functional and pathophysiological effects Ref.

circRNA_0046367 ↑ Inhibits hepatic steatosis by preventing hepatotoxicity of lipid 
peroxidation

[148]

circRNA_0046366 ↑ Inhibits hepatic steatosis through miR-34a/PPARα [149]

circRNA_021412 ↑ Associated with hepatic steatosis [150]

circScd1 ↓ Affects steatosis on NAFLD via JAK2/STAT5 signaling 
pathways

[151]

hsa_circ_0048179 ↓ Attenuates free fatty acid-induceded steatosis by sponging of 
miR-188-3p in vitro

[152]

mmu_circRNA_29981 ↑ Regulatory role in NASH mousee model [153]

Involved in lipogenesisCirc_0057558 ↑

Promotes nonalcoholic fatty liver disease by sponging miR-
206

[156]

Correlates with steatosis-to-NASH progressionSCAR ↓

In vivo, targeting circRNA SCAR alleviates HFD-induced 
cirrhosis and insulin resistance

[157]

circRNAs: Circular RNAs; HCC: Hepatocellular carcinoma; HFD: High-fat diet; JAK2: Janus Kinase 2; NAFLD: Nonalcoholic fatty liver disease; NASH: 
Nonalcoholic steatohepatitis; PPARα: Peroxisome proliferator-activated receptor α; STAT5: Signal transducer and activator of transcription 5.

expression is the trigger or it is just a consequence of other causes such as those associated with lipid 
metabolism disorder, inflammation and immune system; (2) The role of ncRNAs as mediators of cell 
and organ crosstalk as well as their impact on different signaling pathways involved in NAFLD 
pathogenesis are not fully understood. It is now recognized that some ncRNAs are present in the 
extracellular environment and may be involved in pathophysiological condition. They may act to affect 
their targets either in an autocrine or paracrine fashion. Hence, special attention should be drawn to 
further research addressing the role of ncRNAs and their carriers (extracellular vesicles) in mediating 
potential inter-organ crosstalk in NAFLD condition, and the dynamic interaction of ncRNAs with 
metabolism cell signaling pathways. While these strategies may seem difficult to carry out and 
complete, they can be a starting point for increasing our knowledge on the role of circulating ncRNAs in 
organ crosstalk and may represent an opportunity to better understand how they affect metabolic 
homeostasis to drive the onset and progression of NAFLD and related pathological conditions; and (3) 
From a clinical perspective, approaches based on an individual ncRNA targeting or overexpression are 
what researchers are shooting for. However, each ncRNA has highly redundant roles and multiple 
functions. Indeed, a previous study revealed that a miRNA can affect a phenotype not only through a 
simple regulatory process, but via multiple targets redundantly and often incoherently, and such a 
complex regulation is difficult to assemble and control[158]. Indeed, it is becoming evident that it is 
difficult to diagnose a multifactorial disease such as NAFLD using a single ncRNA. Attempts were 
conducted to use a combination of serum circulating ncRNAs. Understanding the ncRNA-ncRNA 
crosstalk and their intricate interplay with different genetic and other epigenetic regulators including 
DNA methylation, chromatin remodeling, and components of the transcriptional and posttranscrip-
tional machineries to regulate gene networks involved in NAFLD could certainly expand our 
knowledge on the molecular mechanisms driving this disease. This approach can also lead to a 
breakdown into NAFLD subtypes which would add resolution and inform about the regulation of 
molecular processes involved in each stage of the disease by specific ncRNAs.

To sum up, this review highlights the evidence for potential subsets of ncRNAs that are associated 
with NAFLD and its pathological conditions. The findings from various human and animal studies 
clearly suggest that dysregulation in ncRNA profiles are critical factors in the initiation and progression 
of fatty liver diseases, including NAFLD. This may be an appealing argument to further explore the 
mystery of these RNA molecules and consider their clinical application as biomarkers/therapeutics in 
the prevention and treatment of NAFLD and its progressive forms.
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Abstract
Non-alcoholic steatohepatitis (NASH) is defined as hepatic steatosis, inflam-
mation, and hepatocyte injury with or without fibrosis. It has emerged as the 
second leading indication for liver transplantation with a rising death rate in the 
non-transplantable population. While there are many drugs in evaluation, 
currently no approved therapies are on the market for this condition. Given this 
importance, the Food and Drug Administration has provided formal guidance 
regarding drug development for stopping or reversing NASH or NASH asso-
ciated fibrosis. The complex pathogenesis of NASH and its bidirectional rela-
tionship with metabolic syndrome has highlighted multiple drugs of interest that 
address metabolic, inflammatory, and fibrotic factors. A few promising liver 
specific targets include farnesoid X receptor agonists and peroxisome proliferator-
activated receptor agonists. Previously studied drug classes such as glucagon-like 
peptide-1 analogs or sodium/glucose transport protein 2 inhibitors have also 
demonstrated ability to improve hepatic steatosis. Here we discuss current 
rationale, scientific work, and preliminary data in combining multiple drugs for 
the purposes of a multimodal attack on the pathogenesis of NASH. We highlight 
multiple Phase 2 and Phase 3 studies that demonstrate the potential to achieve a 
response rate higher than previously assessed monotherapies for this condition. 
Ultimately, one of these combination strategies may rise above in its safety and 
efficacy to become a part of a standardized approach to NASH.

Key Words: Non-alcoholic steatohepatitis; Fatty liver; Combination treatment; Drug 
therapy; Pharmacologic treatment; Clinical trials
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Core Tip: Multimodal combination approaches targeting two or more molecular pathways contributing to 
steatohepatitis and liver fibrosis are needed to augment efficacy of novel investigational drug regimens to 
achieve non-alcoholic steatohepatitis (NASH) resolution and NASH fibrosis improvement.
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INTRODUCTION
Non-alcoholic steatohepatitis (NASH) is defined as the presence of ≥ 5% hepatic steatosis and inflam-
mation with hepatocyte injury with or without fibrosis. Non-alcoholic fatty liver disease (NAFLD) 
represents a spectrum of pathology encompassing hepatic steatosis, steatohepatitis (NASH), and liver 
fibrosis, and poses a significant challenge to the medical community as there are currently no Food and 
Drug Administration (FDA) approved therapies available on the market. The definition of NAFLD 
includes the lack of secondary causes of hepatic steatosis such as alcohol consumption, steatogenic 
medication or hereditary liver disease. With NAFLD-associated death rates on the rise and NASH 
emerging as the second most common indication for liver transplantation, there has been heightened 
urgency to target various disease pathways in NASH development with the hopes of controlling the 
global impact of this disease[1,2]. With this rising importance, the FDA has published formal guidance 
regarding drug development aimed at stopping or reversing NASH and NASH fibrosis. The current 
drug development pipeline contains many mono-therapeutic options which address a wide range of 
metabolic, inflammatory, and fibrosis target pathways associated with NASH pathogenesis.

The pathophysiology of NASH is based on a bidirectional relationship between type 2 diabetes 
mellitus (T2DM), hypertension, obesity and dyslipidemia–or metabolic syndrome. This relationship 
contributes to excess free fatty acids generated from lipolysis and de novo lipogenesis in the liver, which 
creates lipotoxic species which induce oxidative stress, inflammasome activation, and fibrinogenesis[3] . 
Liver specific targets aimed at decreasing histologic inflammation or fibrosis such as farnesoid X 
receptor (FXR) agonists or peroxisome proliferator-activated receptor (PPAR) agonists are currently 
being evaluated for the treatment of NASH. These are in addition to drug classes such as glucagon-like 
peptide-1 (GLP-1) agonists and sodium/glucose transport protein 2 inhibitors that were initially 
approved for treatment of diabetes but have demonstrated the ability to decrease liver fat content[4,5]. 
While individually these agents have shown promise in early trials, there has been growing interest in 
pursuing a multimodal combination approach targeting two or more molecular targets/pathways 
responsible for NASH and NASH-associated liver fibrosis, particularly in context of modest effects of 
single agent strategies on histologic endpoints, with fewer than 50% of patients achieving either NASH 
resolution of fibrosis improvement of one stage or greater[6]. Therefore, this mini review will succinctly 
summarize the current efforts to examine combination strategies of drugs which may further augment 
therapeutic response in patients with NASH.

FDA APPROVAL PATHWAY
The FDA generally has two pathways for drug approval. The traditional pathway focuses on clinical 
benefit endpoints (i.e., morbidity and mortality) and requires long term data. A brief review is provided 
in Figure 1. The accelerated approval pathway is intended to expedite the process for serious medical 
conditions with unmet needs. This pathway relies on short term surrogate markers that would reliably 
predict long term clinical outcomes to support drug approval. To inform clinical trial design for invest-
igational drugs under evaluation for NASH, industry guidance was issued by the FDA in 2018 with a 
focus on patients with non-cirrhotic NASH with stage 2-3 liver fibrosis[7]. Although histologic 
endpoints were reinforced as required for assessment of surrogate endpoints for NASH and liver 
fibrosis, the agency encouraged the development and validation of noninvasive biomarkers in clinical 
trials to accelerate drug development. NASH was defined as a NAFLD activity score (NAS) greater than 
or equal to 4 with at least 1 point each in inflammation and ballooning degeneration, plus a NASH 
Clinical Research Network fibrosis score greater than stage 1 fibrosis but less than stage 4 for enrollment 
in these trials. Lastly, the primary regulatory endpoints required to support accelerated approval 
include: (1) NASH resolution on histology (NAS less than 4 with individual components scores of 0 for 
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Figure 1 Flow diagram of standard Food and Drug Administration drug approval process.

ballooning degeneration and 0-1 for inflammation) without worsening fibrosis; (2) Improvement in liver 
fibrosis greater than or equal to one stage without worsening NASH; or (3) NASH resolution and 
improvement in fibrosis by one stage or greater. Clinical benefit for these drugs was defined as 
superiority to placebo in delayed disease progression measured by a composite endpoint including 
progression to cirrhosis, hepatic decompensation, change in MELD score, liver transplantation, or all-
cause mortality.

DRUGS IN DEVELOPMENT–PHASE 2
Key phase 2 trials for NASH therapeutics are summarized in Table 1. In brief, one major class being 
pursued is fibroblast growth factor 21 (FGF21) agonists such as pegbelfermin. FGF21 is endogenously 
produced by the liver and has a pleiotropic effect on metabolism that may benefit patients with NASH. 
Endogenous FGF21 concentrations are elevated as much as 10-fold in patients with obesity, NAFLD or 
NASH, leading to the hypothesis that these may represent an FGF21-resistant state which may benefit 
from exogenous stimulation to improve insulin sensitivity and lipid metabolism[8] . GLP-1 is an incretin 
hormone made by intestinal cells post prandially for which receptors are predominantly in the pancreas, 
adipose tissue and brain. It regulates plasma glucose by stimulating glucose release and inhibiting 
glucagon secretion. GLP-1 agonists have previously shown to improve hepatic steatosis, decrease liver 
inflammation, and ameliorate insulin resistance in murine models of fatty liver disease. Semaglutide 
and liraglutide have shown promising results with statistically significant NASH improvement or 
resolution compared to placebo[9,10]. Norursodeoxycholic acid is an orally administered side chain-
shortened homologue of ursodeoxycholic acid that undergoes hepatic enrichment with hepatopro-
tective, anti-inflammatory, and antifibrotic activity. It has shown significant reduction of serum alanine 
aminotransferase (ALT) within 12 wk of treatment when compared with placebo, encouraging further 
investigation[11]. Aldafermin is an analogue of fibroblast growth factor 19 (FGF19) which regulates bile 
acid metabolism and fat storage in the liver. FGF19 levels are lower in patients with NAFLD and insulin 
resistance. Activation of the FGF19 pathway has been shown to improve insulin sensitivity and liver 
steatosis. In a 24-wk placebo-controlled trial, the aldafermin group experienced a significant reduction 
in absolute liver fat content compared with placebo (P = 0.002) and fibrosis improvement of at least 1 
stage (38% vs 18%, P = 0.10)[12]. The currently ongoing phase 2b ALPINE 4 study is designed to assess 
the efficacy, safety and tolerability of this agent (NCT04210245).

FXR agonists, which bind to the transcription factor FXR to help regulate bile acid metabolism are in 
multiple phases of clinical trial investigation. The FXR agonist tropifexor has demonstrated a robust and 
dose-dependent decrease in ALT, hepatic fat fractionation, and body weight with good safety and 
tolerability after 12 wk of treatment in a phase 2 trial[13]. The PPARα, β/δ and γ, play a central role in 
the regulation of glucose and lipid metabolism and of the inflammatory and fibrogenic pathways which 
contribute to NASH pathogenesis. Lanifibranor (IVA337), a pan-PPAR agonist, combines pharmaco-
logical effects that could improve fatty acid oxidation, dyslipidemia, and insulin sensitivity, and has 
demonstrated anti-inflammatory, antifibrotic and hepatoprotective effects in preclinical models and 
phase 1/2 trials. TVB-2640 is an orally bioavailable, first-in-class fatty acid synthase (FASN) inhibitor. 
FASN is a key enzyme in the de novo lipogenesis pathway that is responsible for the synthesis of excess 
fat and activation of fibrogenic and inflammatory mechanisms in the liver of patients with NASH. TVB-
2640 demonstrated significant improvement in several NASH endpoints in the FASCINATE-1 trial as 
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Table 1 Phase 2 trials in non-alcoholic steatohepatitis

Trial name/NCT 
number Manufacturer Drugs Mechanism of action Enrollment 

(targeted) Study arms Duration Primary or relevant 
end point(s) Results/SE

NCT03976401 Akero Therapeutics AKR-001 FGF 21 receptor agonist 80 (1) AKR-001 50 mg QD; 
and (2) Placebo

112 Change in liver fat 
fraction measured by 
MRI-PDFF

Ongoing

NCT04541186 89bio BIO89-100 FGF 21 receptor agonist 90 (1) BIO89-100 (QW or 
every 2 wk); and (2) 
Placebo

112 Change in various lab 
parameters TG, LDL, 
HDL, fasting glucose. 
Change in liver fat 
fraction measured by 
MRI-PDFF

Ongoing

NCT02097277 Bristol-Myers 
Squibb

Pegbelfermin (BMS-
986036)

FGF 21 receptor agonist 120 (1) Pegbelfermin 1 mg QD; 
(2) Pegbelfermin 5 mg QD; 
(3) Pegbelfermin 20 mg 
QD; (4) Pegbelfermin 20 
mg weekly; and (5) Placebo

84 Safety, tolerability, and 
change in HbA1c. 
Change in insulin 
sensitivity, lipids, 
adiponectin, and disease 
progression biomarkers

No significant effects of pegbelfermin versus 
placebo on HbA1c. Pegbelfermin 20 mg/d 
significantly improved high-density lipoprotein 
cholesterol and triglycerides. Most frequent 
adverse events were injection-site bruising and 
diarrhea

NCT01237119 Novo Nordisk Liraglutide GLP-1analogue 52 (1) Liraglutide 1.8 mg SC 
QD; and (2) Placebo

336 Resolution of NASH 
without worsening 
fibrosis 

39% who received liraglutide and underwent end-
of-treatment liver biopsy had resolution of definite 
non-alcoholic steatohepatitis compared with 9% in 
placebo (P = 0·019). Side efffects diarrhea and loss 
of appetite

NCT02970942 Novo Nordisk Semaglutide GLP-1 analogue 320 (1) Semaglutide 0.1 mg SC 
QD; (2) Semaglutide 0.2 mg 
SC QD; (3) Semaglutide 0.4 
mg SC QD; and (4) Placebo

504 Resolution of NASH 
without worsening 
fibrosis. Improvement in 
fibrosis, LFTs, A1c level

NASH resolution was achieved in 40% in the 0.1-
mg group, 36% in the 0.2-mg group, 59% in the 0.4-
mg group, and 17% in the placebo group (P < 0.001 
for semaglutide 0.4 mg vs placebo). Side effects 
including nausea, constipation, and vomiting 
which was higher in the 0.4-mg group

2013-004605-38 Dr Falk Pharma 
GmbH

Norursodeoxycholic 
acid

homologue of ursodeoxy-
cholic acid, undergoes 
hepatic enrichment with 
hepatoprotective, anti-
inflammatory, and 
antifibrotic activity

198 (1) 500 mg norursodeoxy-
cholic acid QD; (2) 1500 mg 
norursodeoxycholic acid 
QD; and (3) Placebo

112 Change in ALT levels Dose-dependent reduction in ALT with norurs-
odeoxycholic acid versus placebo, with a 
significant effect in the 1500 mg group (P < 0.0001). 
Side effects included headache, gastrointestinal 
disorders, and infections

COHORT 
4/NCT02443116 

NGM Biopharma-
ceuticals

Aldafermin Analog of fibroblast 
growth factor 19, inhibits 
bile acid synthesis and 
regulates metabolic 
homeostasis

78 (1) aldafermin 1 mg QD; 
and (2) Placebo

168 Improvement in liver 
fibrosis of greater or 
equal to one stage with 
no worsening of NASH

Aldafermin group with higher rate of liver fat 
content reduction compared to placebo (7.7% vs 
2.7%, P = 0.02). Aldafermin produced significantly 
greater decrease in bile acids, liver enzymes. 
Fibrosis improvement without worsening NASH 
higher in aldafermin group (38% vs 18%, P = 0.10). 
NASH resolution without worsening fibrosis 
higher in aldafermin group (24% vs 9%, P = 0.20). 
Side effects include diarrhea, headache, abdominal 
distation and peripheral edema
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ALPINE 
4/NCT04210245

NGM Biopharma-
ceuticals

Aldafermin Analog of fibroblast 
growth factor 19, inhibits 
bile acid synthesis and 
regulates metabolic 
homeostasis

72 (1) Aldafermin 0.3 mg QD; 
(2) Aldafermin 1 mg QD; 
(3) Aldafermin 3 mg; and 
(4) Placebo

168 Improvement in liver 
fibrosis of greater or 
equal to one stage with 
no worsening of NASH

Ongoing

FLIGHT-
FXR/NCT02855164

Novartis Pharma-
ceutical 

Tropifexor FXR agonist 152 (1) TXR 140 g QD; (2) TXR 
200gr QD; and (3) Placebo 

84 Changes in liver fat 
fraction, liver enzymes, 
body weight

End point achieved in TXR 800 mg vs 1200 mg vs 
Placebo (51% vs 55% vs 34%, P = 0.001). Side effects 
include mild pruritus and increase in LDL

NATIVE/NCT03008070 Inventiva Lanifibranor PPAR agonist 247 (1) Lanifibranor 800 mg 
QD; (2) Lanifibranor 1200 
mg QD; and (3) Placebo

168 Responder analysis 
based on the 
improvement of the SAF 
activity score

L800 mg vs 1200 mg vs Placebo (51% vs 55% vs 
34%) P = 0.0015. SE weight gain, peripheral edema

FASCINATE-
1/NCT03938246

Sagimet Biosciences 
Inc

TVB-2640 FASN inhibitor 99 (1) TVB2640 25 mg QD; (2) 
TVB2640 50 mg; and (3) 
Placebo

84 Change in hepatic fat 
fraction from baseline in 
subjects with NASH by 
proton-density fat 
fraction by magnetic 
resonance imaging

Dose-dependent relative changes in liver fat by 
MRI-PDFF were -28.2% with 50 mg (P < 0.005 vs 
placebo), -9.6% with 25 mg, and +4.5% with 
placebo. 30% relative reduction in liver fat at week 
12 were 61% (P < 0.001 vs placebo)

NCT02856555 Gilead Sciences Firsocostat Acetyl-coenzyme A 
carboxylase Inhibitor

126 (1) Firsocostat 20 mg QD; 
(2) Firsocostat 5 mg QD; 
and (3) Placebo

84 Safety and tolerability. 
Secondary end point 
efficacy (NASH 
improvement without 
fibrosis)

Decrease of at least 30% from baseline in MRI-
PDFF occurred in 48% of patients with 20 mg (P = 
0.004), 23% given 5 mg (P = 0.43), and 15% given 
placebo. SE cause, abdominal pain, diarrhea

VOYAG/LBP20 Viking therapeutics VK2809 Thyroid beta receptor 
agonist, selectively 
cleaved in hepatic tissue

45 (1) VK2809 5 mg QD; (2) 
VK2809 10 mg QOD; (3) 
VK280910 mg QD; and (4) 
Placebo

84 Safety, tolerability and 
efficacy in reducing liver 
fat content and LDL 

< Liver fat content was 8.7% for 5 mg QD (P = 
0.0014) vs 8.9% 10 mg QOD (P = 0.013) vs 10.6% for 
10 mg QD (P = 0.0030), vs 1.1% for placebo. 70% in 
VK2809 therapy showed a ≥ 50%. Reduction in 
MRI-PDFF (P = 0.014) 

NCT02912260 Madrigal Pharma-
ceuticals

Resmetirom (MGL-
3196)

Selective thyroid 
hormone receptor-β 
agonist 

125 (1) Resmetirom 80 mg QD; 
and (2) Placebo

252 Change in liver fat 
fraction measured by 
MRI-PDFF

80 mg vs placebo reduction of hepatic fat at week 
12 (-32.9% vs -10.4%; P < 0·0001) and week 36 (-
37.3% vs -8.5%; P < 0·0001)

NCT02784444 Cirius Therapeutics MSDC-0602K Insulin sensitizer 
designed to preferentially 
target the mitochondrial 
pyruvate carrier with 
direct binding to the 
transcriptional factor 
PPARγ

392 (1) MSDC-0602K 62.5 mg 
QD; (2) MSDC-0602K 125 
mg QD; (3) MSDC-0602K 
250 mg QD; and (4) 
Placebo

364 Hepatic histological and 
activity score 
improvement in either 
ballooning or lobular 
inflammationNo 
increase in fibrosis stage 
at 12 mo

Primary end point placebo 29.7%, vs 62.5 mg 
29.8%, vs 125 mg 32.9% vs 250 mg 39.5% (95%CI: 
0.44–1.81) (95%CI: 0.60–2.48), (95%CI: 0.83–3.27)

FGF: Fibroblast growth factor; MRI-PDFF: Magnetic resonance imaging with proton density fat fraction; GLP-1: Glucagon-like peptide-1; FXR: Farnesoid X receptor; PPAR: Peroxisome proliferator-activated receptor; FASN: Fatty acid 
synthase.

summarized in Table 1[14]. Firsocostat (GS-0976) is an inhibitor of ACC (acetyl-coenzyme A 
carboxylase) which catalyzes de novo lipogenesis in the liver. In a randomized placebo-controlled trial, 
firsocostat 20 mg decreased hepatic steatosis and surrogate markers of fibrosis[15]. VK2809 is a small 
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molecule prodrug of a potent thyroid beta receptor agonist which has demonstrated favorable effects on 
lipid metabolism and biomarkers of hepatic steatosis and steatohepatitis in a phase 2 trial, supporting its 
potential role in patients with NASH[16]. MSDC-0602K is a novel insulin sensitizer designed to prefer-
entially target the mitochondrial pyruvate carrier while minimizing direct binding to the transcriptional 
factor PPARγ. MSDC-0602K did not demonstrate statistically significant effects on primary and 
secondary histologic endpoints in a phase 2 trial, but favorable effects on liver cell injury and glucose 
metabolism support further investigation for in patients with type 2 diabetes[17].

DRUGS IN DEVELOPMENT–PHASE 3
Novel investigational agents which have completed are undergoing evaluation in phase 3 trials are 
summarized in Table 2. Obeticholic acid, an FXR agonist, has been shown to improve the histological 
features of NASH, with fibrosis improvement in 23% of patients treated with Obeticholic acid compared 
with 12% in placebo group[18]. Elafibranor, a PPAR agonist, improves liver enzymes, lipids, glucose 
levels, and markers of systemic inflammation and is being tested in a phase 3 study (NCT02704403)[19]. 
Aramchol inhibits steroyl-CoA desaturase 1, a key enzyme in hepatic lipogenesis that converts saturated 
fatty acids into monounsaturated fatty acid. In the phase 2b ARREST trial, aramchol demonstrated liver 
fat reduction, biochemical improvement, NASH resolution and fibrosis reduction in a dose response 
pattern[20]. It has since been included in an ongoing phase 3 trial to test its safety and efficacy 
(NCT04104321). Cenicriviroc is an oral, dual antagonist of C-C motif chemokine receptor (CCR) types 2 
and 5. It has shown anti-inflammatory and anti-fibrotic properties, which are mediated by CCR types 2 
and 5 (CCR2/CCR5) blockade. In a randomized double-blind phase 2b study of 289 subjects, 
cenicriviroc was associated with a statistically significant improvement in NASH fibrosis of one stage or 
greater vs placebo (20% vs 10%; P = 0.02)[21]. A phase 3 randomized, double-blind, placebo-controlled 
trial (AURORA) is currently ongoing with evaluation of 2000 adults with NASH who are treated with 
cenicriviroc or placebo for 52 wk[22]. Resmetirom is a liver-directed, orally active, selective thyroid 
hormone receptor-β agonist designed to improve NASH by increasing hepatic fat metabolism and 
reducing lipotoxicity. In a phase 2b study, resmetirom treated patients showed a relative reduction of 
hepatic fat compared with placebo with statistically significant NASH resolution vs placebo[23], and is 
currently under evaluation in a phase 3 registration trial (NCT03900429). GR-MD-02 (belapectin), is an 
inhibitor of galectin 3 that reduces liver fibrosis and portal hypertension. In a phase 2 trial, belapectin 
was safe but not associated with significant reduction in hepatic venous pressure gradient (HVPG) or 
fibrosis. However, in a subgroup analysis of patients without esophageal varices, 2 mg/kg belapectin 
reduced HVPG and development of varices, suggesting a possible benefit in patients with NASH 
cirrhosis without esophageal varices[24] . In the phase 3 NAVIGATE trial, the safety and efficacy of 
belapectin is under evaluation with primary clinical endpoints of development of varices and event-free 
survival (NCT04365868).

COMBINATION THERAPEUTICS 
The rationale of combining two or more strategies for NASH therapy aims to augment rates of NASH 
resolution and NASH fibrosis improvement. By targeting the development of steatohepatitis, liver 
fibrosis as well as controlling metabolic syndrome, we may achieve response rates higher than 32% as 
seen currently via trials of drugs as monotherapy[6]. Table 3 is a collection of studies currently 
underway, and some completed, that evaluate multidrug regimens for the treatment of NASH. FXR 
agonists, which regulate bile acid metabolism, are one major class of drugs incorporated in many of 
these trials. Obeticholic acid, a promising drug in this class, has demonstrated the dose-dependent 
ability to improve liver fibrosis and steatohepatitis in NASH patients with stage F2/F3 fibrosis based on 
initial and secondary analysis of the REGENERATE trials[18,25]. Cilofexor, another FXR agonist, has 
been tested in combination with firsocostat, an ACC inhibitor and selonsertib, an ASK1 inhibitor, in the 
phase 2b ATLAS study that demonstrated improvements in liver enzymes, fibrosis, NAS score on 
histology and improvements in liver elastography in the cilofexor/firsocostat group compared to 
placebo[26]. Ongoing studies with tropifexor include combinations with cenicriviroc and LYS0006 with 
early results still pending and waiting to be reviewed.

By now it is well known that features of metabolic syndrome increase the risk of developing NAFLD. 
Type 2 diabetes, specifically, is a risk factor for NASH and its presence increases the risk of progression 
of NASH fibrosis[27,28]. Therefore, some of the ongoing trials in combination therapy for NASH 
include semaglutide, pioglitazone or licogliflozin; from drug classes that traditionally have been utilized 
for the management of T2DM. In one randomized, placebo controlled trial in patients with biopsy 
proven NASH, a GLP-1 analog, liraglutide, was associated with greater improvement in steatohepatitis 
and lower progression of fibrosis[9]. A proof-of-concept trial is currently underway including 
semaglutide along with cilofexor and firsocostat. Licogliflozin, which has shown benefit in lowering 
liver fat content, is being studied as part of a combination trial with tropifexor in the ELIVATE trial. 



Suri J et al. Combination drug therapy for NASH

WJG https://www.wjgnet.com 5135 September 21, 2022 Volume 28 Issue 35

Table 2 Phase 3 trials in non-alcoholic steatohepatitis

Trial name/NCT number Manufacturer Drugs Mechanism of 
action 

Enrollment 
(targeted) Study arms Duration 

(weeks) Primary or relevant end point(s) Results

REGENERATE/NCT02548351 Intercept 
Pharmaceuticals

Obeticholic 
acid

Farnesoid X 
receptor agonist

2480 (1) Obeticholic acid 10 mg 
QD; (2) Obeticholic acid 25 
mg QD; and (3) Placebo

72-378 Fibrosis improvement (≥ 1 stage) with no 
worsening of NASH, or NASH resolution with no 
worsening of fibrosis 

Fibrosis improvement endpoint-
(12%) placebo, (18%) obeticholic 
acid 10 mg, (23%) obeticholic 
acid group 25 mg. Safety most 
common adverse event was 
pruritus 

RESOLVE-IT/NCT02704403 Genfit Elafibranor PPAR agonist 2157 (1) Elafibranor 120 mg QD; 
and (2) Placebo

72-216 Change in fibrosis. Change in histologic score of 
NASH 

ongoing

ARMOR/NCT0410432 Galmed pharma-
ceuticals

Aramchol SCD-1 inhibitor 247 (1) Aramchol 600 mg QD; (2) 
Aramchol 400 mg qd; and (3) 
Placebo

364 (1) Evaluate the safety and efficacy as measured 
with % change in the liver triglycerides concen-
tration; and (2) Safety

Ongoing

AURORA/NCT03028740 Tobira 
Therapeutics

Cenicriviroc Dual antagonist 
of CCR types 2 
and 5

2000 (1) Cenicriviroc 150 mg; and 
(2) Placebo

364 (1) Proportion of subjects with ≥ 1-stage 
improvement in liver fibrosis and no worsening 
of steatohepatitis at month 12 relative to 
screening; and (2) Safety 

Ongoing

MAESTRO-NASH/ 
NCT03900429

Madrigal 
Pharmaceuticals

Resmetirom Selective thyroid 
hormone 
receptor-β 
agonist

2000 (1) resmetirom 80 mg QD; (2) 
resmetirom 100 mg QD; and 
(3) Placebo

364 NASH resolution, with at least a 2-point 
reduction in NAS (NASH Activity Score-biopsy), 
and with no worsening of fibrosis. Secondary end 
p. (1) Liver fibrosis improvement of at least one 
stage, with no worsening of NASH; and (2) 
Lowering of LDL-cholesterol

Ongoing

NAVIGATE/NCT04365868 Galectin 
Therapeutics

GR-MD-02 
(belapectin)

Inhibitor of 
galectin 3

1010 (1) Belapectin 2 mg/kg 
intravenously (IV) every other 
week; (2) Belapectin 4 mg/kg 
intravenously (IV) every other 
week; and (3) Placebo

504 Development of new esophageal varices at 78 
weeks in the belapectin group Cumulative 
incidence rate of decompensations and event-free 
survival by time to first cirrhosis related clinical 
event

Ongoing

PPAR: Peroxisome proliferator-activated receptor; SCD-1: Steroyl-CoA desaturase 1; CCR: C-C motif chemokine receptor

Numerous trials have already established the benefit of pioglitazone in improving inflammation and 
fibrosis in patients with biopsy proven NASH and therefore it is included as recommended manage-
ment for a select group of patients according to the most recent American Association for the Study of 
Liver Diseases guidelines on NAFLD[29].

Aside from the ability to decrease inflammation and fibrosis in NASH, allowing treatment with lower 
doses of various drugs in combination or improvement the side effect profile are two alternate motives 
for pursuing combination therapy. In Wister rat models for NASH, one group was able to demonstrate a 
synergistic therapeutic effect on inflammation and oxidative stress from combining elafibranor and 
obeticholic acid at lower doses than with each drug in monotherapy[30]. FXR agonists have been shown 
to increase low density lipoprotein (LDL) cholesterol concentrations. In the CONTROL study, the 
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Table 3 Multidrug regimens for the treatment of non-alcoholic steatohepatitis

Trial name/NCT number Phase Manufacturer Drugs Mechanism of action Enrollment 
(targeted) Study arms Duration 

(weeks)
Primary or relevant end 
point(s) 

NCT02781584 (Proof of 
Concept)

1 Gilead Sciences Selonsertib, 
firsocostat, 
cilofexor, 
fenofibrate, 
icosapent ethyl

(1) Selonsertib-selective ASK1 inhibitor; 
(2) Firsocostat-ACC inhibitor; (3) 
Cilofexor-FXR agonist; (4) Fenofibrate-
PPAR agonist; and (5) Icosapent ethyl-
under investigation

220 (1) Selonsertib; (2) Firsocostat; (3) Cilofexor; (4) 
Selonsertib + cilofexor; (5) Selonsertib + 
firsocostat; (6) Firsocostat + cilofexor; (7) 
Firsocostat (cirrhotic patients); (8) Cilofexor 
(cirrhotic patients); (9) Selonsertib + firsocostat + 
cilofexor; (10) Firsocostat + fenofibrate 48 mg; (11) 
Firsocostat + fenofibrate 145 mg; and (12) 
Icosapent ethyl + firsocostat + cilofexor 

12 (1) Adverse events; (2) 
Serious adverse events; and 
(3) Lab abnormalities 

ATLAS/NCT03449446 2 Gilead Sciences Selonsertib, 
firsocostat, 
cilofexor

(1) Selonsertib-selective ASK1 inhibitor; 
(2) Firsocostat-ACC inhibitor; and (3) 
Cilofexor-FXR agonist 

395 (1) Selonsertib + firsocostat + placebo; (2) 
Selonsertib + cilofexor + placebo; (3) Firsocostat + 
cilofexor + placebo; (4) Selonsertib + placebo + 
placebo; (5) Firsocostat + placebo + placebo; (6) 
Cilofexor + placebo + placebo; and (7) 3 placebos

48 (1) Adverse events; (2) Lab 
abnormalities; and (3) 
Improvement of ≥ 1-stage in 
fibrosis without worsening 
of NASH

NCT03987074 2 Gilead Sciences, 
Novo Nordisk

Cilofexor, 
semaglutide, 
firsocostat

(1) Semaglutide-GLP-1 agonist; (2) 
Firsocostat-ACC inhibitor; and (3) 
Cilofexor-FXR agonist

109 (1) Semaglutide; (2) Firsocostat + semaglutide; (3) 
Semaglutide + cilofexor 30 mg; (4) Semaglutide + 
cilofexor 100 mg; and (5) Semaglutide + firsocostat 
+ cilofexor 

24 (1) Adverse events; (2) 
Serious adverse events; and 
(3) Lab abnormalities 

ELIVATE/NCT04065841 2 Novartis Tropifexor, licogli-
flozin

(1) Tropifexor-FXR agonist; and (2) 
Licogliflozin-SGLT1/2 inhibitor

380 (1) Tropifexor + licogliflozin; (2) Tropifexor + 
placebo; (3) Licogliflozin + placebo; and (4) 2 
placebos

48 (1) Improvement of ≥ 1-stage 
in fibrosis without 
worsening of NASH; and (2) 
Resolution of NASH without 
worsening fibrosis 

NCT03776175 2A Pfizer PF-05221304, PF-
06865571

(1) PF-05221304-ACC inhibitor; and (2) 
PF-06865571 - DGAT 2 inhibitor

99 (1) ACC inhibitor + placebo; (2) DGAT2 inhibitor 
+ placebo; (3) ACC inhibitor + DGAT2 inhibitor; 
and (4) 2 placebos

6 Improvement in fat fraction

TANDEM/NCT03517540 2 Novartis, 
Allergan

Tropifexor, 
cenicriviroc

(1) Tropifexor-FXR agonist; and (2) 
Cenicriviroc-CCR2/CCR5 inhibitor

193 (1) Tropifexor; (2) Cenicriviroc; (3) Tropifexor 
dose 1 + cenicriviroc; and (4) Tropifexor dose 2 + 
cenicriviroc 

48 (1) improvement in fibrosis; 
and (2) Resolution of steato-
hepatitis

CONTROL/NCT02633956 2 Intercept 
Pharmaceuticals

Obeticholic acid, 
atorvastatin

(1) Obeticholic acid-FXR agonist; and 
(2) Atorvastatin-HMG-CoA reductase 
inhibitor 

84 (1) Obeticholic acid 5 mg/10 mg/25 mg + 
atorvastatin 10 mg/20 mg; and (2) Placebo + 
atorvastatin 10 mg/20 mg

16 (1) Change in LDL concen-
tration; (2) Change in LDL 
particle size; and (3) Change 
in LDL particle concentration

NCT04235205 2 Albireo Pharma Elobixibat, 
cholestyramine

(1) Elobixibat-IBAT inhibitor; and (2) 
Cholestyramine-bile acid binding resin 

100 (1) Elobixibat + cholestyramine; (2) Elobixibat + 
placebo; (3) Placebo + cholestyramine; and (4) 2 
placebos

16 (1) Change in liver fat 
fraction measured by MRI-
PDFF; and (2) Change in 
fibrosis measured by MRE

(1) Vitamin E-scavenging reactive 
oxidation species; and (2) Omega 3 FA-
competing with omega 6 for cycloox-
genase and lipoxygenase-mediated 

PUVENAFLD/NCT04198805 2 DSM Nutritional 
Products

Vitamin E, omega-3 
fatty acid

200 (1) Vitamin E + placebo; (2) Omega-3 fatty acid + 
placebo; (3) Omega 3-fatty acid + vitamin E; and 
(4) 2 placebos

24 (1) Change in liver fat 
fraction measured by MRI-
PDFF; (2) Change in liver 
enzymes; and (3) FIB-4 scores
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inflammatory eicosanoid production, 
forming anti-inflammatory compounds

NEXSCOT/NCT04147195 2 Novartis LYS006, tropifexor (1) Tropifexor-FXR agonist; and (2) 
LYS006-leukotriene A4 hydrolase 
inhibitor

250 (1) LYS006; and (2) LYS006 + tropifexor 21 (1) Change in ELF score; and 
(2) Change in liver fat 
fraction measured by MRI-
PDFF

NCT02466516 2 Gilead Sciences Selonsertib, 
simtuzumab

(1) Selonsertib-selective ASK1 inhibitor; 
and (2) Simtuzumab-lysyl oxidase-like 
2 inhibitor 

72 (1) Selonsertib 6 mg; (2) Selonsertib 18 mg; (3) 
Selonsertib 6 mg + simtuzumab; (4) Selonsertib 18 
mg + simtuzumab; and (5) Simtuzumab 

24 (1) Adverse events; (2) 
Serious adverse events; (3) 
Lab abnormalities; and (4) 
Number of participants who 
prematurely discontinued 
study due to adverse events

NCT01703260 2 AstraZeneca Roflumilast, 
pioglitazone

(1) Roflumilast-phosphodiesterase 4 
inhibitor; and (2) Pioglitazone-PPAR 
agonist

16 (1) Roflumilast + pioglitazone; (2) Roflumilast + 
placebo; and (3) Pioglitazone + placebo

20 (1) Change in liver enzymes; 
and (2) Change in liver fat 
fraction measured by MRI-
PDFF 

ASK1: Apoptosis signal-regulating kinase-1; ACC: Acetyl-coenzyme A carboxylase; FXR: Farnesoid X receptor; PPAR: Peroxisome proliferator-activated receptor; GLP-1: Glucagon-like peptide-1; SGLT: Sodium/glucose transport 
protein; DGAT: Diacylglycerol acyltransferase; CCR: C-C motif chemokine receptor; IBAT: Ileal bile acid transporter.

authors were able to lower the LDL concentration below baseline with the addition of atorvastatin[31]. 
In a separate phase 2, proof-of-concept trial, fenofibrate was tested in combination with the ACC 
inhibitor, firsocostat, to help lower triglyceride levels[32].

CONCLUSION
In this concise review, we have discussed numerous possible therapeutic options for cessation or 
reversal of NASH and associated fibrosis. It is clear that NASH and particularly NASH fibrosis or 
cirrhosis is a leading topic garnering much interest in the study of liver diseases today, which would be 
appropriate considering the clinical impact. Although some of the above targets may seem promising, 
there are still a few concerns regarding study of this particular topic. Firstly, it is evident by reviewing 
the endpoints of each of the studies listed above that there is much heterogeneity. This is partly because 
the gold standard of liver biopsy to prove effectiveness in this endeavor is cumbersome, costly, and 
generally not favored by patients. The use of surrogates for liver fibrosis and resolution including 
markers of turnover, inflammation, or non-invasive assessments of liver scarring have not universally 
been agreed upon in the use of clinical trials. Secondly, for those studies that have utilized liver biopsies 
are part of their endpoint assessment, there can be considerable inter-observer variability in 
interpretation of liver biopsy specimens, assuming they are of adequate quality. Additionally, it is 
apparent that many of the study developers use magnetic resonance imaging with proton density fat 
fraction for assessment of liver fat content while there are additional tools such as the controlled 
attenuation parameter of transient elastography systems which might be more acceptable as a point of 
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care test. Lastly, endoscopic and surgical bariatrics represent an emerging area of therapeutic 
development for the management of obesity in context of NASH. In one prospective study of 180 
patients, bariatric surgery was associated with NASH resolution in 84% of patients with improvement 
in fibrosis in 70% of patients at the 5 year mark after surgery[33]. Separately, in a 6 mo multi-center 
study of 85 patients with T2DM undergoing duodenal mucosal resurfacing, not only did their A1c 
improve, but so did their ALT levels and FIB-4 scores hinting at the possible insulin sensitizing, lipid 
lowering, anti-inflammatory and antioxidant effects of this procedure[34]. In conclusion, more effective 
treatments for NASH are urgently needed, and combination pharmacotherapy represents among the 
most promising approaches in develpoment.
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Abstract
BACKGROUND 
Pancreatic ductal cancer (PDAC) has high malignancy and poor prognosis. Long 
noncoding RNAs (lncRNAs) are associated with high levels of malignancy, 
including PDAC. However, the biological and clinical significance of negative 
regulator of antiviral response (NRAV) in PDAC is unclear.

AIM 
To study the regulatory role of lncRNA NRAV in PDAC.

METHODS 
GEPIA analyzed lncRNA NRAV and miRNA (miR-299-3p) expression levels in 
PDAC tissues and measured them in PDAC cells by quantitative measurements in 
real time. The specific role of NRAV and miR-299-3p in cell proliferation and 
transfer potential was evaluated by cell formation analysis, Cell Counting Kit-8 
and Transwell analysis. The relationship between NRAV and miR-299-3p was 
studied by predictive bioinformatics, RNA immunoassay, and fluorescence 
enzyme analysis. In vivo experiments included transplantation of simulated tumor 
cells under naked mice.

RESULTS 
The expression level of lncRNA NRAV was higher in both tumor tissues and cell 
lines of PDAC and was negatively associated with the clinical survival of PDAC 
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patients. Functionally, overexpression of NRAV promoted cell proliferation and metastasis of 
PDAC cells, while knockdown of NRAV reversed these effects. Finally, NRAV was performed as a 
molecular sponge of miR-299-3p. Moreover, overexpression of miR-299-3p could reverse the 
promoting effects of NRAV on cell proliferation and metastasis of PDAC cells.

CONCLUSION 
NRAV facilitates progression of PDAC as a molecular sponge of miR-299-3p and may be a 
potential molecular marker for diagnosis and treatment of PDAC.

Key Words: Long noncoding RNA; Negative regulator of antiviral response; miR-299-3p; Proliferation; 
Migration; Invasion; Pancreatic cancer

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In the present research, the expression level of long noncoding RNA negative regulator of 
antiviral response (NRAV) in pancreatic ductal adenocarcinoma (PDAC) was detected, and the 
clinicopathological relationship between NRAV and PDAC was demonstrated. Moreover, cell and animal 
tests were conducted to assess the concrete roles of NRAV in the progression of PDAC. Finally, the 
existence of potential specific molecular mechanisms that can provide new ideas for finding new 
molecular markers for the diagnosis and treatment of PDAC is demonstrated.

Citation: Wang HQ, Qian CH, Guo ZY, Li PM, Qiu ZJ. Long noncoding RNA negative regulator of antiviral 
response contributes to pancreatic ductal adenocarcinoma progression via targeting miR-299-3p. World J 
Gastroenterol 2022; 28(35): 5141-5153
URL: https://www.wjgnet.com/1007-9327/full/v28/i35/5141.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i35.5141

INTRODUCTION
As an extremely malignant tumor, pancreatic ductal adenocarcinoma (PDAC) has shown a rapidly 
increasing incidence rate in recent years worldwide[1]. According to the latest cancer report in 2021, 
there are 495773 new cases reported globally every year and about 466003 people die of PDAC annually
[2]. Due to insufficient means of early diagnosis and effective treatment, the 5-year survival rate of 
PDAC patients is only about 8% and will drop to about 3% in patients with advanced PDAC[1]. 
Therefore, it is urgent to establish a comprehensive pathological mechanism of PDAC and explore a 
more effective PDAC diagnosis and treatment center.

Long noncoding RNAs (lncRNAs) are new ncRNAs that are composed of > 200 nucleotides, 
accounting for the largest proportion of the entire human gene transcriptome[3,4]. lncRNAs mainly 
regulate gene expression in a variety of ways, including chromatin remodeling and transcriptional and 
post-transcriptional processing, and participate in regulating a variety of biological processes[5,6]. 
Recently, a large number of researches showed that lncRNAs are dysregulated in most tumors and 
function as key regulators in the process of tumor growth, metastasis, drug tolerance, and angiogenesis
[7,8]. The lncRNA negative regulator of antiviral response (NRAV) is a newly identified lncRNA and is 
mainly related to immunity[9]. Xu et al[10] found that NRAV is highly expressed in the cell system of 
hepatocytes and regulates the course of hepatocellular carcinoma. However, the statements and specific 
role of NRAV in PDAC are still unclear.

lncRNAs play an important regulatory role in the occurrence and development of various cancers 
and may be considered a potential molecular marker. Many studies have shown that RNA plays its 
biological function of competing with endogenous RNAs[11,12]. Hsa-miR-299-3p plays an important 
role in the development of many cancers. Many studies describe the regulation of the relationship 
between miR-299-3p and lncRNAs[13,14]. Many experts conducted in-depth research on the regulation 
of the relationship between the two and stated that miR-299-3p increased the volume and cellular 
system and prevented proliferation and metastasis of pancreatic cancer cells with exposure to Notch1
[15]. The relationship between NRAV and miR-299-3p in PDAC has not yet been investigated.

In this study, we tested the expression of NRAV in PDAC and studied its function, and found that 
NRAV and PDAC have obvious overlaps. The results of functional experiments showed that the level of 
NRAV expression was directly associated with cell proliferation and metastasis and was closely related 
to the growth of tumors in naked mice. In addition, we found that NRAV, as a molecular sponge of 
miR-299-3p, contributes to PDAC progression. Therefore, the results of this study may provide new 
insights into the role of NRAV in PDAC. It can be a biomarker for the diagnosis and treatment of PDAC.
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MATERIALS AND METHODS
Cell lines
PDAC cell lines (PANC-1, AsPC-1, Mia Paca-2 and BxPC-3) and human immortalized normal pancreatic 
duct epithelial (HPDE) cells were obtained from the American Type Culture Collection (Manassas, VA, 
United States). The cell lines were cultured at an appropriate concentration in a specific environment in 
a moistened cell incubator with a CO2 concentration of 5% at 37 °C. Percentage of 10 fetal serum and 1% 
penicillin–streptomycin were added to the culture medium, including RPMI-1640 and Dulbecco’s 
modified Eagle’s medium.

RNA isolation and quantitative real-time polymerase chain reaction
Total cellular RNA was extracted from cultured cells using Trizol reagent (Invitrogen, Carlsbad, CA, 
United States). For lncRNA, FastKing gDNA Dispeeling RT Supermix (TIANGEN, China) was selected 
for reverse transclncRNAn. The specific cDNAs of miRNAs were obtained with a specific kit 
(miDETECT A Track RT Reagent Kit; RiboBio, China). The quantitative real-time polymerase chain 
reaction (qRT-PCR) system wasABI 7300 PCR (Foster City, CA, United States). U6 and ACTB were 
respectively deemed as standardized internal controls of miRNA and lncRNA. The specific sequences of 
the primers were designed as follows. For NRAV, 5’-GGAGTTGATGCCTCCGAACA-3’ (forward) and 
5’-ATGACCGGAGCTGAAAGGTG-3’ (reverse); for β-actin, 5’-TCCCTGGAGAAGAGCTACGA-3’ 
(forward) and 5’-AGCACTGTGTTGGCGTACAG-3’ (reverse); for miR-299-3p, 5’-ACACTCCAGCTGG-
GTATGTGGGATGGTAAAC-3’ (forward) and 5’-GTGCAGGGTCCGAGGT-3’ (reverse); and for U6, 5’-
CTCGCTTCGGCAGCACA-3’ (forward) and 5’-AACGCTTCACGAATTTGCGT-3’ (reverse). The 
relative expression level of each gene was calculated with the 2−ΔΔCt method.

Cell transfection
Lipofectamine 2000 kit (Invitrogen) was used to conduct cell transfection. Short hairpin RNAs (shRNAs) 
targeting NRAV were designed by Genepharma (Shanghai, China). The specific sequences targeting 
NRAV were designed as follows: For sh-NRAV #1, 5’-CACCTCATCCACAAGTAGGAC-3’; for sh-
NRAV #2, 5’-TTGGAGCCAAGGACTGTACTG-3’; and negative control: 5’-TTCTCCGAACGT-
GTCACGT-3’. NRAV overexpression plasmid and shRNAs against NRAV were inserted into the 
pcDNA3.1 vector and pGpU6/GFP/Neo vector, respectively. The miR-299-3p mimic was purchased 
from RiboBio. qRT-PCR was performed to examine the transfection efficiency.

Cell Counting Kit-8 assay
A 96-well plate was selected, and 2000 tumor cells were cultured in each well. The cells were transfected 
with different vectors and allowed to stand for 48 h. Cell Counting Kit-8 (CCK-8) solution (10 μL; 
Mashiki, Japan) was added to each well, and incubated for 2 h. A microplate reader (Winooski, VT, 
United States) was used to check cell viability.

Colony formation assay
The specific PDAC cells transfected with different plasmids were inoculated into six-well plates and 
incubated at 37°C for 10 d. Tumor cells were fixed for 20 min in methanol after being washed with 
phosphate-buffered saline in triplicate. Cell colonies were stained and counted.

Transwell assay
In migration and invasion assays, PDAC cells were added to resuspension after setting a concentration 
of 105 mL in a serum-free environment. Two hundred microliters of cell suspension was added to the 
upper layer of each Transwell chamber and 600 μL of complete media containing 10% fetal serum was 
added to the lower layer. To set up the invasion analysis phase, the Matrigel layer (BD Biosciences, 
United States) was first applied to the chamber membrane, and the cell suspension was placed on top of 
the transition chamber. A 24-h incubation was followed and the invasive cells were finally fixed and 
monitored and compared in five random fields.

Tumor xenograft experiments
All animal studies were approved by the Ethics Committee for Animal Studies at Shanghai 10th People’s 
Hospital. Specific PANC-1 cells (2 × 106, 200/L) were transplanted subcutaneously to the right side of 
naked male mice aged 4 wk. The condition of the mice was monitored daily and the size of the tumor 
was measured every 5 d. Tumor volume was calculated according to tumor length and length formula 
volume = length through × wide2/2. Twenty days after inoculation, mice were killed and the entire 
tumor removed and weighed.

Immunohistochemical analysis
Mouse tumors were removed for immunohistochemical staining to visualize Ki-67 expression. Paraffin-
embedded sections were prepared and wax removed in 100% xylene, followed by rehydration with 
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various gradients of ethanol and distilled water. The fabric is dyed with a protractor for 1 h at room 
temperature and removed during washing with distilled water. Tissue sections were incubated for 20 
min with secondary antibodies bound to horseradish peroxidase. To facilitate visualization, 3,3’-
diaminobenzidine tetrahydrochloride Ki-67 was selected for positive staining.

Nuclear/cytoplasmic fractionation assay
The PARIS Kit (Life Technologies, United States) was used to isolate RNA from the nucleus and 
cytoplasm. qRT-PCR assays were conducted as described above.

RNA immunoprecipitation assay
RNA immunoprecipitation (RIP) assays were performed by EZ-Magna RNA Immunosuppression Kit 
(Millipore, United States). The cells were collected and resuspended in an immunodeposition buffer and 
kept on ice for 30 min. The cell suspension was incubated with a separate RIP buffer containing 
magnetic beads. Proteinase K was added to the bead state after buffering for further digestion of 
proteins. All RNA was extracted with Trizol and measured with qRT-PCR.

Dual-luciferase activity assay
According to a special combination of software for network prediction starbes 3.0 and NRAV miR-299-
3p (http://starbase.sysu.edu.cn/ b). Other matters according to the V2 specification (enzyme, China), it 
is a rapid mutation reagent for NRAV, and supplementary DNA and mutant miR-299-3p are added to 
psicheck2 (US Promega) (NRAV wild and music) satellite. Paycheck-2 and miR-229-3p plasmid samples 
or miR-229-3p negative control were transferred to PDAC cells. After 48 h, the fluorescent enzyme 
activity of each well was examined by the Promega reporting system. The relative activity of luciferase 
is used for normalization.

Statistical analysis
Statistical analysis was performed using GraphPad Prisma 8.2 (LA Jolla, CA, United States) and SPSS 
22.0 (IBM, Armonk, NY, United States). Student t test was used to compare the differences between the 
two groups and calculate the P value. P < 0.05 was statistically significant.

RESULTS
NRAV was significantly upregulated in PDAC and predicted poor prognosis 
We used GEPIA to determine NRAV expression levels as an online bioinformatics tool for gene 
expression analysis based on the cancer genome database (TCGA)[16]. NRAV expression of PDAC in 
tissues was significantly higher than that in nonmedical tissues (Figure 1A and B). The survival curve 
showed that the total life cycle (P = 0.034; Figure 1D) and disease-free life cycle (P = 0.046; Figure 1E) of 
PDAC patients were decreasing. The data of the TCGA database showed that the level of emotional 
expression was negatively correlated with the level of clinical pathology (Figure 1C). The level of NRAV 
expression in HPDE cells and four PDAC systems was tested. NRAV in the PDAC cell system was 
significantly higher than that in HPDE cells (Figure 1F). Based on these data, we believe that NRAV may 
be a potential carcinogen related to lncRNA.

Knockdown of NRAV inhibited proliferation, migration and invasion of PDAC cells
We studied the biological role of NRAV in the PDAC cell system. We used heterogeneous RNA 
transplantation to reduce NRAV expression in PANC-1 and AsPC-1 cells. qRT-PCR showed a 
significant decrease in expression after NRAV (Figure 2A). After showing the results of CCK-8 tests and 
colony formation, there was a significant reduction after removal of signs of proliferation and abscision 
of PANC-1 and AsPC-1 cells (Figure 2B and C). We performed Transwell analysis to test whether NRAV 
affected metastasis and damage to police cells. Similarly, after the removal of PANC-1 and AsPC-1 cells, 
migration and invasion rates slowed significantly (Figure 2D and E). Knockdown of NRAV inhibited 
proliferation, migration and invasion of PDAC cells.

Overexpression of NRAV promoted PDAC cell proliferation, migration and invasion
High expression of NRAV in BXPC-3 and Mia PaCa-2 cells used to display exogenous particles 
confirmed the effectiveness of the expression (Figure 3A). The CCK-8 test and the product reduction test 
showed that NRAV overexpression significantly supported proliferation and formation of PDAC cells 
(Figure 3B and C). Transwell analysis found that NRAV overexpression significantly increased 
displacement and invasion of Mia PaCa-2 and BXPC-3 cells (Figure 3D and E). Overall, the results 
showed that NRAV promotes proliferation, metastasis and invasion of PDAC cells.

http://starbase.sysu.edu.cn/
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Figure 1 Relative expression of negative regulator of antiviral response in pancreatic cancer tissues and cells and its clinical 
significance. A: The negative regulator of antiviral response (NRAV) expression profile across all tumor samples and paired normal tissues; B: The NRAV 
expression of pancreatic adenocarcinoma in tissues was significantly higher than that in normal pancreas tissues; C: Expression of NRAV in patients divided by 
cancer stages using expression data from The Cancer Genome Atlas (TCGA) database; D: Overall survival analyzed by GEPIA based on the TCGA database; E: 
Disease-free survival analyzed by GEPIA based on the TCGA database; F: Quantitative real-time polymerase chain reaction analysis measured NRAV expression 
level in four pancreatic cancer and normal cell lines. cP < 0.001; dP < 0.0001. PAAD: Pancreatic adenocarcinoma; TPM: Transcripts per million; NRAV: Negative 
regulator of antiviral response; HR: Hazard ratio.

NRAV ablation inhibited tumor growth in vivo
To further investigate whether NRAV supports tumor growth in vivo, PANC-1 cells were injected into 
naked mice treated with sh-NRAV and internal control cells. The tumor volume of the NRAV genotype 
was significantly lower than the negative control volume (Figure 4A and B). Similarly, the mass of the 
tumor in the NRAV group (Figure 4C) was significantly reduced compared to the control group. Ki-67 
was analyzed for lignin content and immunochemical staining. Reduction of NRAV led to a significant 
reduction of Ki-67 and inhibition of tumor growth (Figure 4D and E). Overall, these findings suggest 
that NRAV does not inhibit tumor growth in vivo.

NRAV acted as a molecular sponge for miR-299-3p in PDAC
To study how NRAV plays a catalytic role in PDAC, we used the nuclear/cell separation method to 
determine the location of NRAV in PDAC. Spleen qi was mainly located in cells (Figure 5A), and it can 
exert its biological function as a competitive endogenous RNA[17,18]. We used starbase V3.0 (
http://starbase.sysu.edu.cn/) Interactive Bio information Analysis Software to identify potential 
miRNAs that may interact with genes. miR-299-3p was selected as the tempered target due to potential 
point complementarity (Figure 5B). Rip analysis confirms this point[19]. As shown in Overexpression in 
PDAC cells resulted in significant enrichment of miR-299-3p on ago2 (Figure 5C). The miR-299-3p 
simulator significantly reduced the fluorescence activity of the wild-type NRAV group, while this 
change did not occur in the modified NRAV group (Figure 5D). qRT-PCR showed that expression of 
miR-299-3p in PDAC cells was significantly enhanced after removing the traits (Figure 5E). Spearman’s 
analysis showed that expression of NRAV and miR-299-3p in PDAC tissue was opposite (Figure 5F). 
Therefore, these results suggest that temper may play the role of molecular sponge miR-299-3p.

miR-299-3p reversed the effect of NRAV on PDAC cells
To validate whether NRAV affected proliferation and metastasis of PDAC cells through sponging miR-
299-3p, specific miR-299-3p mimic or mimic NC vector was cotransfected into PDAC cells after overex-
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Figure 2 Knockdown of negative regulator of antiviral response inhibited proliferation, migration and invasion of pancreatic cancer cells. 
A: Quantitative real-time polymerase chain reaction analysis assessed expression of NRAV in PANC-1 and AsPC-1 cells transfected with shNC, shRNA #1 and 
shRNA #2 targeting negative regulator of antiviral response; B: Cell Counting Kit-8 analysis showed that compared with the NC group, NRAV gene knockout 
significantly reduced the proliferation of PANC-1 and AsPC-1 cells; C: The colony formation test showed that NRAV ablation inhibited the colony numbers of PANC-1 
and AsPC-1 cells; D: Transwell assays were performed to measure migration of PANC-1 and AsPC-1 cells; E: Transwell assays were performed to measure invasion 
of PANC-1 and AsPC-1 cells. bP < 0.01; cP < 0.001. NRAV: Negative regulator of antiviral response; sh: Short hairpin; NC: Negative control.
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Figure 3 Overexpression of negative regulator of antiviral response promoted pancreatic cancer cell proliferation, migration and 
invasion. A: Quantitative real-time polymerase chain reaction measured negative regulator of antiviral response (NRAV) expression in Mia Paca-2 and BxPC-3 cells 
transfected with pcDNA3.1 empty vector or pcDNA3.1-NRAV; B: Cell Counting Kit-8  was performed to detect proliferation of Mia Paca-2 and BxPC-3 cells; C: Colony 
formation test showed that NRAV overexpression increased the number of clones of Mia-Paca-2 and BXPC-3 cells; D: Transwell assays were performed to measure 
migration of Mia Paca-2 and BxPC-3 cells; E: Transwell assays were performed to measure invasion of Mia Paca-2 and BxPC-3 cells. aP < 0.05; bP < 0.01; cP < 
0.001. NRAV: Negative regulator of antiviral response.
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Figure 4 Negative regulator of antiviral response ablation inhibited tumor growth in a mouse xenograft models. A: Representative images of 
xenograft tumors after transfection with short hairpin NC or sh-negative regulator of antiviral response (NRAV); B: Tumor volume was measured; C: Tumor weight 
was measured; D: Representative images of hematoxylin and eosin staining for xenograft tumor tissue samples; E: Expression pattern of Ki-67 in the harvested tumor 
tissues was detected by immunohistochemical staining. bP < 0.01. sh: Short hairpin; NRAV: Negative regulator of antiviral response; NC: Negative control.

pression of NRAV. Subsequently, we evaluated the cell proliferation, migration and invasion of PDAC 
cells. miR-299-3p mimic reversed the dramatic promotion by overexpression of NRAV on proliferation 
(Figure 6A and B). Similarly, miR-299-3p mimic inhibited the promoting effects of NRAV overex-
pression on migration and invasion of PDAC cells (Figure 6C and D). These results indicated that miR-
299-3p mediated the promoting effects of NRAV on PDAC cell proliferation, migration and invasion.

DISCUSSION
An increasing number of studies have shown that lncRNAs play an important role in the development 
of various malignant tumors. Recent studies have shown that large amounts of lncRNAs are abnormally 
expressed in PDAC and participate in the tumor process[20,21]. Guo et al[22] found that under hypoxia, 
lncRNAs extract of PDAC UCA1 cells increased to promote angiogenesis. We used the TCGA database 
to identify NRAV in PDAC. We confirmed that the code of good conduct is a key element related to the 
program of action, and that significant progress has been made in the program of action. In addition, in 
PDAC patients, high levels of NRAV expression inhibit overall and disease-free survival. It is worth 
noting that NRAV may participate in PDAC progression.

The specific role of NRAV in oncology is not clear due to increased immunization. Recent studies 
have shown that NRAV expression is significantly increased in liver cancer and myeloma and can play a 
key role in the development of these two tumors[10,23]. To verify the biological function of NRAV in 
PDAC, function loss and acquisition studies were carried out. The results of in vitro experiments showed 
that temper has a major contribution to the migration, invasion and reproduction of PDAC cells. In 
addition, ablation temperament significantly reduced the tumor of the nude mouse model overall, these 
results show that the NRAV plays an important role in promoting cancer and can be used as a new 
biometric index for diagnosis and prediction of diseases caused by PDAC.

To further study the potential mechanism of NRAV, nuclear/cell division experiments were carried 
out in PDAC, and NRAV was mainly in the cytoplasm. Further analysis of the rip report analysis 
showed that NRAV may play the role of miR-299-3p molecular sponge (Figure 7). In addition, the 
stimulation effect of NRAV on malignant tumors in PDAC cells was also proved in the rescue 
experiment. The role of NRAV in promoting progression of PDAC mainly depends on miR-299-3p.

At the beginning of the study, it was emphasized that the significant increase in lncRNA was 
negatively correlated with overall and disease-free survival in PDAC patients. In addition, it also plays a 
carcinogenic role by promoting the proliferation and metastasis of cells in the sponge world. Our 
research shows that NRAV/miR-299-3p play a key role in PDAC and can be used as potential 
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Figure 5 Negative regulator of antiviral response acted as a molecular sponge for miR-299-3p.A: Subcellular fractionation assay was used to 
determine the subcellular localization of NRAV; B: A complementary binding site of NRAV in miR-299-3p was predicted via starBase v3.0 online database; C: RNA 
immunoprecipitation assays were performed to validate whether NRAV could interact with miR-299-3p in MiaPaca-2 and BxPC-3 cells; D: Luciferase reporter assays 
were carried out to verify the direct binding of NRAV and miR-299-3p in MiaPaca-2 and BxPC-3 cells; E: Relative expression of miR-299-3p in AsPC-1 and PANC-1 
cells following knockdown of NRAV; F: Spearman’s correlation analysis between NRAV and miR-299-3p expression in PAAD by the starBase v3.0 project. aP < 0.05; 
bP < 0.01; cP < 0.001. NRAV: Negative regulator of antiviral response; MUT: Mutant; NC: Negative control; WT: Wild-type.

biomarkers for PDAC diagnosis and treatment.
However, because no samples from patients with pancreatic cancer were collected, there was a lack of 

correlation analysis between temperament expression and PDAC clinicopathological features. In 
addition, it is also of great significance to study the significance of NRAV and miR-299-3p in PDAC 
organization.
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Figure 6 miR-299-3p reversed the effect of negative regulator of antiviral response on pancreatic cancer cells. A: Viability of MiaPaca-2 and 
BxPC-3 cells was determined following transfection with pcDNA3.1-NRAV and miR-299-3p mimic by Cell Counting Kit-8 assay; B: Proliferation of MiaPaca-2 and 
BxPC-3 cells was detected by colony formation assay; C: Transwell assays of cell migration was performed in MiaPaca-2 and BxPC-3 cells transfected with 
pcDNA3.1-NRAV and miR-299-3p mimic; D: Transwell assays of cell invasion were performed in MiaPaca-2 and BxPC-3 cells transfected with pcDNA3.1-NRAV and 
miR-299-3p mimic. aP < 0.05; bP < 0.01. NRAV: Negative regulator of antiviral response; NC: Negative control; PBS: Phosphate-buffered saline.
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Figure 7 Negative regulator of antiviral response plays the role of miR-299-3p molecular sponge to promote the progress of pancreatic 
ductal cancer.

CONCLUSION
NRAV can act as a molecular sponge of miR-299-3p and significantly promote the proliferation and 
metastasis of PDAC cells.

ARTICLE HIGHLIGHTS
Research background
Pancreatic ductal adenocarcinoma (PDAC) has high malignancy and poor prognosis. Long noncoding 
RNAs (lnRNAs) are recognized as crucial factors and associated with progression of PDAC. However, 
the specific biological role and practical clinical significance of lnRNAs and negative regulator of 
antiviral response (NRAV) in PDAC remain unclear.

Research motivation
Early and timely diagnosis and treatment of PDAC are still scarce. Therefore, it is a matter of urgency to 
comprehensively understand the pathogenesis of PDAC and explore more effective targets for its 
diagnosis and treatment.

Research objectives
To study the role of NRAV in the growth and metastasis of PDAC.

Research methods
Real-time polymerase chain reaction detected expression of NRAV and miR-299-3p in PDAC cells. The 
temperament correction and miR-299-3p in the process of cell proliferation, metastasis and invasion 
were verified by Cell Counting Kit-8, precipitation test, and Transwell assay. RNA and fluorescent 
enzyme immunoprecipitation test to test the interaction between NRAV and miR-299-3p. Verify the 
interaction between NRAV and miR-299-3p.

Research results
According to our data, NRAV in PDAC was significantly increased, which is related to the negative 
survival rate of PDAC patients. NRAV overexpression was conducive to the proliferation and 
metastasis of PDAC cells, and NRAV knockout reversed these effects. Finally, in terms of mechanism, 
NRAV acts as a miR-299-3p molecular sponge. Overexpression of miR-299-3p significantly changed the 
role of NRAV in the proliferation, metastasis and invasion of PDAC cells.

Research conclusions
NRAV promotes proliferation and metastasis of PDAC by playing the molecule sponge function of miR-
299-3p.

Research perspectives
NRAV facilitated the progression of PDAC, which provides a potential biological marker for diagnosis 
and therapeutic target for PDAC.
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Abstract
BACKGROUND 
Colorectal cancer (CRC) is a common malignant tumor. Alcohol consumption is 
positively correlated with CRC malignant metastasis; however, the mechanism is 
unclear. The interaction between laminin-γ2 (LAMC2) and integrin-β1 (ITGB1) 
plays a role in premetastatic niche signaling, which may induce epithelial mesen-
chymal transformation (EMT) and lead to metastasis.

AIM 
To investigate the effects of alcohol on CRC metastasis from the molecular mecha-
nism of the premetastatic niche.

METHODS 
The interaction between LAMC2 and ITGB1 was measured by Duolink assay, and 
the expression levels of LAMC2, ITGB1 and focal adhesion kinase (FAK), snail, 
fibronectin, N-cadherin and special AT-rich sequence binding protein 1 (SATB1) 
were measured by quantitative real-time polymerase chain reaction, immunohis-
tochemistry and western blotting. Interleukin-1β (IL-1β), tumor necrosis factor-α 
(TNF-α) and IL-6 levels were measured via enzyme-linked immunosorbent assay, 
histopathological assessment via hematoxylin eosin staining, and determination of 
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aberrant crypt foci via methylene blue.

RESULTS 
The lymph node metastasis rate was higher in the alcohol group than non-alcohol group. There 
was a significant increase in interaction signals between LAMC2 and ITGB1, and an increase in 
phosphorylate-FAK/FAK, snail, fibronectin, N-cadherin and SATB1, whereas E-cadherin was 
reduced in the alcohol group compared to the non-alcohol group in both animal and clinical 
samples. Serum IL-1β, TNF-α and IL-6 were higher in alcohol group than in non-alcohol group. 
Alcohol may promote CRC metastasis by influencing the molecular mechanism of the premeta-
static niche.

CONCLUSION 
Our study suggests that alcohol promotes EMT-mediated premetastatic niche formation of CRC by 
activating the early interaction between LAMC2 and ITGB1 and lead to CRC metastasis.

Key Words: Alcohol; Colorectal cancer; Premetastatic niche; Epithelial mesenchymal transformation; 
Metastasis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study indicated that alcohol promotes epithelial mesenchymal transformation-mediated 
premetastatic niche formation of colorectal cancer (CRC) by activating the early interaction between 
laminin-γ2 and integrin-β1 and lead to CRC metastasis.
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INTRODUCTION
Colorectal cancer (CRC) is the third most commonly diagnosed malignancy worldwide[1]. A majority of 
colorectal cancers are associated with the environmental factors such as lifestyle changes including diet, 
obesity, smoking and alcohol consumption[2,3]. It is reported that long-term alcohol consumption is 
associated with an increased risk of CRC metastasis[3]. In the presence of concomitant metastasis, the 
maximum survival rates after surgical intervention do not exceed 20%[4,5]. Therefore, the relationship 
between alcohol consumption and CRC metastasis should be investigated. However, the mechanism 
that the alcohol promotes CRC metastasis has not been clearly explained[6,7].

Accumulating evidence suggests that metastasis develops from disseminated cancer cells that can 
remain dormant, and the dissemination may occur during the early stage of tumor evolution[7,8]. The 
microenvironment around the early disseminated cancer cells, also known as the premetastatic niche[9,
10], may play an important role during the proliferation and migration of disseminated cancer cells in 
the early stage of tumors[11-13]. The extracellular matrix (ECM) is an important part of the premeta-
static niche[14-17].

As an important component of the ECM, laminins are important for adhesion, differentiation, 
migration, and resistance to apoptosis of various cells, including cancer cells[18-21]. Reports have 
indicated that laminins are involved in the formation of the premetastatic niche[22,23]. Laminin-γ2 
(LAMC2), a subunit of laminin-332, has been reported to be an important component in the survival 
dependent environment of epithelial cells in CRC and plays a key role in the regulation of tumor cell 
motility in premetastatic niche formation[24-27]. The interaction between LAMC2 and integrin-β1 
(ITGB1) may stimulate the formation of premetastatic focal contacts by activating the premetastatic 
niche signaling, which promotes the migration of cancer cells[28]. Focal adhesion kinase (FAK) is a 
premetastatic focal contact involved in LAMC2 and β1 integrin signal transduction[29]. Signaling 
cascades triggered by integrin-laminin interactions in cells phosphorylate FAK, which induced 
epithelial mesenchymal transformation (EMT). EMT is a key initiating step during the metastasis and 
invasion of cancer[30,31] and involved in the formation of the premetastatic niche[32,33].

Alcohol consumption may influence the ECM remodeling and thus induce EMT, which may be 
closely related to the premetastatic niche[34]. Therefore, we explore its effect on CRC metastasis from 
the view of the premetastatic niche.
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MATERIALS AND METHODS
Antibodies and reagents
The following antibodies were used: LAMC2 monoclonal antibody (YT5379, Immunoway, United 
States), ITGB1 monoclonal antibody (sc-9970, Santa Cruz, United States), glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) monoclonal antibody (ab125247, ABCAM, United Kingdom), phosphorylate-
FAK (p-FAK)-Y397 (AP0302, ABclonal, Wuhan, China), FAK monoclonal antibody (A11131, ABclonal, 
Wuhan, China), snail monoclonal antibody (ab53519, ABCAM, United Kingdom), E-cadherin polyclonal 
antibody (ab1416, ABCAM, United Kingdom), N-cadherin polyclonal antibody (22018-1-AP, 
Proteintech, United States), fibronectin polyclonal antibody (A16678, ABclonal, Wuhan, China) and 
special AT-rich sequence binding protein 1 (SATB1) polyclonal antibody (A5800, ABclonal, Wuhan, 
China). Secondary antibodies were ab288151 and ab150113 (ABCAM, United Kingdom). Polyvinylidene 
difluoride membranes with a pore size of 0.45 mm (Millipore, United States) were used. RNAEX reagent 
(Accurate Biotechnology, Beijing, China), Evo M-MLV RT Premix (Accurate Biotechnology, Beijing, 
China), SYBR Green Premix Pro Taq HS qPCR Kit (Accurate Biotechnology, China). Interleukin-6 (IL-6), 
IL-1β and tumor necrosis factor-α (TNF-α) enzyme-linked immunosorbent assay (ELISA) kits (Enzyme-
linked Biotechnology Co., LTD, Shanghai, China) were used. Duolink proximity ligation assay (PLA) 
kits (DUO92012, Merck, United States), Duolink PLA Rabbit PLUS (DUO92002, Merck, United States), 
and PLA Mouse MINUS (DUO92004, Merck, United States) proximity probes were purchased from 
Sigma-Aldrich. All above the mentioned antibodies can be used in both in rats and in humans.

Patients and clinical data
A total of 63 patients (26-86 years old) at The First Affiliated Hospital of Guangzhou University of 
Chinese Medicine (Guangzhou, China) from July 2019 to February 2020 was enrolled in this study. The 
baseline characteristics were collected, and data on alcohol consumption were collected at baseline 
using a direct interview method[35]. Participants were asked to answer whether they drank alcoholic 
beverages (“Yes”, “Yes, but not now”, or “No” were the answer options to the question, “Have you ever 
drunk alcohol?”), and for “ever drinkers”, consumption frequency and average quantity of one serving 
over the past year by beverage type was recorded. CRC patients who never drank alcohol were added 
into the non-alcohol group, and CRC patients who drank alcohol over 3 times a week for more than 5 
years were added into the alcohol group. And patients with smoking, family history, blood lipids, 
obesity, and chronic diseases were excluded. The present study was approved by the Ethics Committee 
of First Affiliated Hospital of Guangzhou University of Chinese Medicine [No. Y (2019) 172] and carried 
out in accordance with the “Helsinki Declaration”. All CRC patients have sighed informed consent. 
Patients who received neoadjuvant chemotherapy or radiotherapy or had a history of malignancy were 
excluded. Clinicopathological data including pathological report, sex, age, macroscopic classification, 
tumor location, tumor size, tumor differentiation, lymphatic infiltration and invasion depth were 
collected via medical record. The American Joint Council on Cancer tumor, node and metastasis (TNM) 
staging system is used for the clinical staging of tumors[36].

Animals, induction of CRC and treatments
A total of 32 male Wistar rats, 7 wk old and weighing 200 ± 20 g, were obtained from the Experimental 
Animal Center of Southern Medical University [Certificate of quality: SCXK (Yue) 2016-0041]. All rats 
were housed in cages (25 cm × 30 cm × 30 cm, four rats per cage) under specified-pathogens free 
conditions at 25℃, 40%-60% relative humidity, and a 12-h light/dark cycle in the experimental animal 
center of Guangzhou University of Chinese Medicine. All rats had ad libitum access to standard rodent 
chow and filtered water and were acclimatized for 1 wk prior to the initiation of the experiment. The use 
of laboratory animals was checked by the “Institutional Animal Ethical Committee” and all procedures 
were approved by the Ethics Committee of Guangzhou University of Chinese Medicine, and performed 
according to the “Principles of Laboratory Animal Care” as well as specific national laws where 
applicable. All experimental protocols and handling of the animals followed the guide for the care and 
use of laboratory animals[37].

A total of 32 rats were randomly divided into two groups: the non-alcohol group and the alcohol 
group, with 16 rats in each group. Non-alcohol group: The rats were fed water (10 mL/kg b.wt.) every 
day and from the 6th week on, the rats were administered a subcutaneous injection of 1,2-dimethylhy-
drazine hydrochloride (DMH) at a dose of 30, 35, 25 or 20 mg/kg b.wt. once a week for 12 wk in order 
to induce CRC. Alcohol group (DMH + ethanol): The rats were fed 30% ethanol (10 mL/kg b.wt.) every 
day, and from the 6th week on, they were administered a subcutaneous injection of DMH at a dose of 
30, 35, 25 or 20 mg/kg b.wt. once a week for 12 wk in order to induce CRC. The details of the specific 
modeling method of each group were shown in Figure 1. The blood samples were collected through the 
posterior orbital venous plexus. And the rats were sacrificed by cervical dislocation, then the colons 
were removed and used in further experiments.

Hematoxylin and eosin staining and histological evaluation
All specimens were fixed in 4% paraformaldehyde solution for 24 h and embedded in paraffin and 
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Figure 1 Schematic diagram of animal experimental modeling. DMH: 1,2-Dimethylhydrazine hydrochloride.

processed by standard histological processing techniques. Tissue sections (4-µm thick) were obtained 
from each sample. The hematoxylin and eosin results were observed under a light microscope at 40× 
magnifications (Olympus, BX51) to observe the colonic histology differences by the method of Martin B
[38].

Determination of aberrant crypt foci
Aberrant crypt foci (ACF) were determined according to the method described by Bird et al[39]. Then, 
the formalin-fixed colon was stained with 0.2% methylene blue for 3 min and observed under light 
microscope. The diagnosis of colonic pathology and ACF was performed by two pathologists. The 
number of ACF was counted as described by Sivaranjani et al[40].

Cytokines detection by ELISA
Serum samples of rats were collected, and the inflammatory factors (TNF-α, IL-6 and IL-1β) were 
determined using ELISA kits according to the manufacturers’ instructions. The optical density of the 
colorimetric reaction was measured at 450 nm with a flat microplate reader.

Western blotting
For western blotting, 50 µg of extracted protein was fractionated on a 10% SDS-PAGE gel and then 
transferred to a polyvinylidene fluoride membrane with a 0.45-mm pore size (Millipore, MA, United 
States). The membrane was blocked in 5% milk for 3 h at room temperature and probed with antibodies 
against acetylated LAMC2 (1:1000), integrinβ1 (1:1000), p-FAK (1:1000), FAK (1:1000), snail (1:1000), E-
cadherin (1:1000), fibronectin (1:1000) and N-cadherin (1:1000) at 4℃ overnight. Horseradish peroxide-
conjugated goat anti-rabbit and rabbit anti-mouse was used as the secondary antibodies. FAK and 
GAPDH (1:8000) were used as loading controls. Band intensity was visualized by ChemiDoc TMXRS+ 
(Bio-Rad, United States).

Immunohistochemical staining 
The immunohistochemical (IHC) was performed by the method described in previous studies[41,42], all 
colonic tissue were fixed with 4% paraformaldehyde and paraffin embedded, then thin 4μm sections 
were obtained and deparaffinized in xylene and rehydrated through decreasing grades of alcohol. The 
sections were placed in a 95℃ antigen retrieval solution for 15 min. After cooling the retrieval solutions 
for 20 min at room temperature, the slides were treated with hydrogen peroxide (H2O2) for 10 min to 
block endogenous peroxidase activity. Then, slides were incubated with primary antibodies against 
ITGB1 (dilution 1:100), LAMC2 (dilution 1:500), p-FAK (dilution 1:500), snail (dilution 1:500), E-cadherin 
(dilution 1:100), N-cadherin (dilution 1:800), fibronectin (dilution 1:200), and SATB1 (dilution 1:200) 
overnight at 4℃. The next day, biotin-conjugated secondary antibody and streptavidin-biotin 
peroxidase were applied each for 20 min. 3,3'-Diaminobenzidine tetrahydrochloride was used as the 
substrate, and nuclear contrast was performed using hematoxylin counterstaining. The negative 
controls for IHC are performed with PBS instead of primary antibody. The results were observed under 
a light microscope at 40× magnifications (Olympus, BX51). For quantitative analyses, the IHC images 
were analyzed by Image-Pro Plus 6.0 to calculate the average optical density (AOD), and the following 
equation: AOD = integrated optical density/area.
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Table 1 Primer sequences for quantitative real-time polymerase chain reaction

Gene name Forward (5’>3’) Reverse (5’>3’)

For human

LAMC2 TTCTACAACGATCCGCACGAC GAGTTAAAAGCAGCCCTGGT

ITGB1 CCTACTTCTGCACGATGTGATG CCTTTGCTACGGTTGGTTACATT

FAK GTCTGCCTTCGCTTCACG GAATTTGTAACTGGAAGATGCAAG

Snail CTAGCGAGTGGTTCTTCTGC GTAGTTAGGCTTCCGATTGGG

E-cadherin GACCGGTGCAATCTTCAAA TTGACGCCGAGAGCTACAC

N-cadherin AGCTTCTCACGGCATACACC GTGCATGAAGGACAGCCTCT

Fibronectin GCCTGGTACAGAATA TGTAGTG ATCCCAGCTGATC AGTAGGCTGGTG

SATB1 GTGGAAGCCTTGGGAATCC CTGACAGCTCTTCTTCTAGTT

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

For rats

LAMC2 GTGAAGCTTCCCTGCAAAAC CATTTGGCCCCACGTAGT

ITGB1 TCGAAGGACCACTAGACCTGA TTCCATGGGAACAAAAGGTAA

FAK TTGGGTTGCAAACTATCTCTAGAAC TGGTACAAAACTGGCACAGAA

Snail TTCACATCCGAGTGGGTCTG ACCCACACTGGTGAGAAGCC

E-cadherin AAAGCAGGAAGAAAACACCACTC AAAGGGCACGCTATCAACATTAG

N-cadherin TCAGTGGCGGAGATCCTAC GTGCTGAATTCCCTTGGCTA

Fibronectin TGTCACCCACCACCTTGA CTGATTGTTCTTCAGTGCGA

SATB1 AGATGCAGGGAGTGCCTTTA TGCTCCTCCTTGCAATCATA

GAPDH TGCCCTCATGTTCCTGATAAAT CATTACATCACAGCTTTCCAGG

ITGB1: Integrin-β1; LAMC2: Laminin-γ2; SATB1: Special AT-rich sequence binding protein 1; FAK: Focal adhesion kinase; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase.

Table 2 Number of rats with mucosal pathological tissue changes in different time periods

Adenocarcinoma With lymphatic metastasis
Wk Group n Normal Atypical 

hyperplasia Adenoma Mucosal 
carcinoma

Infiltrating 
carcinoma Metastasis Tumor metastasis 

rate

Non-
alcohol 

8 3 5 0 0 0 0 0.00%17

Alcohol 8 0 6 2 0 0 0 0.00%

Non-
alcohol 

8 0 0 0 6 2 0 0.00%24

Alcohol 8 0 0 0 2 6 3 37.5%

Duolink PLA
The Duolink PLA in situ was used in this study to detect the interaction between LAMC2 and ITGB1 in 
tissue samples, and it was performed as previously described by Bai et al[43]. Briefly, after washing, 
permeabilizing, and blocking as histological analysis, colon sections were incubated with primary 
antibodies against LAMC2 (1:200) and ITGB1 (1:400) overnight at 4℃. Then the slides were incubated 
with Duolink PLA Rabbit MINUS and PLA Mouse PLUS proximity probes for 1 h at 37℃. Ligation and 
amplification were conducted using the Duolink in situ detection reagent kit according to the protocol. 
Images were captured under the light microscope (Olympus, BX51).

RNA extraction and quantitative real-time polymerase chain reaction 
The total RNA was extracted from tissues using RNAEX reagent (Accurate Biotechnology, China). It 
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Figure 2 Alcohol consumption promotes colorectal cancer progression. A: Morphological view of colonic tumors; B: Average tumor number and tumor 
size in each group; C: Colon pathology of different groups (× 400); D: Pathology of colonic lymph node in different groups at the 24th week (× 400); E: Methylene blue 
staining for aberrant crypt foci (ACF) in the sectioned rat colon (× 400); F: Bar graph of ACF with different crypt multiplicity. The bars represent the mean ± SD (n = 8). 
Compared with the non-alcohol group: bP < 0.01, aP < 0.05. ACF: Aberrant crypt foci.



Nong FF et al. Alcohol promotes premetastatic niche formation of CRC

WJG https://www.wjgnet.com 5160 September 21, 2022 Volume 28 Issue 35

Table 3 Baseline characteristics of colorectal cancer patients

Baseline characteristics Alcohol group (n = 29) Non-alcohol group (n = 34) P value

Gender

Male, n (%) 18 (62.1) 16 (47.1)

Female, n (%) 11 (37.9) 18 (52.9)

0.233

Age (yr old)

< 55, n (%) 10 (34.5) 14 (41.2)

≥ 55, n (%) 19 (65.5) 20 (58.8)

0.586

Differentiation

Medium, n (%) 24 (82.8) 30 (88.2)

Poor, n (%) 5 (17.2) 4 (11.8)

0.536

Clinical stage

Stage I-II, n (%) 12 (41.4) 24 (70.6)

Stage III-IV, n (%) 17 (58.6) 10 (29.4)

0.020a

T stage

T1-T2, n (%) 6 (20.7) 12 (35.3)

T3-T4, n (%) 23 (79.3) 22 (64.7)

Tumor metastasis conditions

0.201

Distant metastasis 12 (41.4) 23 (70.6)

Lymphatic metastasis 9 (31) 8 (20.6)

Non-metastasis 8 (27.6) 3 (8.8)

0.046a

aP < 0.05.

was reverse transcribed into cDNA by using Evo M-MLV RT premix (Accurate Biotechnology, China) 
and quantitative real-time polymerase chain reaction (RT-PCR) system (TaKaRa, Japan). Then a SYBR 
Green Premix Pro Taq HS qPCR Kit (Accurate Biotechnology, China) was used for PCR. The PCR liquid 
volume was 20 μL. Quantitative PCR was performed using an RT-PCR system (BioRad, Singapore). At 
95℃, 40 cycles were amplified after 90 s of initial denaturation, 10 s desaturation at 95℃, and 34 s of 
extension at 60℃. GAPDH was used as the reference gene for calculation. And the primer sequences are 
shown in Table 1.

Statistical analysis
The data were described using the mean (standard deviation), median (range), or frequency 
(percentage). An independent-samples t test or the Mann-Whitney U test was applied for the 
comparison between two groups (non-alcohol group and alcohol group). The associations between the 
clinical parameters and immunohistochemical results were analyzed using the χ2 test. Statistical analyses 
were conducted using SPSS version 25.0 for Windows (SPSS, Inc.). Statistical analysis was performed: bP 
< 0.01; aP < 0.05; nsP > 0.05.

RESULTS
Alcohol consumption promoted malignant progression in CRC rats
The total number of ACFs detected in the alcohol group was 70.33 ± 5.16 and 51.6 ± 4.5 in the non-
alcohol group (Figure 2E and F), which implied that alcohol consumption may significantly increase 
considerably raise the risk of precancerous lesions of colorectal cancer (P < 0.05). Furthermore, CRC rats 
in alcohol group had more tumors and larger tumor size was observed in the alcohol group than those 
in the non-alcohol group (Figure 2A and B). Histopathological analysis revealed that at 17th week, 62.5% 
of rats in the non-alcohol group showed atypical hyperplasia, and the other 37.5% showed normal 
colonic tissues. Atypical hyperplasia was seen in 75% of the rats in the alcohol group; however, 25% of 
the rats in the alcohol group had many heteroepithelial cells in the colonic epithelium and one or more 
large nucleoli in the pleomorphic cystic nucleus, indicating a carcinoma adenoma. At the 24th week, 25% 
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Figure 3 Alcohol consumption regulates the expression and interaction of integrin-β1 and laminin-γ2 in animal samples. The bars represent 
the mean ± SD (n = 8). A and B: Quantification of the protein levels of integrin-β1 (ITGB1) and laminin-γ2 (LAMC2) detected by western blotting in animal samples; C 
and D: Quantification of the protein levels of ITGB1 and LAMC2 by immunohistochemical (IHC) in animal samples; E: Quantification of the mRNA levels of ITGB1 and 
LAMC2 by quantitative real-time polymerase chain reaction in clinical samples; F: Statistical analysis of IHC was performed by counting the average optical density 
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(AOD). In Duolink proximity ligation assay (PLA), the brown dot particles observed under the microscope represent the interactions between LAMC2 and ITGB1; G: 
The statistical analysis of PLA positive signals was performed by counting the AOD under a light microscope. Compared with the non-alcohol group: bP < 0.01, aP < 
0.05. ITGB1: Integrin-β1; LAMC2: Laminin-γ2; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; PLA: Proximity ligation assay; IHC: Immunohistochemical 
staining; AOD: Average optical density.

of rats in the alcohol group showed intramucosal carcinoma (mucosal carcinoma), which was charac-
terized by less mucus secretion of colonic epithelial cells, compact and irregular arrangement of 
glandular ducts, and clear invasion of cancer cells into lamina propria in colons. The other 75% of rats in 
the alcohol group had invasive mucosal infiltrating carcinoma (infiltrating carcinoma), which 
manifested as abnormal tubular or mucinous structures invading through the muscularis mucosa or 
deep intestinal wall. In total, 75% and 25% of rats in the non-alcohol group showed mucosal carcinoma 
and infiltrating carcinoma, respectively. We found no lymphatic metastasis in the non-alcohol group, 
while cancer cell infiltration was found in the lymph nodes of the alcohol group and the lymph node 
metastasis rate was 37.5% (Figure 2C and D; Table 2). The abovementioned results indicated that alcohol 
consumption promoted CRC metastasis.

Alcohol consumption increased the expression of LAMC2, ITGB1 and FAK in CRC rats
The protein levels of LAMC2 and ITGB1 measured by western blotting (Figure 3A and B) and IHC 
(Figure 3C and D). The result showed that at both of 17th week and 24th week, the protein levels of 
LAMC2 and ITGB1 in the alcohol group were higher than those in the non-alcohol group (P < 0.05). 
Furthermore, the mRNA levels of LAMC2 and ITGB1 in alcohol group were higher than those in non-
alcohol group at both of 17th week and 24th week (P < 0.05; Figure 3E). In addition, the protein level of 
FAK in the alcohol group was higher than that in the non-alcohol group at the 17th and 24th weeks 
(Figures 4 and 5, P < 0.05). However, there was no significant difference in the mRNA level of FAK 
between the alcohol and non-alcohol group at both of the 17th and 24th week (P > 0.05; Figure 6A).

Alcohol consumption enhanced the early interaction between LAMC2 and ITGB1 in CRC rats
Duolink PLA were used to detect the interaction between ITGB1 and LAMC2, and the red spots 
represent the interactions between LAMC2 and ITGB1. The results revealed that (Figure 3F and G) at 
17th week, more early interacting signals between LAMC2 and ITGB1 were found in the alcohol group 
than that in non-alcohol group. At week 24, the results were consistent with that of week 17. The present 
study suggested that alcohol consumption may enhance the early interaction between LAMC2 and 
ITGB1 in CRC rats.

Alcohol consumption increased the expression of the CRC metastasis marker SATB1 in CRC rats
High expression level of SATB1 significantly influenced the malignant phenotypic characteristics of 
CRC. As shown in Figures 4 and 5, the results of IHC and western blotting indicated that at 17th week, 
the protein level of SATB1 in the alcohol group was higher than that in non-alcohol group, and the 
results of qRT-PCR (Figure 6A) showed that the mRNA level of SATB1 was higher than that in non-
alcohol group.

Alcohol consumption regulates the protein and mRNA levels of EMT-associated markers in CRC rats
EMT is one of the key events that occur during the formation of premetastatic niche[44]. The results of 
western blotting (Figure 4A) and IHC (Figure 5) suggested that at the 17th week, long-term alcohol 
consumption resulted in an increase in the proteins involved in triggering the EMT process including p-
FAK, N-cadherin, fibronectin and snail; however, there was a decrease in E-cadherin in the alcohol 
group. At week 24, the results were similar to those of week 17. In addition, the mRNA levels of FAK, E-
cadherin, N-cadherin, fibronectin and snail were measured by qRT-PCR, and the results were consistent 
with those of protein levels (Figure 6A). The abovementioned results indicated that alcohol 
consumption may abnormally change the expression levels of EMT biomarkers in CRC rats in early 
stage.

Alcohol consumption increased the expression of proinflammatory factors associated with 
premetastatic niche in CRC rats
The results of ELISA (Figure 6B) showed that IL-1β, IL-6 and TNF-α levels in the alcohol group were 
higher than those in the non-alcohol group at week 17. The results at week 24 were consistent with those 
at week 17, indicating that the concentrations of IL-1β, IL-6, and TNF-α were higher in the alcohol group 
than in the non-alcohol group during precancerous lesions, which may be one of the reasons for lymph 
node metastasis in CRC patients in the alcohol group.

The obtained results showed that in early stages of CRC, the contents of IL-6, IL-1β and TNF-α in the 
alcohol group were higher than those in the non-alcohol group. This might be one of the explanations 
for the higher metastatic rate in the alcohol group.
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Figure 4 Quantification of the protein levels of epithelial mesenchymal transformation-related markers in colorectal cancer rats by using 
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western blotting. The bars represent the mean ± SD (n = 3). A: The western blotting images of phosphorylate-focal adhesion kinase (p-FAK), FAK, snail, 
fibronectin, E-cadherin, N-cadherin and special AT-rich sequence binding protein 1 (SATB1) in animal samples; B: Quantification of the protein levels of FAK, p-
FAK/FAK, snail, fibronectin, E-cadherin, N-cadherin and SATB1 in animal samples. Compared with the non-alcohol group: bP < 0.01, aP < 0.05. SATB1: Special AT-
rich sequence binding protein 1; FAK: Focal adhesion kinase; p-FAK: Phosphorylate focal adhesion kinase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

Figure 5 Immunohistochemical staining detected the protein level of epithelial mesenchymal transformation-related markers in colorectal 
cancer rats. The bars represent the mean ± SD (n = 3). A: The images of immunohistochemical (IHC) in animal samples; B: Quantification of the protein levels of 
focal adhesion kinase (FAK), phosphorylate-FAK (p-FAK)/FAK, snail, Fibronectin, E-cadherin, N-cadherin and special AT-rich sequence binding protein 1 detected by 
IHC counting the average optical density. Compared with the non-alcohol group: bP < 0.01, aP < 0.05. SATB1: Special AT-rich sequence binding protein 1; FAK: Focal 
adhesion kinase; p-FAK: Phosphorylate focal adhesion kinase; qRT-PCR: Quantitative real-time polymerase chain reaction; IHC: Immunohistochemical staining; 
AOD: Average optical density.

Baseline characteristics of CRC patients
A total of 63 patients with a preliminary diagnosis of colorectal cancer participated in the trial. 
According to the baseline characteristics and data on alcohol consumption of 63 CRC patients, 29 CRC 
patients who had been drinking alcohol over 3 times each week for more than 5 years were classified in 
alcohol group, while the remaining 34 CRC patients who have never drunk alcohol before were 
classified in non-alcohol group. As shown in Table 3, there are significant differences in clinical stage 
and tumor metastasis (P < 0.05) between alcohol group and non-alcohol group. There were no 
significant differences in sex, age, degree of differentiation or T stage (P > 0.05). The experimental 
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Figure 6 Alcohol consumption regulated the mRNA expression of epithelial mesenchymal transformation-related markers and 
proinflammatory factors in colorectal cancer rats. The bars represent the mean ± SD (n = 8). A: Quantification of the mRNA levels of snail, focal adhesion 
kinase, fibronectin, N-cadherin, E-cadherin and special AT-rich sequence binding protein 1 in each group analyzed by quantitative real-time polymerase chain 
reaction; B: Tumor necrosis factor-α, interleukin-6 (IL-6) and IL-1β levels in each group. Compared with the non-alcohol group: bP < 0.01, aP < 0.05. SATB1: Special 
AT-rich sequence binding protein 1; FAK: Focal adhesion kinase; IL-1β: Interleukin-1β; IL-6: Interleukin-6; TNF-α: Tumor necrosis factor-α.

results were consistent with the results of animal experiments. The degree of tumor deterioration in 
CRC patients in the alcohol group was significantly higher than that in non-alcohol group.
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Alcohol consumption increased the expression and interaction of LAMC2 and ITGB1 in CRC patients
The expression of LAMC2 and ITGB1 in clinical samples determined by IHC (shown in Figure 7C and 
D). In cancer tissues, the mRNA and protein levels of LAMC2 and ITGB1 in alcohol group were 
significantly higher than those in non-alcohol group (Figure 7B). In addition, according to the survival 
analysis of 392 CRC patient samples from the GSE39582 dataset, we explored the prognostic significance 
of LAMC2 and ITGB1. As shown in Figure 7A, the overexpression of LAMC2 and ITGB1 was closely 
related to poor CRC prognosis. The abovementioned results were consistent with the results of animal 
experiments. Alcohol consumption may increase the expression levels and the interaction of LAMC2 
and ITGB1 in CRC patients.

The interactions of LAMC2-ITGB1 are pivotal in CRC progression. Animal experiments revealed that 
more interactions between LAMC2 and ITGB1 were found in the alcohol group than in the non-alcohol 
group in the early stage of CRC. And it has been validated in clinical samples. According to the results 
of duolink PLA (Figure 7E and F), more interacting signals between LAMC2 and ITGB1 were found in 
alcohol group than those in non-alcohol group.

Alcohol consumption influenced the protein and mRNA expression of EMT-associated markers in 
CRC patients
In the animal experiment, we found that alcohol may abnormally change the expression levels of EMT-
associated biomarkers in CRC rats in the early stage. To verify the clinical implications of this finding, 
the levels of EMT biomarkers were detected in clinical samples. The results of IHC (Figure 8A and B) 
showed that there were significant differences in EMT-associated biomarkers (P < 0.01) in cancer tissues 
between the alcohol and non-alcohol group. In cancer tissues, the protein levels of p-FAK, N-cadherin, 
fibronectin and snail were significantly higher in alcohol group was significantly higher than that in 
non-alcohol group; however, the expression of E-cadherin in alcohol group was significantly lower in 
alcohol group than that in non-alcohol group. The qRT-PCR results (Figure 8C) also showed that the 
mRNA levels of N-cadherin, fibronectin and snail in the cancer tissues of alcohol group was higher than 
that in non-alcohol group. The abovementioned findings were consistent with the results of animal 
experiments. The abnormal expression of EMT biomarkers in CRC patients was different from that in 
alcohol group, and the abnormal expression of LAMC2 and ITGB1 was more severe in alcohol group.

Alcohol consumption increased the expression of the CRC metastasis marker SATB1 in CRC patients
In animal experiments, alcohol consumption was found to increase the expression of SATB1 in CRC 
rats. IHC and qRT-PCR were used to evaluate the protein and mRNA levels of SATB1 in clinical 
samples (Figure 8A-C). The obtained results showed that protein and mRNA levels of SATB1 in cancer 
tissues were significantly higher in alcohol group than that in non-Alcohol group. Our results indicate 
that the expression of SATB1 is higher in alcohol group than those in non-Alcohol group, which is 
consistent with the higher metastasis rate of CRC patients who drink alcohol as described by TNM 
staging. The above results suggest that alcohol consumption may up-regulate the expression of SATB1, 
thereby induce the early EMT event and leads to malignant metastasis of the tumor[45].

DISCUSSION
Metastasis is the prominent cause of death in CRC[7]. Chronic alcohol intake has been extensively 
reported to enhance CRC metastasis; nevertheless, the specific mechanism remains unknown. In the 
present study, the results of TNM stage, pathological grade and other clinicopathological parameters 
suggested that the tumor deterioration rate of patients in alcohol group was higher than that in non-
alcohol group, and the results were consistent with previous reports[6,7]. The present study demon-
strated that the metastasis rate in alcohol group was higher than that in non-alcohol group. Similar to 
the clinical results, in animal experiments, the number of ACFs in the alcohol group was significantly 
higher than that in the non-alcohol group, and the pathological evaluation results were similar to the 
ACF screening results, suggesting that the alcohol group had a higher risk of precolonic lesions in CRC 
rats. And the number and size of tumors in the alcohol group were higher than those in the non-alcohol 
group. Lymph node metastasis was found in 37.5% of patients in the alcohol group, while no metastasis 
was found in the non-alcohol group. The present study indicated a higher risk of precancerous lesions 
and malignant metastasis of CRC were found in alcohol group compared with the non-alcohol group. 
Thus, we hypothesized that alcohol may promote the metastasis of CRC, however, the molecular 
mechanism is still unclear.

A key step in the formation of metastasis is the extravasation of circulating tumor cells to distant 
organs and their adaptation to the new environment[46,47]. Thus, the interaction between disseminated 
cancer cells and the microenvironment of the premetastatic niche is necessary for metastasis[10]. 
Primary tumor cells regulate the metastasis by secreting a variety of molecules that promote the 
mobilization and recruitment of various cells to the premetastatic niche and alter ECM protein 
expression and ECM properties in secondary organs[25,48]. The ECM constitutes a scaffold that 
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Figure 7 Alcohol consumption increased the expression and interaction of laminin-γ2 and integrin-β1 in colorectal cancer rats. The bars 
represent the mean ± SD (n = 8). A: Survival analysis of integrin-β1 (ITGB1) and laminin-γ2 (LAMC2) in colorectal cancer; B: The mRNA levels of ITGB1 and LAMC2 
determined by quantitative real-time polymerase chain reaction in clinical samples; C: Representative immunohistochemical (IHC) images of ITGB1 and LAMC2 in 
clinical samples (× 400); D: The quantifications of the protein levels of ITGB1 and LAMC2 determined by IHC in clinical samples; E and F: Duolink proximity ligation 
assay (PLA) verified the interactions between ITGB1 and LAMC2 in clinical samples. The statistical analysis of PLA positive signals was performed by counting the 
average optical density under a light microscope. Compared with the non-alcohol group: bP < 0.01, aP < 0.05. LAMC2: Laminin-γ2; ITGB1: Integrin-β1; qRT-PCR: 
Quantitative real-time polymerase chain reaction; PLA: Proximity ligation assay; IHC: Immunohistochemical staining; AOD: Average optical density. Cancer normal 
group: cancer adjacent tissue group. NP: No statistical difference.

supports the attachment and thus reactivation of survival signaling in cancer cells[16]. And the 
remodeling of ECM is essential during formation of premetastatic niche, which may support cancer cell 
attachment, metabolism and migration of recruited cells[17,18]. Laminin, as an important component of 
the ECM and the main structural component of basement membrane, is involved in the formation of 
pre-metastasis niche[49]. Among them, LAMC2 is an important component of the survival-dependent 
environment of colorectal cancer epithelial cells and plays a key role in the regulation of tumor cell 
motility by premetastatic niche formation[50]. LAMC2 plays a role in premetastatic niche signaling by 
stimulating the formation of premetastatic local contacts and promoting the migration of cancer cells 
through its interaction with ITGB1[51]. It has been reported that the interaction of ITGB1 and LAMC2 
may promote the tumor budding of CRC cells, which leads to malignant metastasis of CRC, and the 
focal adhesion formed by the interaction of LAMC2 and ITGB1 plays an important role in the prognosis 
of CRC. This adhesion is not only the basis of cancer cell survival but is also closely related to the 
migration and metastasis of cancer cells[52]. FAK is involved in LAMC2 and ITGB1 signal transduction, 
and the overexpression of FAK was found to play a key regulatory role in ITGB1-mediated signal 
transduction. As the phosphorylated FAK is activated, it transmits signals to the transcription factor 
snail, thereby inducing EMT[32,33]. The interaction of LAMC2 and ITGB1 and the overexpression of 
FAK were seen as markers of premetastatic niche formation, which may lead to malignant metastasis of 
CRC[52]. According to the results of our study, more interacting signals between LAMC2 and ITGB1, 
and higher level of FAK were found in the alcohol group than those in the non-alcohol group at early 
stage. In addition, the higher ratio of p-FAK/FAK in the alcohol group in the early stage indicates a 
higher degree of FAK activation, which may induce early EMT events and promote CRC metastasis.

CRC metastasis depends on EMT, during EMT, epithelial cells lose the connectivity and top-to-base 
polarity, resulting in a mesenchymal phenotype capability of migration and invasion[32]. There is 
evidence that some cancer cells may acquire the ability to spread and metastasize before they are fully 
malignant, which suggests that EMT may be an early event involving in the metastasis[53]. In addition, 
SATB1 has been found to be associated with early EMT events and can be used as a marker of CRC 
metastasis[54]. SATB1 was found to be a driver of the malignant phenotype in CRC, and its expression 
was shown to be positively associated with invasion depth, poor degree of differentiation and advanced 
TNM stage of CRC. And SATB1 organizes chromatin into spatial rings that provide the necessary 
"docking sites" for further binding of transcription factors and chromatin modifying enzymes[45]. 
SATB1 was found to regulate entire genes, even those located on distant chromosomes[55]. The results 
of the animal experiment suggested that the expression of SATB1 was significantly higher in the alcohol 
group than that in the non-alcohol group during precancerous lesions, which may predict the early 
EMT events.

In addition, there is an increasing evidence that proinflammatory cytokines play an important role in 
the formation of premetastatic niches. Previous studies have shown that the high expression of IL-6 and 
IL-1β may activate ITGB1[56,57] to stimulate the adhesion of bone marrow cells to endothelial cells, 
thereby promote the formation of premetastatic niche, and inducing EMT to promote metastasis[58]. Pal 
et al[55] found that TNF-α induces EMT in human HCT116 cells and promotes colorectal cancer invasion 
and metastasis. According to our study, the levels of the proinflammatory cytokines IL-1β, TNF-α and 
IL-6 in CRC rats in the alcohol group were significantly increased at the early stage of precancerous 
lesions, which may serve as paracrine signals to enhance the proliferation and invasion of early dissem-
inated cancer cells. It may help cancer cells change their phenotypes through EMT to enhance 
metastasis.
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Figure 8 Alcohol consumption influenced the protein and mRNA levels of epithelial mesenchymal transformation -associated markers in 
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colorectal cancer patients. The bars represent the mean ± SD (n = 8). A: Representative immunohistochemical images of phosphorylate-focal adhesion kinase 
(p-FAK), FAK, snail, fibronectin, E-cadherin, N-cadherin and special AT-rich sequence binding protein 1 (SATB1) in different groups in clinical samples (× 400); B: 
Quantification of the protein levels of FAK, p-FAK/FAK, snail, fibronectin, E-cadherin, N-cadherin and SATB1 by counting the average optical density in clinical 
samples; C: Quantification of the mRNA levels of FAK, snail, fibronectin, E-cadherin, N-cadherin and SATB1 by quantitative real-time polymerase chain reaction in 
clinical samples. Compared with the non-alcohol group: bP < 0.01, aP < 0.05. SATB1: Special AT-rich sequence binding protein 1; FAK: Focal adhesion kinase; p-
FAK: Phosphorylate focal adhesion kinase; AOD: Average optical density. NP: No statistical difference.

Figure 9 Schematic diagram of the possible signaling pathway regulated by alcohol. EMT: Epithelial mesenchymal transformation; LAMC2: Laminin-
γ2; ITGB1: Integrin-β1; FAK: Focal adhesion kinase; p-FAK: Phosphorylate focal adhesion kinase.

The EMT event is also a key event involving in the formation of the premetastatic niche[32,33], which 
is almost featuring the loss of E-cadherin expression and overexpression of snail, N-cadherin and 
fibronectin[56,59]. The results of animal experiments suggested that long-term alcohol consumption 
(shown in Figure 9), as a risk factor of CRC, may further activate p-FAK by enhancing the interaction 
between LAMC2 and ITGB1 and forming a premetastatic niche, thus upregulating the expression of 
snail in precancerous lesions. Thus, the expression levels of N-cadherin and fibronectin were increased 
and the expression level of E-cadherin was downregulated, leading to the mesenchymal phenotype of 
cancer cells and colorectal cancer metastasis. This may be one of the reasons for the higher metastasis 
rate of CRC rats in the alcohol group. We found the similar results in clinical samples. The main 
limitation of the clinical study is the relatively small sample size. Larger-scale functional studies are 
required to improve our understanding of the effects of alcohol on the premetastatic niche in CRC. 
However, the obtained results provide some interesting suggestions for future studies with an increased 
sample size. Based on the abovementioned results, the present study demonstrated that alcohol may 
promote the formation of premetastatic niche via enhancing the EMT event mediated by the LAMC2- 
ITGB1 interaction, leading to the high incidence of CRC metastasis in the alcohol group.

CONCLUSION
In summary, the present study attempted to examine the nonspecific effect of alcohol on the premeta-
static niche of colorectal cancer. Our study suggests that alcohol has an effect on the colorectal carcino-
genesis paradigm and may accelerate the malignant metastasis of CRC. The molecular mechanism may 
involve the effect of alcohol on the early EMT-mediated premetastatic niche of colorectal cancer induced 
by LAMC2 and ITGB1 interactions.
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ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is a common malignant tumor.

Research motivation
Alcohol consumption is positively correlated with CRC malignant metastasis; however, the mechanism 
is unclear.

Research objectives
To investigate the effects of alcohol on CRC metastasis

Research methods
The interaction between laminin-γ2 (LAMC2) and integrin-β1 (ITGB1) was measured by Duolink assay, 
and the expression levels of LAMC2, ITGB1 and focal adhesion kinase, snail, fibronectin, N-cadherin 
and special AT-rich sequence binding protein 1 were measured by quantitative real-time polymerase 
chain reaction, immunohistochemistry and western blotting. Interleukin-1β (IL-1β), tumor necrosis 
factor-α and IL-6 levels were measured via enzyme-linked immunosorbent assay, histopathological 
assessment via hematoxylin eosin staining, and determination of aberrant crypt foci via methylene blue.

Research results
Alcohol may promote CRC metastasis by influencing the molecular mechanism of the premetastatic 
niche.

Research conclusions
Our study suggests that alcohol promotes epithelial mesenchymal transformation-mediated premeta-
static niche formation of CRC by activating the early interaction between LAMC2 and ITGB1 and lead to 
CRC metastasis.

Research perspectives
To explore the effect of alcohol on colorectal cancer metastasis.
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Abstract
BACKGROUND 
Hepatic hydrothorax (HH) is an uncommon and difficult-to-manage complication 
of cirrhosis with limited treatment options.

AIM 
To define the clinical outcomes of patients presenting with HH managed with 
current standards-of-care and to identify factors associated with mortality.

METHODS 
Cirrhotic patients with HH presenting to 3 tertiary centres from 2010 to 2018 were 
retrospectively identified. HH was defined as pleural effusion in the absence of 
cardiopulmonary disease. The primary outcomes were overall and transplant-free 
survival at 12-mo after the index admission. Cox proportional hazards analysis 
was used to determine factors associated with the primary outcomes.

RESULTS 
Overall, 84 patients were included (mean age, 58 years) with a mean model for 
end-stage liver disease score of 29. Management with diuretics alone achieved 
long-term resolution of HH in only 12% patients. At least one thoracocentesis was 
performed in 73.8% patients, transjugular intrahepatic portosystemic shunt 
insertion in 11.9% patients and 33% patients received liver transplantation within 
12-mo of index admission. Overall patient survival and transplant-free survival at 
12 mo were 68% and 41% respectively. At multivariable analysis, current smoking 
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[hazard ratio (HR) = 8.65, 95% confidence interval (CI): 3.43-21.9, P < 0.001) and acute kidney 
injury (AKI) (HR = 2.91, 95%CI: 1.21-6.97, P = 0.017) were associated with a significantly increased 
risk of mortality.

CONCLUSION 
Cirrhotic patients with HH are a challenging population with a poor 12-mo survival despite 
current treatments. Current smoking and episodes of AKI are potential modifiable factors affecting 
survival. HH is often refractory of diuretic therapy and transplant assessment should be 
considered in all cases.

Key Words: Cirrhosis; Portal hypertension; Hepatic hydrothorax; Ascites; Liver transplantation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The development of hepatic hydrothorax (HH) in cirrhotic patients continues to be associated 
with a very poor prognosis despite current standards-of-care. In one of the largest series to investigate the 
natural history of patients with hepatic hydrothoraces, a 45-d overall survival rate of 80% and 12-mo 
transplant-free survival of 41% was observed after index hospitalisation with HH. At multivariate analysis, 
current smoking and development of acute kidney injury were both independently associated with 
mortality, and represent important modifiable risk factors.

Citation: Romero S, Lim AK, Singh G, Kodikara C, Shingaki-Wells R, Chen L, Hui S, Robertson M. Natural 
history and outcomes of patients with liver cirrhosis complicated by hepatic hydrothorax. World J Gastroenterol 
2022; 28(35): 5175-5187
URL: https://www.wjgnet.com/1007-9327/full/v28/i35/5175.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i35.5175

INTRODUCTION
Hepatic hydrothorax (HH) is an uncommon but serious complication occurring in patients with 
decompensated cirrhosis. HH is defined as the accumulation of more than 500 mL of transudative 
pleural fluid in a patient with cirrhosis and portal hypertension, where primary cardiopulmonary or 
malignant aetiologies have been excluded[1]. HH has been reported to occur in 5% to 11% of patients 
with cirrhosis, with more than 90% of cases occurring in Child-Pugh B or C disease[1,2]. HH is thought 
to arise from direct passage of fluid from the peritoneal cavity to the pleural cavity through diaph-
ragmatic fenestrations[1]. Nuclear medicine studies, using labelled albumin have confirmed unidirec-
tional passage of fluid from the abdominal to the pleural cavity[3], thus supporting a diaphragmatic 
defect process.

Clinically significant HH develops when accumulation of ascites in the pleural cavity exceeds the 
absorptive capacity of the pleura and patients typically present with shortness of breath, cough, hypoxia 
or chest discomfort[1,3]. Most cases occur in patients with appreciable ascites, however ascites may not 
be a prominent finding in up to 42%[1]. HH is most often unilateral and right-sided (59%-80%), 
however, there are increasing reports of left-sided (12%-17%) or bilateral (8%-24%) involvement[1,4]. 
Similar to the development of spontaneous bacterial peritonitis (SBP) in patients with ascites, patients 
with HH may develop spontaneous infections within the pleural fluid, which are termed spontaneous 
bacterial empyema (SBEM)[3].

The clinical management of HH remains complex and challenging. Treatment priorities in cirrhotic 
patients presenting with a pleural effusion include confirming a diagnosis of HH and excluding 
alternative pathology, relieving symptoms, preventing pulmonary complications and managing the 
underlying ascites. Diagnostic or therapeutic thoracocentesis is typically performed to confirm the 
presence of transudative fluid and to exclude SBEM or alternative pathology[5]. Recently developed 
American Association for the Study of Liver Disease (AASLD) guidelines state that first-line manag-
ement should include sodium restriction and diuresis[6]. It is recognised, however, that 20%-30% of 
patients with cirrhosis and HH will develop persistent or recurrent pleural effusion despite these 
measures[6]. Refractory HH represents a particularly challenging management issue and patients are 
often considered for repeat therapeutic thoracocentesis and transjugular intrahepatic portosystemic 
shunt (TIPS) placement. Liver transplantation (LT) is the definitive treatment for HH, and post-
transplant outcomes are comparable to outcomes for alternative indications[6].
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Currently, there remains a paucity of literature examining the natural history and prognostic 
significance of HH. No randomised controlled trials have been performed in this population and clinical 
guidelines were only published for the first time in 2020[6]. Previous small studies have indicated the 
development of HH is associated with significant morbidity and extremely poor survival in the absence 
of LT[2,7,8]. The aims of this study were to: (1) Evaluate the probability of survival in a cohort of 
patients with liver cirrhosis presenting with HH and to examine factors associated with mortality; and 
(2) Provide a descriptive analysis of the treatments and complications associated with HH treatment 
during hospitalisation.

MATERIALS AND METHODS
Study design and setting
We conducted a multi-centre retrospective cohort study of patients with cirrhosis and HH presenting to 
three Australian metropolitan tertiary hospitals, one of which was a liver transplant centre, over a 9-
year period from 2010 to 2018. Across all study sites, patients with decompensated cirrhosis were 
admitted under a specialist gastroenterology or liver transplant unit. Individual patient management 
was at the discretion of the attending gastroenterologist.

Ethics approval
The Human Research Ethics Committee at Monash Health and Austin Health approved the study as a 
quality assurance activity and the committee provided a waiver for informed consent (RES-19-0000-
343Q).

Study participants
International Classification of Diseases (10th revision) codes for cirrhosis and chronic liver disease (K74, 
K74.6), HH (J 94.8) and pleural effusion (J90, J91) were used to retrospectively identify eligible patients 
with cirrhosis and HH[9]. The study eligibility criteria were: (1) Adult patients ≥ 18 years; (2) A 
confirmed diagnosis of cirrhosis, either biopsy-proven or based on clinical complications of cirrhosis; (3) 
Confirmed diagnosis of pleural effusion, based on imaging (plain X-ray or computed tomography); (4) 
Evidence of portal hypertension, as established by the presence of oesophageal varices, ascites and/or 
thrombocytopenia; and (5) Exclusion of cardiopulmonary or malignant pathology as a cause for the 
pleural fluid collection. Eligible patients were excluded if they had previously undergone LT. Included 
patients were followed for 12-mo from the date of the index admission.

Outcomes
The primary outcomes were 12-mo overall and transplant-free patient survival following index hospital 
admission with HH. Patients were followed-up from the date of first hospital admission with HH to an 
endpoint of death, LT or end of the study period. We report the 12-mo overall survival using the 
endpoint of death, censored for LT; and the 12-mo transplant-free survival using a composite endpoint 
of death and LT. The secondary outcomes included the incidence of specific treatments of HH and 
associated complications and to determine patient-specific prognostic factors associated with mortality.

HH definition and treatment protocols
HH was defined as the presence of a pleural effusion occurring in a patient with liver cirrhosis where no 
alternative aetiology was identified. Each patient was reviewed by a specialist hepatologist to ensure 
that the aetiology of pleural effusion was secondary to HH. Patients were excluded if the pleural 
effusion was felt to be due to primary infection, cardiopulmonary or malignant pathology.

Paracentesis was performed following radiological marking and thoracocentesis was performed by 
an interventional radiologist or the unit treating doctor with ultrasound guidance. In all cases, baseline 
observations were recorded, and the procedure was performed using sterile technique. Intravenous 
albumin (100 mL of 20% concentrated human albumin) was administered after every 2 liters of ascites 
or pleural fluid drained as per institutional protocol. Clinical observations were performed every 30 min 
for the duration of the procedure. Pleural and ascitic fluid was sent for analysis at the discretion of the 
physician performing the procedure according to indication and specimen viability. Where available, 
serum-pleural ascites gradient (SPAG) or serum-ascites albumin gradient values were obtained. SPAG 
greater than 11 g/L is consistent with a transudate[2], and was used to confirm portal hypertensive 
pathophysiology. SBEM was defined as pleural fluid with polymorphonuclear count of > 500 cells/mm3 
or > 250 cells/mm3 with a positive culture, where parapneumonic effusion had been excluded[3]. 
Thoracocentesis without significant fluid drainage (diagnostic aspiration) was not considered in this 
analysis. TIPS insertion was available at all study centres and was performed by interventional 
radiology.

Treatment modalities pertaining to HH were categorized as: (1) Medical therapy with diuretics, 
and/or thoracocentesis; (2) TIPS; and (3) LT. All patients were risk stratified using the model for end-
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stage liver disease (MELD) score which was calculated at the time of presentation for each admission. 
An in-hospital complication was defined as the occurrence of one or more of the following: Infection, 
procedural complication (hematoma, pneumothorax, death), acute kidney injury (AKI, defined as at 
least 1.5-1.9 times baseline or ≥ 26.5 mmol/L increase from baseline[10]), and new-onset acute hepatic 
encephalopathy which was not present on admission.

Data sources
For each patient, baseline demographic data, aetiology of liver disease, comorbidities, medication use, 
radiology results and laboratory results were extracted from electronic medical records. For patients 
with recurrent hospital admissions due to HH during the study period, data was collected for each 
presentation. Death was determined through hospital medical records and confirmed with a patient’s 
Local Medical Officer if required.

Statistical analysis
mean ± SD was used to describe normally distributed continuous data, and median and interquartile 
range (IQR) for data that was significantly skewed. χ2 analysis was used to examine the association 
between categorical variables. For the primary outcome, we used the Cox proportional hazards 
regression survival model to analyze the time of onset of HH to death. The time at risk begins at the first 
admission for HH (the index admission, t0) and patients were censored at the time of LT or study 
conclusion (365 d after t0). For transplant-free survival analysis, we omitted censoring LT and treated the 
transplant date as an outcome event. For each readmission, further clinical data was collected for 
analysis. The model incorporates enduring baseline variables (age, sex, comorbidities, smoking, alcohol 
intake, aetiology of cirrhosis) as well as a number of time-varying covariates (MELD score, AKI, enceph-
alopathy, treatment-related complications, functional status, and TIPS).

From the univariable analyses, we included variables with a P < 0.20 into the multivariable model. 
Through backward elimination steps, we retained covariates with a P < 0.05 and checked the general 
model fit using partial Cox-Snell residuals. We used fractional polynomials to assist parameterization of 
continuous variables. The proportional hazards assumption was tested by examining the Schoenfeld 
residuals. The DFBETA estimates were used to detect influential observations. To validate our findings, 
we conducted bootstrapping of the Cox regression analysis with 1000 replications to generate 
bootstrapped confidence intervals (CIs). All analyses were conducted with STATA 16.1 (StataCorp, TX, 
United States), and a P < 0.05 was considered statistically significant.

RESULTS
Patient characteristics
A total of 246 patients with cirrhosis presenting to hospital with a pleural effusion were identified 
during the study period, of which 162 were excluded as the pleural effusion did not meet the criteria for 
HH. The final analysis included 84 patients who had a total of 167 hospital admissions over the study 
period. The baseline characteristics of the patients are summarized in Table 1. The mean age was 58.3 
years, with only 11% patients over the age of 70, and there was a slight predominance of males. All 
patients had established liver cirrhosis and clinical evidence of portal hypertension. The median MELD 
score at time of hospital admission was 29 (IQR: 25-33). A diagnosis of hepatocellular carcinoma was 
present in 27.4% patients.

Across all hospital admissions, 59% of patients were treated with lactulose (13% variation within 
patients between admissions), 27% of patients were treated with rifaximin (average 12% variation 
within patients between admissions), and 56% of patients were receiving prophylaxis for SBP (average 
12% variation within patients between admissions). Prior to hospital presentation with HH, 93% 
patients were prescribed diuretic therapy, with median furosemide and spironolactone doses of 40 mg 
and 100 mg per day respectively and 70% of these patients were receiving dual diuretic treatment.

HH clinical features and management
The clinical features and management of HH are summarized in Table 2. The majority of the 
hydrothoraces were unilateral on the right side. Of the 167 episodes of HH, 20 (12.0%) were managed 
solely with increased diuretics. Concurrent treatment with diuretics and ascitic fluid drainage was 
commonly performed, with abdominal paracentesis performed during 47 (28.1%) presentations, where 
the median volume of fluid drained was 5 litres. The proportion of patients requiring thoracocentesis, 
abdominal paracentesis and the complications rates were similar for readmissions compared to the 
index admission. However, the dose of diuretics used was higher on readmissions than during the 
index admission.

Thoracocentesis and complications: In total, 115 thoracocentesis procedures were performed in 62 
(73.8%) patients with a median of 3 litres drained per procedure. Thoracocentesis was performed in 53 
of 84 (63%) patients during the index admission. A further 62 thoracocentesis procedures were 
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Table 1 Baseline characteristics of patients with cirrhosis during the index hospital admission for hepatic hydrothorax (n = 84)

Characteristic Statistic

Age, mean ± SD, yr 58.3 ± 11.5

Male, n (%) 46 (54.8)

Diabetes mellitus, n (%) 23 (27.4)

Ischaemic heart disease, n (%) 7 (8.3)

Heart failure, n (%) 4 (4.8)

Chronic obstructive lung disease, n (%) 5 (6.0)

Hepatocellular carcinoma, n (%) 23 (27.4)

Other cancer, n (%) 3 (3.6)

Chronic kidney disease, n (%) 11 (13.1)

Current smoker, n (%) 12 (14.3)

Current alcohol drinker, n (%) 9 (10.7)

Aetiology of liver disease1, n (%)

Hepatitis C virus 25 (29.8)

Non-alcoholic fatty liver 17 (20.2)

Alcoholic liver disease 13 (15.5)

Hepatitis B virus 9 (10.7)

Primary biliary cirrhosis/sclerosing cholangitis 7 (8.3)

Cryptogenic 7 (8.3)

Autoimmune hepatitis 6 (7.1)

Budd-Chiari syndrome 3 (3.6)

Metabolic/others2 7 (8.3)

MELD score, mean ± SD 26.8 ± 7.1

Platelet count, median (IQR), per nL 103 (65-132)

Platelet count < 50/nL, n (%) 9 (10.7)

Anticoagulation, n (%) 6 (7.1)

Previous ascitic taps, n (%) 69 (82.1)

Beta-blockers, n (%) 11 (13.1)

Lactulose, n (%) 34 (40.5)

Rifaximin, n (%) 14 (16.7)

SBP prophylaxis, n (%) 32 (38.1)

1Categories are not mutually exclusive as > 1 aetiology may be attributed to each patient.
2Hemochromatosis, α1-antitrypsin deficiency, sarcoidosis.
MELD: Model for end-stage liver disease; SBP: Spontaneous bacterial peritonitis; IQR: Interquartile range.

performed in 33 of 43 patients who required one or more readmissions. On average, the probability of 
receiving another thoracocentesis was 77% during each readmission episode. Sufficient laboratory data 
to perform pleural/ascitic fluid analysis was available in 31% of procedures. Of these, SBEM was 
detected in 10 (8.7%) thoracocentesis procedures.

Blood products, including pooled platelets, fresh frozen plasma, cryoprecipitate, were administered 
in 29% of patients prior to or following thoracocentesis. Sixteen patients received an indwelling 
intercostal catheter for ongoing drainage rather than simple thoracocentesis in the setting of acute 
instability (n = 4) or refractory disease (n = 12). A pneumothorax complicated 17 (15%) thoracocentesis 
procedures, of which 7 were managed conservatively, 9 required an intercostal catheter insertion, and 1 
patient died. Bleeding complications from thoracocentesis were uncommon and we could not determine 
if blood product infusions (platelets, fresh frozen plasma, cryoprecipitate, or prothrombin complex 
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Table 2 Clinical features of hepatic hydrothorax, management, and complications

Characteristic Index admission (n = 84) Readmissions (n = 83)

NYHA severity of dyspnoea, n (%)

Class I 13 (15.5) 4 (4.3)

Class II 23 (27.4) 37 (39.4)

Class III 28 (33.3) 22 (23.4)

Class IV 20 (23.8) 31 (33.0)

Distribution of hydrothorax, n (%)

Unilateral, left 13 (15.5) 10 (12.1)

Unilateral, right 68 (81.0) 72 (86.8)

Bilateral 3 (3.6) 1 (1.2)

Admission hepatic encephalopathy, n (%) 12 (14.3) 14 (16.9)

De novo hepatic encephalopathy, n (%) 11 (13.1) 10 (12.0)

Thoracocentesis performed, n (%) 53 (63.1) 62 (74.7)

Pneumothorax, n (% of procedures) 6 (11.3) 11 (17.7)

Haematoma, n (% of procedures) 2 (3.8) 1 (1.6)

Pre-procedure platelet infusion, n (%) 11 (13.3) 6 (7.2)

Pre-procedure blood products1, n (%) 18 (21.7) 12 (14.5)

Pleural fluid drained, mean ± SD, litres 2.8 ± 1.7 3.0 ± 1.5

Indwelling intercostal catheter, n (%) 10 (11.9) 8 (9.6)

Infection, n (%) 17 (20.2) 14 (16.9)

Acute kidney injury, n (%) 30 (35.7) 28 (33.7)

Concurrent ascites drainage, n (%) 23 (27.1) 24 (28.9)

Volume drained, mean ± SD, litres 6.0 ± 3.1 5.5 ± 2.1

TIPS performed, n (%) 2 (2.4) 8 (9.6)

Furosemide, n (%)

None 27 (32.1) 9 (10.8)

20 to < 100 mg daily 52 (61.9) 60 (72.3)

100 to 240 mg daily 5 (5.6) 14 (16.9)

Spironolactone, n (%)

None 27 (32.1) 18 (21.7)

25 to < 100 mg daily 15 (17.9) 22 (26.5)

100 to 300 mg daily 42 (50.0) 43 (51.8)

1One or more of fresh frozen plasma, cryoprecipitate, or prothrombin complex concentrate.
NYHA: New York Heart Association; TIPS: Transjugular intrahepatic portosystemic shunt.

concentrate) reduced procedural complications or affected patient survival.

Other complications: One or more non-pleural complications were recorded in 80 (48%) of HH 
admissions. The most frequent complications were AKI in 58 (35%) patients, followed by infection in 31 
(19%) and new-onset hepatic encephalopathy in 21 (13%). The incidence of these complications was 
similar for the index admission and readmissions.

TIPS insertion: Ten (12%) patients received a TIPS insertion, with 2 patients receiving TIPS insertion 
during the index admission, and 8 patients on a readmission. Significantly more females than males 
received a TIPS (21% vs 4%, P = 0.038), but age and MELD score did not differ between patients who 
received TIPS and those who did not. No patient who received a TIPS proceeded to LT within 12 mo of 
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the index admission.

LT: Forty-seven patients (56%) were referred for liver transplant assessment and 28 patients (33%) were 
successfully transplanted in the 12-mo following their index admission. The median time to 
transplantation from the index admission was 105 d (IQR: 55-200 d). The effect of LT on survival could 
not be estimated as there were no deaths amongst the transplanted patients within the study period.

Hospital length of stay and readmissions
The median hospital length of stay was 8 d (IQR: 4-17) for the index admission and 6 d (IQR: 4-14) for 
subsequent hospital readmissions. Within 12-mo of the index admission, 22 (26%) patients had 1 
readmission, 9 (11%) had 2 readmissions, and 12 (14%) had ≥ 3 readmissions. In the 43 patients who 
required readmission, the median time interval between the index admission and the first readmission 
was 32 d (IQR: 12-74 d). The primary reasons for hospital readmissions were recurrent hydrothorax in 
24 (38%) patients and decompensated cirrhosis in 26 (41%). There was strong evidence for an association 
between the New York Health Association (NYHA) functional class of dyspnoea and total number of 
readmissions (χ2 = 46.2, P < 0.001) but the strength of the association was weak (Kendall’s tau-b = 0.11). 
Intensive care unit (ICU) admission was required in 13 (15%) patients during the index admission, and 
10 (12%) of 83 readmission episodes.

Mortality
There were 23 deaths (27.4% of the cohort) within 12-mo of the index admission. The total time-at-risk 
was 17850 patient-days with a mortality rate of 1.3 deaths per 1000 patient-days. The Kaplan-Meier 
survivor functions for overall and transplant-free patient survival are shown in Figure 1. Most deaths 
occurred early after the index admission, with 30-d overall survival of 87% (95%CI: 78%-93%), 45-d 
survival of 80% (95%CI: 70%-87%), and 12-mo survival of 68% (95%CI: 56%-78%). For transplant-free 
survival, the 30-d survival was 85% (95%CI: 75%-91%), 45-d survival of 76% (95%CI: 66%-84%), and 12-
mo survival of 41% (95%CI: 30%-51%). Most deaths were due to complications of end-stage liver disease 
and multiorgan failure (75%) or hepatocellular carcinoma (10%), but a small number were due to 
cardiovascular events (15%). We noted that the mortality rate for current smokers was 5.58 per 1000 
patient-days, compared to non-smokers of 0.86 per 1000 patient-days, giving a mortality rate ratio for 
current smokers of 6.5 (95%CI: 2.5-16.1, P < 0.001).

Univariable and multivariable Cox regression analysis
The results of univariable analyses are summarised in Table 3. Factors consistently associated with an 
increased hazard of death were current smoking, episodes of AKI, higher MELD score, and hepatic 
encephalopathy. In addition, when analysing transplant-free survival, diabetes and TIPS insertion were 
associated with a lower hazard for death or LT while incident pneumothoraces were associated with 
greater hazard.

The results of the multivariable analyses are summarised in Table 4. When examining the overall 
patient survival model, we decided not to include hepatic encephalopathy in the multivariable model as 
there were only 4 cases of severe encephalopathy on admission which were associated with an increased 
risk of death. In the transplant-free survival model, age, diabetes, TIPS and incident pneumothoraces 
were not statistically significant after adjusting for MELD, smoking, AKI, and hepatic encephalopathy. 
There were no significant statistical interactions between variables in the final models, and the models 
were a reasonable fit for the data when assessed by partial Cox-Snell residuals.

Due to the cohort size, we conducted bootstrapped analysis to validate our findings (Table 4). The 
significance of current smoking and AKI remained robust. In the overall survival model, a current 
smoker had 8.7 times the hazard of death of a non-smoker or ex-smoker; and one or more episodes of 
AKI was associated with a 2.9-fold increase in the hazard of death, after allowing for age and MELD 
score. In the transplant-free survival model, a current smoker had 3.1 times the hazard of death of a 
non-smoker or ex-smoker; and AKI was associated with a 2.2-fold increase in the hazard of death; after 
allowing for MELD and hepatic encephalopathy. These findings are represented in Figure 2.

Other analysis
To compare with the traditional Cox model, we also performed a competing risks regression analysis 
(Fine-Gray subdistribution proportional hazards) using the same covariates, with the assumption that 
all patients were on the active liver transplant waiting list. In this analysis, the effect of smoking and 
AKI on survival remained significant, and our conclusions remained unchanged. The subhazard ratio 
(SHR) of smoking on mortality was 6.26 (95%CI: 2.75-14.3), P < 0.001. The SHR of AKI on mortality was 
2.60 (95%CI: 1.25-5.36), P = 0.01. The clear effect of smoking can be illustrated by examining the 
cumulative incidence function for active smokers compared to non-smokers (see Supplementary Figure 
1).

https://f6publishing.blob.core.windows.net/97164cc3-9bac-4cfc-8e41-ab1d1058ba88/WJG-28-5175-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/97164cc3-9bac-4cfc-8e41-ab1d1058ba88/WJG-28-5175-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/97164cc3-9bac-4cfc-8e41-ab1d1058ba88/WJG-28-5175-supplementary-material.pdf
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Table 3 Univariable Cox regression on patient survival to 12 mo

Overall1, 12-mo survival Transplant-free, 12-mo survival
Enduring variables

HR (95%CI) HR (95%CI)

Age, per 5-yr 1.13 (0.94-1.35) 0.95 (0.85-1.07)

Male sex 2.05 (0.84-4.99) 1.68 (0.94-3.00)

Diabetes 0.56 (0.25-1.50) 0.39 (0.19-0.81)

Ischaemic heart disease 2.00 (0.68-5.92) 0.80 (0.29-2.23)

Heart failure 0.86 (0.12-6.38) 0.35 (0.05-2.55)

Chronic obstructive lung disease NE 1.02 (0.32-3.30)

Chronic kidney disease 1.13 (0.38-3.32) 0.82 (0.37-1.83)

Hepatocellular carcinoma 2.11 (0.92-4.81) 1.55 (0.87-2.76)

Hepatitis B 3.36 (1.32-8.53) 1.68 (0.75-3.74)

Hepatitis C 0.81 (0.32-2.05) 1.28 (0.71-2.28)

Alcoholic liver disease 0.76 (0.22-2.55) 0.94 (0.44-2.01)

Non-alcoholic fatty liver 0.51 (0.15-1.73) 0.43 (0.18-1.02)

Current smoking 5.01 (2.15-11.7) 2.27 (1.13-4.56)

Current alcohol intake 0.68 (0.42-1.13) 0.93 (0.68-1.26)

Time varying variables

MELD score, per 5-points 1.28 (0.93-1.77) 1.82 (1.41-2.34)

NYHA functional class 1.14 (0.74-1.75) 1.09 (0.81-1.46)

TIPS procedure 0.37 (0.05-2.83) 0.13 (0.02-0.96)

Acute kidney injury 2.57 (1.13-5.88) 2.36 (1.35-4.11)

Thoracocentesis 0.51 (0.23-1.16) 1.28 (0.70-2.34)

Pneumothorax 2.37 (0.80-7.00) 2.78 (1.39-5.56)

Intercostal catheter inserted 1.56 (0.53-4.62) 1.85 (0.90-3.82)

Admission hepatic encephalopathy

None 1.00 (reference) 1.00 (reference)

Mild 0.75 (0.17-3.25) 1.21 (0.54-2.70)

Severe 11.4 (3.28-39.6) 7.93 (2.36-26.6)

Encephalopathy during admission2 2.30 (0.84-6.32) 3.20 (1.65-6.24)

Any encephalopathy 2.30 (0.97-5.45) 2.21 (1.22-4.03)

1Censored at time of liver transplantation.
2New-onset during admission not present on admission, all episodes were mild.
HR: Hazard ratio; CI: Confidence interval; MELD: Model for end-stage liver disease; NYHA: New York Heart Association; TIPS: Transjugular intrahepatic 
portosystemic shunt; NE: Not estimable.

DISCUSSION
HH remains an uncommon but extremely challenging complication in patients with liver cirrhosis. This 
study represents one of the largest series to analyse the natural history and outcomes of patients with 
HH and to our knowledge, is the first study to examine factors associated with survival in this 
population. We demonstrated that development of HH was associated with poor prognosis despite 
current therapeutic modalities, with a 45-d overall survival of 80% and 12-mo transplant-free survival of 
41%. HH is a refractory disease, and the use of diuretics in isolation was rarely effective in this cohort, 
with 52% of patients experiencing recurrence of HH and rehospitalisation. At multivariable analysis, 
smoking status and the presence of AKI confer significant additional mortality risk.
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Table 4 Multivariable Cox regression on patient survival to 12 mo

Model and variables AHR (95%CI) P value Bootstrap CI P value
Overall survival1

Age, per 5-yr increase 1.30 (1.01-1.67) 0.043 0.91-1.85 0.15

MELD score, per 5 points 1.53 (1.06-1.67) 0.025 0.89-2.66 0.13

Current smoking 8.65 (3.43-21.9) < 0.001 2.54-29.5 0.001

Acute kidney injury 2.91 (1.21-6.97) 0.017 1.04-8.12 0.042

Transplant-free survival

Hepatic encephalopathy 2.00 (1.08-3.67) 0.030 0.93-4.28 0.078

MELD score, per 5 points 1.78 (1.38-2.29) < 0.001 1.31-2.44 < 0.001

Current smoking 3.11 (1.49-6.52) 0.003 1.16-8.30 0.024

Acute kidney injury 2.18 (1.20-3.96) 0.011 1.10-4.31 0.026

1Censored for liver transplantation.
MELD: Model for end-stage liver disease; AHR: Adjusted hazard ratio; CI: Confidence interval.

Figure 1 Kaplan-Meier survival curves. Kaplan-Meier survival curves showing transplant-free survival at 12 mo, with liver transplantation and death treated as 
composite endpoints, and overall patient survival at 12 mo, with patients censored at the time of liver transplantation (ticks on survival curve).

Hospitalisation with symptomatic HH is an uncommon presentation, with 84 patients recruited over 
a 9-year period to 3 metropolitan tertiary hospitals. The majority of patients presented with a right-
sided pleural effusion and concurrent ascites, which is consistent with previous series[1,2,4]. The 
median MELD score of 29 in our cohort highlights that HH typically occurs in patients with advanced 
cirrhosis who often have other decompensating events such as hepatic encephalopathy. The median 
MELD score in our study was higher than that reported in other smaller studies[2,4,11], which may 
reflect use of data from a LT centre.

Patient management in this study aligns with recent AASLD guidelines, which recommend diuresis 
as the first-line therapy[6]. Most patients in our study were receiving diuretic therapy at the time of 
hospital presentation, with 70% receiving 2 diuretic agents, however the median doses of furosemide 
and spironolactone was well below the recommended maximum doses of 160 mg and 400 mg daily 
respectively[1]. Nonetheless, only 12% patients achieved long-term resolution of HH with diuretic 
therapy alone. An important limiting factor in relation to diuretic therapy is the propensity for AKI in 
patients with advanced cirrhosis. AKI was recorded in nearly one-third of presentations, and this was 
associated with a significantly higher risk of mortality. This suggests that diuretic therapy should be 
titrated cautiously in patients with HH with close monitoring of renal function.

There remains no consensus on universal diagnostic thoracocentesis in hospitalised patients with HH. 
In practice, whilst HH may be suspected on the basis of imaging and clinical presentation, thoraco-
centesis is useful to confirm transudative fluid and exclude other causes of a pleural effusion. We 
demonstrated that thoracocentesis in the HH population was associated with a significant higher risk of 



Romero S et al. Prognosis and outcomes in HH

WJG https://www.wjgnet.com 5184 September 21, 2022 Volume 28 Issue 35

Figure 2 Multivariate survival analysis. A: Multivariable Cox regression of overall patient survival (censored for transplantation), showing survival estimates for 
patients with hepatic hydrothorax by smoking and acute kidney injury status, with age and model for end-stage liver disease (MELD) scores held at the mean values; 
B: Bootstrapped pointwise confidence intervals for survival functions by active smoking status, in the absence of acute kidney injury and with age and MELD held at 
the means, demonstrating a robust association between active smoking and mortality in patients with hepatic hydrothorax. AKI: Acute kidney injury.

pneumothorax of 15% compared to the standard pneumothorax risk of 6% in non-cirrhotic populations, 
despite being performed under ultrasound guidance[12]. Shojaee et al[13] reported that repeat thoraco-
centesis in cirrhotic patients was associated with a higher rate of major complications compared to 
thoracocentesis for other aetiologies (8% vs 0%). In addition, Xiol et al[5], observed a pneumothorax rate 
of 25% in cirrhotic patients undergoing serial therapeutic thoracocentesis. Our analysis suggested that 
pneumothorax complications were associated with lower transplant-free survival [hazard ratio (HR) = 
2.78; 95%CI: 1.39-5.56], however this was not significant in multivariable analysis. Other series have also 
suggested that HH requiring thoracocentesis independently confers significant morbidity and increased 
mortality[7,14]. Given the greater complications associated with thoracocentesis in cirrhotic patients, it 
was concerning that 74.7% of patients who were readmitted underwent repeat thoracocentesis. Further 
study is needed to elucidate the cause of the high complication rate and strategies to mitigate this risk. 
For example, it remains unclear if abdominal paracentesis effectively prevents HH recurrence[1].

In relation to other treatment modalities, indwelling intercostal catheter drains are thought to carry 
substantial risk and are not recommended by current guidelines, with some studies observing 
complication rates of 80%-90%[11,15]. In our cohort, an indwelling intercostal catheter was placed in 
19% of patients, most commonly due to respiratory compromise and rapid re-accumulation of pleural 
fluid. In contrast, consideration of TIPS insertion is recommended by AASLD guidelines, based on 
evidence of a 70%-80% response rate in patients with refractory HH[3,6,16-18]. The outcomes following 
TIPS insertion may be comparable to those for management of refractory ascites and although a survival 
benefit in HH has not been established[19], the study by Badillo and Rockey[2] suggests a trend toward 
improved survival in patients proceeding to TIPS. Only 10 (17.9%) of the 56 patients in our cohort who 
were deemed not suitable for LT received TIPS insertion. No overall survival benefit from TIPS insertion 
was demonstrated, but transplant-free survival was higher (HR = 0.13; 95%CI: 0.02-0.96), as no patient 
who had TIPS insertion underwent LT.

Multiple studies have demonstrated that development of HH is associated with a poor prognosis[2,
20,21], but mortality is difficult to compare due to heterogeneity between studies[2,4,11,15,21,22]. Our 
12-mo transplant-free survival of 41%, however, is comparable to the 12-mo mortality of 57% reported 
by Badillo and Rockey[2]. In multivariable analysis, increasing age and MELD score, hepatic enceph-
alopathy, development of AKI and active smoking were important factors independently associated 
with mortality. Given that the majority of deaths in our cohort were observed within 45-d of hospital 
admission and were most frequently due to complications of end-stage liver disease, we would 
advocate that in all patients presenting with HH, the appropriateness of transplantation should be 
considered with early referral for suitable candidates. Indeed, no deaths were recorded in patients who 
received LT, highlighting the successful outcomes of transplantation in patients with HH.

The strong association between smoking and poor outcomes has not previously been reported in 
patients with HH. Our study echoes a growing body of literature demonstrating an association between 
cigarette smoking and poorer outcomes in patients with liver disease[23,24]. Current smokers with 
cirrhosis have up to a 3.6 times higher mortality risk and cigarette smoking has been linked with 
progression of fibrosis in non-alcoholic fatty liver disease[24], hepatitis C and primary biliary 
cholangitis and is associated with an increased incidence of hepatocellular carcinoma[23]. Cigarette 
smoking represents an important modifiable risk factor that should be actively addressed in all patients 
with cirrhosis but appears critical in the HH population.
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Study strengths and limitations
This is one of the largest, multicentre studies to investigate the prognostic significance of HH requiring 
hospitalisation in cirrhotic patients. Study inclusion criteria were broad and pragmatic, and represent 
generalisable real-world data. The Victorian Liver Transplant Centre was established in 1988 and 
currently performs over 100 transplants annually. The cohort had comprehensive assessments by 
gastroenterology specialists to confirm HH, which also assured treatment consistent with current 
standard-of-care practice guidelines. We used multivariable analysis to allow for confounders of 
mortality, and were able to identify smoking as a novel factor associated with significantly lower 12-mo 
survival in patients with HH. This study was able to elucidate the less well-described challenges in HH 
patients, such as need for ICU admission, hospital readmissions, and blood product requirement.

This study is limited by its retrospective design, with the inherent risks of missing information or 
extraction of inaccurate records. Complete pleural fluid analysis was only available in 31% of patients, 
which limited our ability to detect complications such as SBEM. SBEM has been associated in other 
studies with high short-term mortality (20% to 38%)[1]. SBEM was detected in 8.7% of thoracocentesis 
procedures in our study, which is almost certainly an underrepresentation of the true rate and lower 
than a study by Xiol et al[5], which found SBEM was present in 13% of patients with HH on pre-
sentation. Reasons for the low rate of complete pleural fluid analysis included the large number of 
hospital settings in which thoracocentesis was performed (including the emergency department, ICU, 
gastroenterology ward, radiology department or other acute hospital wards) with associated hetero-
geneity in process, incorrect requests for fluid analysis, incorrect tube collection to facilitate fluid 
analysis, clotting of fluid which precluded analysis, emergency procedures due to patient distress or 
instability and thoracocentesis performed prior to a diagnosis of HH being made. This reflects the real-
world nature of the study and pleural fluid analysis rates were similar across all study sites. As such, we 
were not able to determine if specific pleural fluid findings were associated with refractory symptoms, 
rehospitalisation, or poor survival. In addition, factors associated with treatment failure or rehospital-
isation such as compliance with diuretics were difficult to discern. The observational nature of the study 
also limits any causality inferences and eliminates the ability to ensure standardisation, which is partic-
ularly relevant to thoracocentesis technique. We could not exclude the possibility that some patients 
may have been admitted to a non-study hospital, although in practice this would be uncommon, and 
thus readmissions and complications may be underestimated.

In order to assess if TIPS may have provided clinical benefit apart from survival, we examined the 
readmissions, thoracocentesis, or ascitic drainage procedures in patients who received TIPS. Four 
patients had a single readmission post-TIPS, of which 3 occurred < 30 d and one at 6 mo post-TIPS. 
Thoracocentesis was performed in 3 of 4 of these readmitted patients, and ascitic drainage in 1 of 4 of 
these readmitted patients. Due to these low frequencies and different timing of TIPS, we cannot provide 
a meaningful statistical comparison with patients who did not have TIPS.

CONCLUSION
The development of HH is associated with poor transplant-free survival despite current standards-of-
care and should prompt consideration of the appropriateness of LT in all patients. HH is often 
refractory to both conservative and invasive management and patients frequently require repeat hospit-
alisations. Active smoking and AKI may be important modifiable risk factors to reduce mortality in 
cirrhotic patients with HH.

ARTICLE HIGHLIGHTS
Research background
Hepatic hydrothorax (HH) is an important complication of cirrhosis, however management is often 
challenging and the natural history is poorly understood.

Research motivation
HH is a significant complication of cirrhosis, with a paucity of literature studying natural history and 
factors affecting survival.

Research objectives
This study sought to: (1) Evaluate factors associated with survival in a cohort of patients hospitalised 
with HH; and (2) Provide descriptive analysis of treatments, complications and outcomes following HH 
hospitalisation.
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Research methods
Cirrhotic patients with HH presenting to three tertiary centres from 2010 to 2018 were retrospectively 
identified. Patients were followed-up from the date of first hospital admission with HH to an endpoint 
of death, liver transplantation (LT) or end of the study period. The primary outcomes were overall and 
transplant free survival at 12 mo after the index admission. The secondary outcomes included the 
incidence of specific treatments of HH and associated complications and to determine patient-specific 
prognostic factors associated with mortality.

Research results
Only 12% of patients achieved long-term resolution of HH with diuretic therapy alone. 74% of patients 
required thoracocentesis, with 15% of procedures being complicated by pneumothorax. 12-mo 
transplant free survival was 41%. 45-d overall survival was 80%.

Research conclusions
The development of HH is associated with poor transplant-free survival despite current standards-of-
care and should prompt consideration of the appropriateness of LT in all patients. HH is often 
refractory to both conservative and invasive management and patients frequently require repeat hospit-
alisations. Active smoking and acute kidney injury may be important modifiable risk factors to reduce 
mortality in cirrhotic patients with HH.

Research perspectives
This study represents one of the largest series examining survival in persons hospitalised with HH, and 
importantly has identified modifiable risk factors that may alter the natural history in this challenging 
patient population.
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Abstract
BACKGROUND 
The microbes and metabolomics of microbiota dysbiosis in the gut in the different 
phases of hepatitis B virus (HBV) infection are not fully understood.

AIM 
To investigate the specific gut microbiota and metabolites of the immune-tolerant 
(IT) and immune-active (IA) phases of chronic hepatitis B (CHB).

METHODS 
Clinical fecal samples from healthy individuals and patients in the IT and IA 
phases of HBV infection were collected. Next, non-target metabolomics, bioinfor-
matics, and 16S rDNA sequencing analyses were performed.

RESULTS 
A total of 293 different metabolites in 14 phyla, 22 classes, 29 orders, 51 families, 
and 190 genera were identified. The four phyla of Firmicutes, Bacteroidetes, 
Actinobacteria, and Proteobacteria were the most abundant, accounting for 99.72%, 
99.79%, and 99.55% in the healthy controls, IT-phase patients, and IA-phase 
patients, respectively. We further identified 16 genera with different richness in 
the IT phase and IA phase of HBV infection. Of the 134 named metabolites, 57 
were upregulated and 77 were downregulated. A total of 101 different metabolic 
functions were predicted in this study, with 6 metabolic pathways having the 
highest enrichments, namely carbohydrate metabolism (14.85%), amino acid 
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metabolism (12.87%), lipid metabolism (11.88%), metabolism of cofactors and vitamins (11.88%), 
xenobiotic biodegradation (9.9%), and metabolism of terpenoids and polyketides (7.92%).

CONCLUSION 
These findings provide observational evidence of compositional alterations of the gut microbiome 
and some related metabolites in patients with IT-phase or IA-phase HBV infection. Further studies 
should investigate whether microbiota modulation can facilitate the progression of CHB and the 
cause-effect relationship between the gut microbiota and CHB.

Key Words: Microbes; Metabolomics; Gut microbiota; Immune-tolerant phase; Hepatitis B virus

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This article provided observational evidence of compositional alterations of gut microbiome and 
some related metabolite in patients with immune-tolerant phase hepatitis B virus (HBV) infection and 
immune-active phase HBV infection.
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INTRODUCTION
As a disease of public health significance, hepatitis B often leads to liver cirrhosis or hepatocellular 
carcinoma (HCC). Currently, there are few effective treatments and strategies for eliminating hepatitis B 
virus (HBV) infection. The immune-tolerant (IT) phase is the first stage of HBV infection, and recent 
studies suggest that HBV-infected patients in this phase suffer from a high risk of HCC and death[1-3]. 
However, anti-HBV treatment is not generally recommended at this stage. The IT status of patients 
largely determines the patients’ outcomes. Thus, the identification of factors that affect the consequences 
of HBV infection is crucial for eliminating this disease.

Recent studies indicate that the gut microbiota is involved in chronic hepatitis B (CHB) as well as 
other liver diseases[4-6]. Some commensal bacteria regulate the host metabolic pathways by improving 
food-derived energy or modulating the host-derived compounds that alter metabolism[7-9]. In addition, 
there are various gut microbiota in patients with CHB, hepatitis B-related liver cirrhosis, or HCC[10-12]. 
To date, information about the gut microbiota in patients at the initial phase of HBV infection remains 
largely unknown. We believe that studies on the gut microbiota of HBV-infected patients in the IT phase 
would help to elucidate the underlying mechanism of HBV IT as it will provide valuable information 
about the immune environment for HBV and its long-term existence.

Most studies on the microbiome have been cross-sectional with samples collected at a single time 
point, and only some studies have been performed with samples from different stages of HBV infection
[12-15]; moreover, few comparisons of HBV-infected patients and healthy individuals have been carried 
out in these studies. CHB patients may develop recurrent active hepatitis, while the IT phase may 
change into the immune-active (IA) phase at a later stage in patients[16], which can lead to a substantial 
change in the composition of the gut microbiota. Therefore, understanding how the gut microbiota 
change from the IT phase to the IA phase will be important for the development of potential 
microbiome-targeting therapeutic drugs to combat HBV infection. Furthermore, this dynamic variation 
in gut microbiota in HBV-infected patients may help us to identify unique bacterial taxa that would 
contribute to postponing disease progression.

The present study focused on the dynamic profiles of the gut microbiota in IT-phase patients and IA-
phase HBV-infected patients without liver fibrosis by 16S rDNA sequencing and analysis. We aimed to 
identify changes of bacteria involved in the transition from the IT phase to the IA phase in HBV-infected 
patients and to illustrate the regulation of both microbiota and metabolites. The results will provide a 
new perspective for the noninvasive diagnosis and treatment of IT-phase HBV-infected patients.
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MATERIALS AND METHODS
Recruitment of participants
HBV-infected patients in the IT phase or the IA phase were recruited from The First Affiliated Hospital 
of Fujian Medical University from January 2018 to December 2020. All HBV-infected patients were at 
least 18-years-old, hepatitis B surface antigen positive for ≥ 6 mo, and hepatitis B virus e-antigen 
positive; moreover, the IT patients had a normal alanine aminotransferase level (< 40 IU/L), HBV DNA 
> 1 million IU/mL, and no fibrosis found by FibroScan analysis[17]. The IA patients had an HBV DNA 
serum concentration of > 20000 IU/mL as well as elevated alanine aminotransferase and/or aspartate 
aminotransferase levels[17]. However, patients who suffered from other non-HBV diseases/infections 
were excluded from the study. Samples from healthy volunteers were blindly collected, and participants 
who had received antiviral therapy, immunotherapy, probiotics, or antibiotics within 8 wk before 
enrollment were excluded. Verbal informed consent was provided by all participants. The experimental 
protocol and participant enrollment procedure were approved by the Ethics Review Committee of the 
university and were conducted according to the Declaration of Helsinki guidelines.

Clinical measurements
Liver stiffness measurements were conducted using a FibroScan instrument. Measurements with more 
than ten successful acquisitions were obtained (with a rate > 60% and an interquartile range < 30%). In 
addition, the alanine aminotransferase, aspartate aminotransferase, glutamyl transpeptidase, total 
bilirubin, albumin, globulin, and alpha-fetoprotein levels were measured. HBV serological testing was 
performed with the Architect platform (Abbott Laboratories, Chicago, IL, United States). HBV DNA was 
tested by a quantitative PCR assay (PG Company, Shenzhen, China).

Sampling, DNA extraction, and PCR
Fecal samples were obtained from all participants, filtered with a 2-mm sieve to remove interferents, 
and then stored at -80 °C for the following experiments. Total bacterial DNA extraction was performed 
with a PowerSoil DNA Isolation Kit (MoBio Laboratories, Carlsbad, CA, United States), and the purity 
and quality of the genomic DNA were checked by electrophoresis on 0.8% agarose gels. The V3-4 
hypervariable region of bacterial 16S rDNA was amplified by previously reported conserved primers: 
338F (5’-ACTCCTACGGGAGGCAGCAG-3’) and 806R (5’-GGACTACHVGGGTWTCTAAT-3’)[18]. For 
each sample, the 10-digit barcode sequence was added to the 5’-end of the forward and reverse primers 
(provided by Allwegene Company, Beijing, China). The PCR was carried out on a Mastercycler 
Gradient (Eppendorf, Germany) using a reaction volume of 25 μL, containing 12.5 μL of KAPA 2G 
Robust Hot Start Ready Mix, 1 µL of forward primer (5 µmol/L), 1 µL of reverse primer (5 µmol/L), 5 
µL of DNA (total template quantity of 30 ng), and 5.5 µL of H2O. The cycling parameters were 95 °C for 
5 min, followed by 28 cycles of 95 °C for 45 s, 55 °C for 50 s, and 72 °C for 45 s, with a final extension at 
72 °C for 10 min.

Three PCR products per sample were pooled to mitigate reaction-level PCR biases. The PCR products 
were purified using a QIAquick Gel Extraction Kit (QIAGEN, Germany), quantified using real-time 
PCR, and sequenced at Allwegene Company, Beijing, China. Deep sequencing was done with the Miseq 
platform at the Allwegene Company (Beijing, China). The raw data were first screened, and sequences 
were removed from consideration if they were shorter than 200 bp, had a low quality score (≤ 20), 
contained ambiguous bases, or did not exactly match the primer sequences and barcode tags. Qualified 
reads were separated using the sample-specific barcode sequences and trimmed with Illumina Analysis 
Pipeline Version 2.6. Thereafter, the dataset after cleaning was analyzed using the Quantitative Insights 
into Microbial Ecology (QIIME) platform.

All sequences were clustered into operational taxonomic units (OTUs) at a similarity level of 97%[19] 
to generate rarefaction curves. The Ribosomal Database Project classifier tool was used to analyze 
different taxonomic groups[20]. The Venn diagram was built by the R package program. Shared taxa 
presented in all groups were defined as the core microbiota. Clustering analysis and principal 
component analysis were performed by using the R package, as described previously[21]. The evolution 
distances were analyzed with the unweighted pair group method and an arithmetic mean clustering 
tree[22]. Heatmaps of the top 20 OTUs were generated using Mothur, as described in a previous study
[23].

Metabolic pathway and non-target metabolomics
Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) analysis 
based on the 16S rDNA was performed. The OTU table derived from QIIME was compared using the 
Kyoto Encyclopedia of Genes and Genomes and MetaboAnalyst (http://www.metaboanalyst.ca/) 
databases, and the metabolic function of the gut microbiota was predicted based on the findings. The 
abundances of functional genes were visualized as heatmaps by the R package.

For metabolite extraction, a 10-μL aliquot of each sample was mixed with 990 μL of the extraction 
solvent (acetonitrile/methanol/water, 2:2:1), and the mixture was vortexed for 30 s, incubated at -20 °C 
for 1 h, and then centrifuged at 12000 rpm and 4 °C for 15 min. Finally, the supernatant was diluted 10 

http://www.metaboanalyst.ca/
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times for ultra-high-performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS) 
analysis[24]. UHPLC separation was performed on an Agilent 1290 Infinity II series UHPLC system 
(Agilent Technologies). Mobile phase A included both 10 mmol/L ammonium formate and 10 mmol/L 
ammonia, while mobile phase B was acetonitrile. The temperatures for the column and the autosampler 
were set at 35 °C and 4 °C, respectively[25].

Statistical analysis
One-way analysis of variance was performed to compare continuous variables between two groups. The 
Wilcoxon signed rank test, Kruskal–Wallis test, χ2 test, or Student’s t test was used to compare 
categorical variables between groups. All statistical analyses were calculated either in the R package 
(version 3.6.1) or SPSS (version 26.0). P values less than 0.05 were considered as significant differences.

RESULTS
Overview of gut microbial community shift in patients
To differentiate the characteristics of the gut microbiota in IT-phase HBV-infected patients, IA-phase 
HBV-infected patients, and healthy individuals, 16S rDNA gene sequencing was performed on the stool 
samples from 14 IT-phase HBV-infected patients, 10 IA-phase HBV-infected patients, and 13 healthy 
donors (Table 1). A total of 1521813, 411189, and 1109236 sequences were acquired for the IT, IA, and 
healthy groups, respectively, after excluding low-quality reads. A total of 19556 clean tags were 
obtained, of which 824 OTUs were matched. After applying strict trimming criteria to exclude low-
quality clean tags, the numbers of OTUs for healthy individuals, IT-phase patients, and IA-phase 
patients were 633, 662, and 489, respectively, as shown in Table 2. A total of 95, 132, and 27 OTUs 
existed independently in the healthy controls, IT-phase patients, and IA-phase patients, respectively 
(Figure 1). There were no significant differences in the Chao1, Shannon, and Simpson indices among the 
IT, IA, and healthy groups (all P values > 0.05, Table 2). The bacterial communities in the healthy 
individuals were relatively more heterogeneous than those found in the IT- or IA-phase patients. The IT 
and IA patients could be separated from the healthy individuals by non-metric multidimensional 
scaling and principal component analysis (Figure 2A and B). Partial least squares discriminant analysis 
showed structural differences in the gut bacterial community structure among the groups, indicating 
that the classification model was effective (Figure 2C).

Predominant bacteria at different levels
To show the abundance of bacteria of all fecal samples, 14 phyla, 22 classes, 29 orders, 51 families, and 
190 genera were identified, and the dominant gut microbiota are shown in Supplementary Table 1 and 
Figure 3. The four phyla of Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria were the most 
abundant, accounting for 99.72%, 99.79%, and 99.55% in the healthy controls, IT-phase patients, and IA-
phase patients, respectively. In detail, the highest relative abundance of Actinobacteria, which reached 
7.32%, was found in the healthy group. Meanwhile, compared with the healthy control and the IA-
phase patients, the IT patients had the highest abundance of Bacteroidetes (33.27%). The IT-phase patients 
had less Firmicutes (61.00%) and Actinobacteria (2.71%) than the IA-phase patients. Clostridiales, Bacter-
oidales, Selenomonadales, Bifidobacteriales, Coriobacteriales, Erysipelotrichales, Lactobacillales, and Enterobac-
teriales were the most abundant bacteria at the order level in all three groups.

For the genus level, an abundance of Bacteroides (16.19%), Prevotella 9 (9.04%), and Megamonas (7.66%) 
was found in the IT-phase patients. However, Blautia (19.20%) and Faecalibacterium (12.68%) were 
enriched in the IA-phase patients. Interestingly, the healthy groups had more Eubacterium rectale 
(6.69%), Eubacterium hallii (4.03%), Bifidobacterium (3.87%), and Dorea (3.23%). In addition, Faecalibac-
terium and Blautia accounted for a high proportion in the IA-phase patients; these bacteria are involved 
in butyrate short-chain fatty acid metabolism and inhibit inflammation.

Linear discriminant analysis effect size analysis to identify specific microbial taxa related to IT and IA 
patients
Linear discriminant analysis (LDA) effect size modeling was applied to identify specific bacterial taxa 
associated with different stages of CHB (Figure 2D and E). There were markedly significant differences 
in the community compositions in CHB patients compared with the healthy individuals. There were 12 
and 6 significantly different taxa in the IT- and IA-phase patients, respectively. The five most enriched 
genera in the IT-phase patients were Senegalimassilia (LDA score = 4.38, P < 0.05), Prevotella 2 (LDA score 
= 4.24, P < 0.01), Alloprevotella (LDA score = 4.09, P < 0.05), Sutterella (LDA score = 3.67, P < 0.001), and 
Haemophilus (LDA score = 3.58, P < 0.05). The four most enriched genera in the IA-phase patients 
included Blautia (LDA score = 4.78, P < 0.01), Faecalibacterium (LDA score = 4.51, P < 0.05), Clostridium 
innocuum group (LDA score = 4.23, P < 0.01), and Faecalitalea (LDA score = 3.76, P < 0.05) (Supple-
mentary Table 2). These significantly different gut microbial taxa can be used as potential noninvasive 
biomarkers for the diagnosis of different immune phases of infection in CHB.

https://f6publishing.blob.core.windows.net/da4a50bc-09a9-4666-8187-bc6496f853d4/WJG-28-5188-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/da4a50bc-09a9-4666-8187-bc6496f853d4/WJG-28-5188-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/da4a50bc-09a9-4666-8187-bc6496f853d4/WJG-28-5188-supplementary-material.pdf
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Table 1 Basic information and clinical characteristics of healthy individuals, immune-tolerant phase hepatitis B virus infection patients, 
and immune-active phase hepatitis B virus infection patients

Characteristic H, n = 13 IT, n = 14 IA, n = 10 P value

Sex, M/F 9/4 9/5 7/3 0.949

Age in yr 26.4 ± 0.8 26.9 ± 5.8 36.2 ± 11.3 0.004

HBsAg as log10 IU/mL NA 4.62 ± 0.18 3.83 ± 0.81 < 0.001

HBeAg as log10 S/Co NA 3.18 ± 0.08 1.21 ± 1.70 < 0.001

HBV DNA as log10 IU/mL NA 7.81 ± 0.80 6.28 ± 1.70 < 0.001

AFP in ng/mL 2.06 ± 0.82 2.49 ± 1.05 22.61 ± 40.82 0.045

TBIL in μmol/L 5.9 ± 3.1 12.7 ± 5.3 19.5 ± 9.2 < 0.001

ALB in g/L 48.8 ± 3.5 45.8 ± 2.9 43.0 ± 4.9 0.002

GLO in g/L 24.4 ± 4.0 26.6 ± 4.4 29.3 ± 4.3 0.017

ALT in U/L 22.0 (18.0, 29.0) 29.5 (23.7, 33.0) 277.5 (101.5, 410.8) < 0.001

AST in U/L 16.0 (12.0, 22.0) 23.0 (19.5, 27.8) 111.0 (67.0, 143.5) 0.006

GGT in U/L 25.7 ± 11.5 18.5 ± 9.4 72.7 ± 64.9 0.001

TBA in μmol/L 2.3 (1.9, 3.4) 5.6 (4.2, 8.4) 13.9 (5.5, 31.1) 0.012

LSM in kPa 4.99 ± 0.99 5.11 ± 1.01 6.38 ± 0.72 0.026

H: Healthy; IT: Immune-tolerant; IA: Immune-active; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B virus e-antigen; HBV: Hepatitis B virus; AFP: 
Alpha-fetoprotein; TBIL: Total bilirubin; ALB: Albumin; GLO: Globulin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma 
glutamyl transpeptidase; TBA: Total bile acid; LSM: Liver stiffness measurement; M: Male; F: Female; NA: Not available.

Table 2 Species richness indices in the fecal samples

Group Healthy controls, n = 14 IT phase HBV infection, n = 13 IA phase HBV infection, n = 10 P value

OTUs 633 662 489

α-diversity indexes, median

Chao1 264.310 233.825 227.000 0.924

Shannon 5.020 4.720 4.705 1.739

Simpson 0.940 0.885 0.915 1.666

IT: Immune-tolerant; IA: Immune-active; HBV: Hepatitis B virus; OTUs: Operational taxonomic units.

Furthermore, the Wilcoxon and Kruskal-Wallis rank sum tests showed the abundance at different 
taxonomic levels with P < 0.05 and FDR q < 0.1 (Supplementary Table 3). The top 20 gut microbiota at 
the genus level consisted of Bacteroides, Prevotella 9, Megamonas, Blautia, Faecalibacterium, Roseburia, 
Fusicatenibacter, Anaerostipes, Prevotella 2, Ruminococcus 2, Phascolarctobacterium, Alloprevotella, Bifidobac-
terium, Subdoligranulum, Dialister, Eubacterium rectale, Eubacterium eligens, Dorea, Eubacterium hallii, and 
Streptococcus. Moreover, the shared species between the significantly different gut microbiota and the 
top 20 gut microbiota were Blautia, Faecalibacterium, Fusicatenibacter, Prevotella 2, Alloprevotella, and 
Eubacterium hallii group, which might be highly associated with the outcomes of CHB in different 
phases. The differences found in this study revealed the dysbiosis involved in the development of CHB 
and the aberrant ecological networks of microbial communities during infection.

Longitudinal analysis of patients in the IT phase of HBV infection
Longitudinal follow-up analysis showed that 3 patients progressed from the IT phase to the IA phase 
and required medical treatments. The change in the microbiota of these 3 patients during treatment was 
studied. The abundance of Firmicutes and Actinobacteria increased, while the abundance of Bacteroidetes 
and Proteobacteria decreased at the phylum level (Figure 4A). Moreover, Bacteroides, Alistipes, and 
Bilophila were mostly abundant in the IT phase, while Actinomyces, Adlercreutzia, and Streptococcus were 
more abundant in the IA phase (Figure 4B and C). A decreased ratio of Bacteroidetes to Firmicutes was 
observed, which might be involved in inflammatory disorders in the IA phase.

https://f6publishing.blob.core.windows.net/da4a50bc-09a9-4666-8187-bc6496f853d4/WJG-28-5188-supplementary-material.pdf
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Figure 1 Operational taxonomic units in healthy controls, immune-tolerant phase patients, and immune-active phase patients. IT: Immune-
tolerant; IA: Immune-active; H: Healthy.

Microbial functional dysbiosis in IT and IA patients and co-occurrence network analysis
To identify the bacterial functional alteration in IT and IA patients, we analyzed the functional potential 
of gut microbiota with PICRUSt analysis. A total of 101 different metabolic functions were predicted in 
this study, with 6 metabolic pathways having the highest enrichments, namely carbohydrate 
metabolism (14.85%), amino acid metabolism (12.87%), lipid metabolism (11.88%), metabolism of 
cofactors and vitamins (11.88%), xenobiotic biodegradation (9.90%), and metabolism of terpenoids and 
polyketides (7.92%). In addition, the functional roles of the bacteria were highly related to infectious 
diseases, including bacterial infection (50.00%) and parasitic infection (33.33%) as well as cardiovascular 
disease (10.00%) and neurodegenerative disease (10.00%) (Supplementary Table 4). The parasitic 
infectious disease-related gene subgroups (P = 0.03) in the IA-phase patients were highly enriched 
(Figure 5). The cell motility-related genes were highly enriched in the IA-phase patients (Figure 5A), 
while the transport and catabolism-related genes (P = 0.03) were significantly enriched in the IT-phase 
patients. However, signal transduction-related genes were significantly enriched in the healthy controls 
(P < 0.01) (Figure 5B). The replication repair-related genes and digestive system-related genes in the IT-
phase patients were more abundant than in the other groups, but the difference between the three 
groups was not statistically significant (Figure 5C and E). Moreover, the digestive system disease-
related gene subset (P = 0.02) was highly enriched in the IT-phase patients (Figure 5D). Genes that are 
related to the amino acid metabolism glycosyl biosynthesis cofactors and vitamin metabolism were 
more enriched in the IT-phase patients than in the healthy controls (P < 0.01) (Figure 5F). These 
observed results suggested that changes in the bacterial composition can significantly alter gene 
function, which may contribute to the development of CHB.

As shown in the co-occurrence network analysis using Cytoscape software (Supplementary Figure 1), 
five genera (Dorea, Bifidobacterium, Bacteroides, Blautia, and Romboutsia) were highly positively 
correlated. Dorea and Bifidobacterium exhibited the highest degree of linkage, while Dorea and 
Bacteroides had the least degree of linkage.

Non-target metabolomics analysis
A total of 293 substantially different metabolites were identified, among which 134 metabolites had an 
MS2.name provided by the mass spectrometry qualitative matching analysis. A total of 57 metabolites 
were upregulated, while 77 were downregulated. The different metabolites are shown in Supple-
mentary Table 5.

DISCUSSION
To date, there are limited studies showing the role of dysbiosis of the gut microbiota in HBV-infected 
patients during the different immune phases of infection. This study revealed the profiles of the gut 
microbiota during HBV infection from the IT phase to the IA phase. The results suggested that the 
diversity, composition, and functionality of the microbiota changed from the IT phase to the IA phase 
and were related to the progression of CHB.

In our study, analysis of α-diversity using the Chao1, Shannon, and Simpson diversity indices 
showed no significant differences among the three groups. Nevertheless, one study has reported that 
the α-diversity is increased in cirrhosis patients compared to healthy controls and positively correlated 
to the Child-Pugh score[26]. In our study, a decreased ratio of Bacteroidetes to Firmicutes was observed as 

https://f6publishing.blob.core.windows.net/da4a50bc-09a9-4666-8187-bc6496f853d4/WJG-28-5188-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/da4a50bc-09a9-4666-8187-bc6496f853d4/WJG-28-5188-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/da4a50bc-09a9-4666-8187-bc6496f853d4/WJG-28-5188-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/da4a50bc-09a9-4666-8187-bc6496f853d4/WJG-28-5188-supplementary-material.pdf
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Figure 2 Beta-diversity analysis and comparison of variation in microbiota in the three groups using the linear discriminant analysis 
effect size online tool. A: Principal component analysis on the relative abundance. Each point represents a sample, plotted by the second principal component on 
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the Y-axis and the first principal component on the X-axis and colored by group; B: Comparison of the sample distribution of different subgroups using weighted non-
metric multidimensional scaling analysis. Each sample is represented by a dot; C: Partial least squares discrimination analysis. Each point represents a sample; D: 
Histogram of the linear discriminant analysis (LDA) scores for differentially abundant genera between groups (a logarithmic LDA score > 3 indicated a higher relative 
abundance in the corresponding group compared to the other group); E: The taxonomic cladogram obtained from the LDA effect size analysis of 16S sequences and 
taxonomic representation of statistically significant differences between groups. The diameter of each circle is proportional to the taxon abundance. LDA: Linear 
discriminant analysis; IT: Immune-tolerant; IA: Immune-active; H: Healthy.

Figure 3 Distribution of the predominant bacteria at different taxonomic levels (phylum, class, order, family, and genus). A-E: Stacked bars 
of the phylum, class, order, family, and genus level in healthy controls, immune-tolerant phase hepatitis B virus infection, and immune-active phase hepatitis B virus 
infection. IT: Immune-tolerant; IA: Immune-active; H: Healthy.

patients progressed from the IT phase to the IA phase, while another study has demonstrated that the 
ratio of Bacteroidetes to Firmicutes increased in patients with HBV-related cirrhosis compared to that of 
healthy individuals[27]. These results in different studies indicate that the results may vary greatly 
depending on the grouping. In addition, our results suggest that the composition of the gut microbiota 
had changed in the early stages of HBV infection. Furthermore, metabolic changes at different stages of 
HBV infection were also observed by PICRUSt analysis. Consistent with another study[27], these results 
suggest that changes in the composition of the gut microbiota can significantly alter gene function, 
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Figure 4 Comparison of variations in the microbiota of 3 patients before and after disease progression using the linear discriminant 
analysis effect size online tool. A: Distribution of the predominant bacteria at the phylum level in the 3 patients in the immune-tolerant and immune-active 
phases; B: The taxonomic cladogram obtained from linear discriminant analysis effect size analysis of 16S sequences and taxonomic representation of statistically 
significant differences between the two groups. The diameter of each circle is proportional to the taxon abundance; C: Histogram of the linear discriminant analysis 
scores for differentially abundant genera between the two groups (a logarithmic linear discriminant analysis score > 3 indicated a higher relative abundance in the 
corresponding group compared to the other group). LDA: Linear discriminant analysis; IT: Immune-tolerant; IA: Immune-active.

which may have a potential role in HBV-infected patients.
When compared to the healthy controls, there was a correlation between some gut microbiota in 

patients at the IT and IA phases. Notably, the IT group presented a high relative abundance of Senegali-
massilia, Prevotella 2, Alloprevotella, Sutterella, and Haemophilus; while the IA group showed a high 
relative abundance of Blautia, Faecalibacterium, Clostridium innocuum group, and Faecalitalea. Some 
Prevotella strains have been reported as potentially clinically important pathobionts in human diseases 
by increasing the levels of interleukin (IL)-23, IL-1, IL-8, IL-6, and C-C motif chemokine ligand 20[28]. In 
addition, Alloprevotella is enriched in fecal samples from patients with chronic kidney disease[29]. 
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Figure 5 Alteration of the predicted microbial functional composition from the 16S rDNA sequencing data, analyzed using Phylogenetic 
Investigation of Communities by Reconstruction of Unobserved States. A and B: Representing the differences at the cellular processes among healthy 
and patients in the immune-tolerant and immune-active phases; C and D: Representing the differences at the genetic information processing and human diseases 
among healthy and patients in the immune-tolerant and immune-active phases; E and F: Representing the differences at the organismal systems and metabolism 
among healthy and patients in the immune-tolerant and immune-active phases. IT: Immune-tolerant; IA: Immune-active; H: Healthy.
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Moreover, the gut microbiota in prediabetic individuals was found to be aberrant, with decreased 
Clostridium and increased Sutterella levels[30]. Furthermore, Sutterella has the capacity to degrade IgA, 
causing failure of therapeutics treating ulcerative colitis[31]. These findings reveal that Prevotella 2, 
Alloprevotella, and Sutterella are involved in chronic human diseases. Our results also indicate that 
Prevotella 2, Alloprevotella, and Sutterella are specifically related to HBV infection in the IT phase, 
suggesting their role of mediating viral escape from the host immune response.

Blautia, Faecalibacterium, Clostridium innocuum group, and Faecalitalea were identified as signature gut 
microbiota related to HBV infection in the IA phase. Notably, an elevated abundance of Blautia has been 
shown to alleviate the severity of lethal acute graft-versus-host disease[32]. In addition, Benítez-Páez et 
al[33] proposed that Blautia luti and Blautia wexlerae might help to reduce the inflammation that is linked 
to obesity-related complications. Moreover, Blautia is positively associated with the pathophysiology of 
type 2 diabetes[34]. Furthermore, Faecalibacterium prausnitzii, belonging to Faecalibacterium, is a major 
constituent of the gut microbiota in healthy individuals. This bacterium, which has anti-inflammatory 
activity, is decreased in patients with inflammatory bowel diseases such as Crohn’s disease. Inte-
restingly, Blautia and Faecalibacterium have been shown to be beneficial in a healthy gut[35]; these 
bacteria enhance the production of butyrate succinate and lactate, thus providing energy and reducing 
inflammation[36].

Additionally, a recent finding indicated that in patients with early HBV-related HCC, genera 
belonging to butyrate-producing bacterial families, including Ruminococcus, Oscillibacter, Faecalibacterium
, Clostridium IV, and Coprococcus decreased, while the lipopolysaccharide-producing bacteria Klebsiella 
and Haemophilus increased compared to the levels in cirrhosis patients[37]. Herein, the proportions of 
Blautia, Faecalibacterium, and Clostridium innocuum group were higher in the IA-phase patients than in 
the controls, indicating that enrichment of these three signature microbial taxa might be a sign of severe 
inflammation or exacerbation of disease. Notably, these beneficial gut microbiota might help to clear 
viral infection in the IA phase, while some gut microbiota in the IT phase might help the virus to escape 
from host immune responses. Taken together, these findings highlight an important role for the 
composition of the gut microbiota in the progression of HBV infection, which has significant clinical 
implications.

Based on the composition and structure of the gut microbiota, the metabolic function of the 
microflora was further analyzed through PICRUSt. In this study, the genes involved in glycan biosyn-
thesis and metabolism as well as cofactor and vitamin metabolism were more enriched in the IT-phase 
patients than in the healthy controls. One explanation for this finding is that Senegalimassilia, Prevotella 2, 
Alloprevotella, Sutterella, and Haemophilus are enriched in the IT phase and consume glycan as their 
energy source; the genes found in these bacteria are related to cofactor and vitamin metabolism. In 
contrast, terpenoid and polyketide metabolism-related genes were more abundant in the IA phase, 
suggesting that Senegalimassilia, Prevotella 2, Alloprevotella, Sutterella, and Haemophilus participate in the 
metabolism of terpenoids and polyketides. These results may indicate that the gut microbiota and 
metabolites contribute to the abnormal metabolism status in CHB.

Previous research has shown that the gut microbiota composition is closely related to the occurrence 
of various chronic liver diseases[38-40]. Our current study demonstrated that potential links exist 
between certain bacteria and different pathological mechanisms during CHB progression from the IT 
phase to the IA phase.

Studies using mouse models have uncovered that the gut microbiota have a vital role in overcoming 
the IT phase of viral infection at different ages[41] and that gut microbiota lead to Kupffer cell-mediated 
T cell suppression, which is associated with HBV persistence[42]. In addition, fecal microbiota 
transplantation therapy has been shown to improve the clearance rate of HBV antigens in CHB patients 
after long-term therapy[43]. Our study demonstrated that the gut microbiota composition changed at 
different phases of HBV infection. Changes in the gut microbiota composition could be a biological 
factor for the progression of CHB. We believe that the gut microbiome of CHB patients may provide a 
useful prognostic marker for disease progression, outcome prediction, and treatment and that further 
microbiome-based study may provide new insights into the pathogenesis of CHB, the etiology of its 
progression, and novel therapeutic strategies such as the use of probiotics or fecal microbiota trans-
plantation.

Although this study uncovered some insightful findings, some limitations remain. First, all patients 
enrolled in this study were from different families. Having different genetic backgrounds and dietary 
habits might affect the gut microbiota composition. In addition, the healthy donors should have had a 
similar age to the patients; however, the controls were not age-matched to the patients in this study. 
Second, only 3 patients were followed up from the IT phase to the IA phase. A larger longitudinal 
sample size will strengthen the results. Third, a real-world cross-sectional study would be beneficial to 
understand the impact of the microbiota on the progression of liver disease. Fourth, the methods we 
used have some limitations. Although transcriptomics also contributes to gene expression, the findings 
could be further confirmed if we used metagenomic sequencing rather than 16S rDNA gene sequencing. 
Metagenomic sequencing not only sequences the 16S rDNA genes, but it also sequences the whole 
genome of each bacterium. Thus, only by doing metagenomic sequencing, one can get the complete 
picture. Fifth, the functional studies of the gut microbiota are based on statistical predictions; therefore, 
further studies using germ-free animal models and related functional studies are required to investigate 
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the specific roles of the gut microbiota in CHB. Furthermore, the IT phase is an important phase that 
needs more attention.

CONCLUSION
These findings provide observational evidence of compositional alterations of the gut microbiome and 
some related metabolites in patients with IT-phase or IA-phase HBV infection. Further studies should 
investigate whether microbiota modulation can facilitate the progression of CHB and the cause-effect 
relationship between the gut microbiota and CHB.

ARTICLE HIGHLIGHTS
Research background
Chronic hepatitis B virus (HBV) infection (CHB) represents a public health problem that may progress 
to cirrhosis and hepatocellular carcinoma (HCC). HBV-infected individuals in immune tolerance (IT) are 
generally not recommended for anti-HBV treatment, owing to the absence of curative treatment and the 
evidence of a low risk of progressive liver injury in the IT patients. However, recent studies indicated 
hepatocarcinogenesis may occur in IT-phase patients; the body’s IT status is a key factor affecting the 
outcome of the disease. Therefore, finding out the factors that affect the prognosis of HBV infection is of 
paramount significance for the rapid elimination of virus and the reduction of CHB.

Research motivation
The bacterial diversity level and composition varied between CHB, hepatitis B-related liver cirrhosis, 
and HCC. Gut microbiota of healthy controls is more consistent, whereas those of CHB, hepatitis B-
related liver cirrhosis and HCC varied substantially. As the first phase of HBV progression, IT phase 
provides a favorable immune environment for HBV invasion and long-term existence, then transitions 
to immune clearance in the third decade. Therefore, in-depth study of the disease status and changes in 
the body during the IT phase is conducive to the development of new antiviral treatment methods to 
break the IT of the body and improve the antiviral efficacy and thus improve the long-term prognosis.

Research objectives
This study aimed to find some potential bacteria, linking different pathological mechanisms of IT phase 
HBV infection and some related metabolites to the IT phase of CHB infection.

Research methods
Clinical fecal samples from healthy individuals and patients in the IT and IA phases of HBV infection 
were collected. Next, non-target metabolomics, bioinformatics, and 16S rDNA sequencing analyses were 
performed.

Research results
A total of 293 different metabolites in 14 phyla, 22 classes, 29 orders, 51 families, and 190 genera were 
identified. The four phyla of Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria were the most 
abundant, accounting for 99.72%, 99.79%, and 99.55% in the healthy controls, IT-phase patients, and IA-
phase patients, respectively. We further identified 16 genera with different richness in the IT phase and 
IA phase of HBV infection. Of the 134 named metabolites, 57 were upregulated and 77 were downreg-
ulated. A total of 101 different metabolic functions were predicted in this study, with 6 metabolic 
pathways having the highest enrichments, namely carbohydrate metabolism (14.85%), amino acid 
metabolism (12.87%), lipid metabolism (11.88%), metabolism of cofactors and vitamins (11.88%), 
xenobiotic biodegradation (9.9%), and metabolism of terpenoids and polyketides (7.92%).

Research conclusions
The composition of the gut microbiota changed in the early stages of HBV infection, and changes in the 
composition of the gut microbiota can significantly alter gene function, which may have a potential role 
in HBV-infected patients.

Research perspectives
It is relatively difficult to fully understand the causal relationship between gut microbiota and HBV-
induced chronic liver disease at different stages in this real-world cross-sectional study. Nevertheless, it 
should be noted that germ-free animals are good models to study the effect of gut microbiota on human 
diseases. In a future study, it is imperative to use germ-free animal models and additional biofunctional 
assays to reveal the cause-effect relationship between gut microbiota and chronic HBV infection.
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Abstract
BACKGROUND 
Acute pancreatitis (AP) is an inflammatory disorder of the pancreas with an 
unpredictable course of illness. A major challenge of AP is the early identification 
of patients at high-risk for organ failure and death. However, scoring systems are 
complicated and time consuming, and the predictive values for the clinical course 
are vague.

AIM 
To determine whether the dynamic changes in presepsin levels can be used to 
evaluate the severity of disease and outcome of AP.

METHODS 
In this multicentric cohort study, 133 patients with AP were included. Clinical 
severity was dynamically evaluated using the 2012 revised Atlanta Classification. 
Blood presepsin levels were measured at days 1, 3, 5 and 7 after admission by 
chemiluminescent enzyme immunoassay.

RESULTS 
The median concentration of presepsin increased and the clearance rate of 
presepsin decreased with disease severity and organ failure in AP patients. The 
presepsin levels on days 3, 5 and 7 were independent predictors of moderately 
severe and severe AP with time-specific area under the curve (AUC) values of 
0.827, 0.848 and 0.867, respectively. The presepsin levels positively correlated with 
bedside index of severity in AP, Ranson, acute physiology and chronic health 
evaluation II, computed tomography severity index and Marshall scores. Pre-
sepsin levels on days 3, 5 and 7 were independent predictors of 28-d mortality of 
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AP patients with AUC values of 0.781, 0.846 and 0.843, respectively.

CONCLUSION 
Blood presepsin levels within 7 d of admission were associated with and may be useful to 
dynamically predict the severity of disease course and 28-d mortality in AP patients.

Key Words: Presepsin; Acute pancreatitis; Severity; Mortality; Disease severity
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Core Tip: Acute pancreatitis has diverse clinical manifestations with an unpredictable clinical course. A 
major challenge of acute pancreatitis is the early identification of patients at high-risk for organ failure and 
death. Scoring systems are complicated and time consuming with limited predictive value for the clinical 
course. In this study, we investigated the association between the dynamic levels of blood presepsin, a new 
infection biomarker, and the changes of severity in the early course of acute pancreatitis. We found the 
predictive value of presepsin for 28-d mortality was similar to the bedside index of severity in acute 
pancreatitis, Ranson and acute physiology and chronic health evaluation II scores.

Citation: Xiao HL, Wang GX, Wang Y, Tan ZM, Zhou J, Yu H, Xie MR, Li CS. Dynamic blood presepsin levels 
are associated with severity and outcome of acute pancreatitis: A prospective cohort study. World J Gastroenterol 
2022; 28(35): 5203-5216
URL: https://www.wjgnet.com/1007-9327/full/v28/i35/5203.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i35.5203

INTRODUCTION
Acute pancreatitis (AP) is an inflammatory disorder of the pancreas that can lead to systemic inflam-
matory response syndrome, organ failure and sepsis. AP is one of the most common causes of 
abdominal emergencies and is associated with mortality rates up to 35%[1,2]. Gallstones and alcohol 
consumption are the most frequent causes of AP. Irrespective of the etiology, AP has diverse clinical 
manifestations with an unpredictable clinical course. Various clinical scoring systems such as the 
bedside index of severity in acute pancreatitis (BISAP) score, Ranson criteria, computed tomography 
severity index (CTSI) and acute physiology and chronic health evaluation (APACHE) II scores have 
been developed to predict the illness severity at admission[3]. However, accurate prediction of the 
clinical course remains difficult[4]. A major challenge of AP is the early identification of patients at high 
risk for organ failure and death. Moreover, some of these scoring systems are complicated and time 
consuming with limited predictive value for the clinical course. Therefore, it is necessary to develop 
simple and convenient biomarkers to dynamically predict the severity of AP in its early course.

Presepsin is a subtype of soluble CD14 formed by a 13 kDa fragment and is an emerging biomarker of 
infection[5]. CD14 is a glycoprotein receptor for lipopolysaccharide. After lipopolysaccharide binds to 
CD14, presepsin is released into the blood and cleared by the kidney[6]. Presepsin has been confirmed 
to predict illness severity[7], number of organs experiencing dysfunction[8] and septic 90-d death rates
[9,10]. This study aimed to assess the predictive value of blood presepsin levels for the severity of 
disease course and outcomes in patients with AP.

MATERIALS AND METHODS
Study population
This prospective, multicentric, and observational cohort study was conducted at the Emergency 
Departments of Beijing Friendship Hospital and Beijing Chaoyang Hospital affiliated with Capital 
Medical University. This study was approved by the Beijing Friendship Hospital Ethics Committee 
(Approval No. 2017-P2-103-02). Written informed consent was obtained from patients or their relatives. 
Patients diagnosed with AP as per the 2012 revised Atlanta Classification[11] were screened within 24 h 
of admission and followed up for 28 d. Patients were classified into one of three groups (mild, 
moderately severe and severe AP) based on the hospital course. Patients with mild AP had neither local 
complications nor organ failure. Patients with moderately severe AP had transient (< 48 h) organ failure 
or local complications or both, whereas patients with severe AP had persistent (> 48 h) organ failure. 
Organ failure was defined as a Marshall score > 2[11]. Patients were subsequently divided into one of 
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two groups [mild and non-mild (moderately severe and severe) AP] based on their presentation during 
the first, third, 5th and 7th day of admission. Pregnant women and patients younger than 18 years of age 
were excluded. All patients received standardized treatment according to the 2012 revised Atlanta 
Classification[11].

Data collection
The collected data included age, sex, comorbidities, etiologies, scoring, pancreatic imaging and 
interventions. Abdominal ultrasonography at admission and abdominal computed tomography scans 
72 h after symptom onset were performed. The BISAP score, Ranson score, CTSI, APACHE II score, 
Marshall score and severity of AP were determined at 1, 3, 5 and 7 d post-admission. BISAP and 
APACHE II scores were evaluated within 24 h. The Ranson score was calculated within 48 h. Levels of 
the conventional inflammatory biomarkers procalcitonin and C-reactive protein were obtained from the 
clinical laboratory data. AP patients were classified into survival and non-survival groups based on 
their 28-d survival.

Determination of blood presepsin concentration
Venous blood samples were collected in tubes containing heparin at days 1, 3, 5 and 7 after admission 
and stored at 4 °C for analysis within 24 h. Presepsin concentration in the blood was measured using a 
chemiluminescent enzyme immunoassay[12] with a compact automated immunoanalyzer (PATHFAST; 
Mitsubishi Chemical Medience Corporation, Tokyo, Japan). The lower and upper detection limits of 
presepsin concentrations were 20 pg/mL and 200000 pg/mL, respectively.

Statistical analysis
All analyses were performed using SPSS version 25.0 (SPSS, Chicago, IL, United States). With a two-
sided α = 0.05, a β = 0.2 and 70% of patients with mild pancreatitis[13], it was determined that 106 
patients were required for enrollment, 74 with mild pancreatitis and 32 with non-mild pancreatitis. This 
study enrolled 137 patients to account for 20% of patients lost to follow-up. The clearance ratio of 
presepsin was calculated using the following formula: the presepsin level on day 1 minus the presepsin 
level on days 3, 5 or 7, divided by the presepsin level on day 1 and multiplied by 100%. Data with 
normal distribution were expressed as mean ± SD and were analyzed by Student's t test or variance 
analysis. Data with non-normal distribution were expressed as the median with quartiles and were 
analyzed by the Mann-Whitney U or Kruskal-Wallis tests. The χ2 test or Fisher’s exact test was used for 
comparison of frequencies. A receiver operating characteristic (ROC) curve was constructed to assess 
the predictive value of presepsin for moderate/severe AP and 28-d mortality. Prognostic parameters 
including sensitivity, specificity, positive predictive value and negative predictive value were calculated 
based on ROC curve analysis. The areas under the ROC curves (AUCs) were compared by MedCalc 
version 11.4 (MedCalc Software, Ostend, Belgium). The correlation was analyzed by Spearman rank 
correlation. Binary logistic regression analyses were used to determine the independent predictors for 
disease severity and 28-d mortality of AP patients. Cox proportional hazards regression model was used 
to estimate the independent contribution of presepsin for the prediction of 28-d mortality. All statistical 
tests were two-tailed, and a P value < 0.05 was considered statistically significant.

RESULTS
Patient characteristics
A total of 137 patients were screened in the emergency departments of the two hospitals from January 
2018 to September 2019. Of these, 4 patients were excluded from analysis: 1 patient was diagnosed with 
pancreatic cancer, and 3 patients were lost to follow-up. Thus, 133 patients were enrolled and classified 
throughout the course of the disease as mild AP (n = 95 patients), moderately severe AP (n = 21 patients) 
and severe AP (n = 17 patients) according to the Atlanta 2012 classification. Patient characteristics are 
described in Table 1. The median age of patients was 65 years. There were 86 males and 47 females. The 
etiologies of AP included gallstones (63.2%), hypertriglyceridemia (9.0%), post-endoscopic retrograde 
cholangiopancreatography (11.3%), idiopathic (13.5%) and alcohol (3.0%). The BISAP, Ranson, CTSI and 
APACHE II scores increased with the severity of disease (all P < 0.01). The incidence of organ failure, 
mortality and the cost of hospitalization increased with the severity of disease (all P < 0.001).

The role of serial blood presepsin concentration in predicting severity of AP
Compared to patients with mild or moderately severe AP, the presepsin concentration at days 3 and 5 
were significantly higher in patients with severe AP (Figure 1A). Compared with the mild group, the 
presepsin concentration in the moderately severe group at days 5 and 7 and in the severe group at day 7 
were significantly higher (Figure 1A). The median clearance rate of presepsin on days 3 and 5 in 
moderately severe and severe patients were reduced compared to patients in the mild group 
(Figure 1B).
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Table 1 Overall characteristics of the study population

Characteristic Overall, n = 133 Mild, n = 95 Moderately severe, n 
= 21 Severe, n = 17 P value

Demographics

Male, % 86 (64.7) 56 (58.9) 16 (76.2) 14 (82.4) 0.086

Age, yr 65 (54.0-76.0) 65 (54.0-76.0) 68 (40.5-72.5) 59 (43.0-82.0) 0.860

Comorbidities

CHF, % 19 (17.4) 16 (18.8) 3 (18.8) 0 (0) 0.402

COPD, % 3 (2.8) 2 (2.4) 0 (0) 1 (12.5) 0.188

Diabetes, % 25 (22.9) 20 (23.5) 3 (18.8) 2 (25.0) 0.907

Immunosuppression, % 8 (7.3) 7 (8.2) 0 (0) 1 (12.5) 0.432

Etiology 0.003

Gallstones, % 84 (63.2) 65 (68.4) 12 (57.1) 7 (41.2)

Hypertryglyceridemia, % 12 (9.0) 9 (9.5) 0 (0) 3 (17.6)

Alcohol, % 4 (3.0) 2 (2.1) 2 (9.5) 0 (0)

Post-ERCP, % 15 (11.3) 13 (13.7) 1 (4.8) 1 (5.9)

Idiopathic, % 18 (13.5) 6 (6.3) 6 (28.6) 6 (35.3)

Scoring

BISAP score at admission 2.0 (1.0-2.0) 1.0 (1.0-2.0) 2.0 (2.0-3.0) 3.0 (2.0-3.0) < 0.001

Ranson score at 48 h 2.0 (1.0-4.0) 2.0 (1.0-3.0) 3.0 (2.0-5.5) 4.0 (3.5-6.5) < 0.001

CTSI score 4.0 (2.0-4.0) 2.0 (2.0-4.0) 4.0 (2.0-6.0) 4.0 (4.0-5.0) 0.002

APACHE II score at admission 8.0 (5.0-12.5) 7.0 (3.0-10.0) 9.0 (6.0-15.0) 18.0 (9.0-19.0) < 0.001

Imaging 

Pancreatic necrosis, % 14 (10.5) 5 (5.3) 6 (28.6) 3 (17.6) 0.013

Mechanical ventilation, % 3 (2.3) 0 (0) 0 (0) 3 (17.6) < 0.001

CRRT, % 1 (0.8) 0 (0) 0 (0) 1 (5.9) 0.027

Length of hospital stay in d 11.74 ± 5.21 11.08 ± 3.73 13.24 ± 8.40 13.59 ± 6.72 0.067

Outcomes

Single organ failure, % 30 (22.6) 0 (0) 20 (95.2) 10 (58.8) < 0.001

Multiple organ failure, % 8 (6.0) 0 (0) 1 (4.8) 7 (41.2) < 0.001

28-d deaths, % 7 (5.3) 0 (0) 0 (0) 7 (41.2) < 0.001

Cost in $ 5276.14 (3265.34-
7739.10)

4482.18 (3127.06-
6493.38)

7242.67 (3356.87-8785.31) 11222.04 (7457.31-
23045.12)

< 0.001

Data are presented as mean ± SD, n (%), or median (25th-75th percentile). CHF: Chronic heart failure; COPD: Chronic obstructive pulmonary disease; 
BISAP: Bedside index of severity in acute pancreatitis; CTSI: Computed tomography severity index; APACHE: Acute physiology and chronic health 
evaluation; CRRT: Continuous renal replacement therapy; ERCP: Endoscopic retrograde cholangiopancreatography.

Moreover, presepsin concentration remained significantly higher in the non-mild group compared to 
the mild group at days 3, 5 and 7 (Figure 1C). The concentrations of presepsin through the 7 d increased 
progressively with the number of organs failing as defined by the Marshall score (Figure 1D).

Independent predictors of severity of AP
Compared to the mild group, the proportion of patients with biliary etiology in the non-mild group was 
significantly less (69.4% vs 45.7%; P = 0.013) and those with idiopathic AP was significantly higher (6.1% 
vs 34.3%; P < 0.001). The median presepsin concentration on day 1 in patients with biliary AP was 
higher compared to those with other etiologies [1154.00 (728.75-2108.50) vs 749.00 (474.00-1174.00); P = 
0.001]. The presepsin concentration on day 1 and etiology were independent predictive factors for non-
mild AP on day 1 (Table 2). The presepsin concentrations on days 3, 5 and 7, but not etiology, were 
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Table 2 Independent factors for time-specific prediction of non-mild (moderately severe and severe) acute pancreatitis

95%CI
Variable β Standard error Wald statistic Degrees of freedom P value Odds ratio

Lower limit Upper limit

Non-mild AP day 1

Etiology 0.456 0.133 11.707 1 0.001 1.578 1.215 2.050

Presepsin day 1 0.000 0.000 5.872 1 0.015 1.001 1.000 1.001

Non-mild AP day 3

Etiology 0.259 0.178 2.115 1 0.146 1.296 0.914 1.836

Presepsin day 3 0.001 0.000 8.567 1 0.003 1.001 1.000 1.001

Non-mild AP day 5

Etiology 0.315 0.199 2.502 1 0.114 1.371 0.927 2.026

Presepsin day 5 0.002 0.000 13.141 1 < 0.001 1.002 1.001 1.003

Non-mild AP day 7

Etiology 0.292 0.215 1.836 1 0.175 1.339 0.878 2.041

Presepsin day 7 0.002 0.000 13.203 1 < 0.001 1.002 1.001 1.003

AP: Acute pancreatitis.

independent predictive factors for non-mild AP on days 3, 5 and 7, respectively (Table 2). Presepsin 
concentration showed time-specific AUCs of 0.827, 0.848 and 0.867 on days 3, 5 and 7, respectively, in 
predicting moderately severe and severe AP (Table 3).

Correlation of presepsin concentration with scoring systems and other biomarkers
The Spearman correlation analysis revealed that the presepsin levels through day 7 in AP patients 
positively correlated with BISAP and Ranson scores (all P < 0.05, Figure 2). Positive correlations were 
also observed between the presepsin concentration on days 5 and 7 with the APACHE II scores. 
Presepsin levels at days 3, 5 and 7 also positively correlated with CTSI and Marshall scores (all P < 0.05, 
Figure 2). There was a positive correlation between presepsin and procalcitonin levels on days 1 and 3 
and between presepsin and C-reactive protein levels on days 3 and 7 (Table 4).

Dynamic changes in presepsin concentrations and clearance rates in survivors and non-survivors
Presepsin levels decreased persistently through the first 7 d after admission in survivors but tended to 
decrease on day 3 and then increase on day 5 in non-survivors. The presepsin concentration in non-
survivors on days 3, 5 and 7 were significantly higher when compared with survivors (Figure 3A). 
Moreover, the median clearance rate of presepsin on day 3 in the survivors was higher than that in the 
non-survivors (Figure 3B; P < 0.01).

Presepsin concentration for predicting 28-d mortality in patients with AP
The clinical characteristics between survival and non-survival groups are presented in Table 5. The 
binary logistic regression analysis showed that the presepsin levels on days 3, 5 and 7 and the BISAP, 
Ranson and APACHE II scores were independent predictors of 28-d mortality in patients with AP 
(Table 6). The AUC of presepsin for predicting 28-d mortality in AP patients was 0.781 on day 3, 0.846 
on day 5 and 0.843 on day 7, which were slightly lower compared to APACHE II (0.955; all P > 0.05) and 
Ranson (0.900; all P > 0.05) scores but similar to BISAP (0.811; all P > 0.05) scores (Figure 4). The optimal 
prognostic cutoff values for predicting 28-d mortality on days 3, 5 and 7 were 681.5 pg/mL, 613 pg/mL 
and 770 pg/mL of presepsin, respectively.

Using the cutoff values determined by ROC curves, the Cox proportional hazards regression model 
was adjusted for age, sex and etiology to analyze the 28-d survival curves of patients (Figure 5). The 
hazard ratio (HR) of presepsin at day 3 was 9.475 (95%CI: 1.133-79.226; P = 0.038), the HR of presepsin 
at day 5 was 11.191 (95%CI: 1.297-96.518; P = 0.028), and the HR of presepsin at day 7 was 16.495 
(95%CI: 2.759-98.615; P = 0.002).
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Table 3 Time-specific area under the receiver operating characteristic curve of presepsin for prediction of moderately severe and 
severe acute pancreatitis

Time point Cutoff (pg/mL) Sensitivity Specificity PPV NPV AUROC (95%CI) P value

Day 3 657.5 92.9% 71.4% 76.5% 90.9% 0.827 (0.730-0.923) < 0.001

Day 5 593.5 84.6% 80.4% 81.2% 83.9% 0.848 (0.751-0.945) < 0.001

Day 7 601.5 72.7% 89.8% 87.7% 76.7% 0.867 (0.756-0.977) < 0.001

AUROC: Area under the receiver operating characteristic curve; NPV: Negative predictive value; PPV: Positive predictive value.

Table 4 Correlation between presepsin and procalcitonin or C-reactive protein levels

Variables Procalcitonin C-reactive protein

r = 0.464 r = 0.179Presepsin day 1

P < 0.001 P = 0.080

r = 0.318 r = 0.254Presepsin day 3

P = 0.002 P = 0.016

r = 0.208 r = 0.183Presepsin day 5

P = 0.084 P = 0.091

r = 0.239 r = 0.312Presepsin day 7

P = 0.053 P = 0.007

DISCUSSION
The current findings demonstrated that blood presepsin levels correlated with the severity of AP, and 
the clearance rate of presepsin was lower in patients with moderately severe or severe AP compared to 
patients with mild AP. Furthermore, the presepsin levels on days 1, 3, 5 and 7 during the hospital stay 
independently predicted the severity of AP. High levels of presepsin through the first 7 d after 
admission were associated with organ failure. It was also found that presepsin positively correlated 
with the BISAP, Ranson, CTSI, APACHE II, and Marshall scores as well as conventional biomarkers 
such as procalcitonin and C-reactive protein. Dynamic changes in the concentration of presepsin can be 
used for ongoing risk stratification of disease course and prediction of 28-d mortality in AP patients. 
Both presepsin and the clearance rate of presepsin on day 3 may be used as early biomarkers to predict 
the severity and prognosis of AP.

Recently, the blood presepsin concentration has been shown to be an early biomarker of various 
infections[14,15] as well as a valuable biomarker for diagnosing the occurrence[16], severity[17] or 
prognosis[7] of sepsis. Presepsin levels were shown to have good diagnostic and prognostic value for 
bacterial community-acquired pneumonia (CAP) and intensive care unit (ICU) mortality[18]. Similarly, 
our previous study showed that presepsin could predict acute respiratory distress syndrome, severe 
CAP, and 28-d mortality[19]. Recently, Yao et al[20] found that presepsin has a better predictive ability 
than existing biomarkers for bacterial infection following major hepato-biliary-pancreatic surgery. The 
study of Hiraki et al[21] showed that a higher concentration of presepsin in the drainage fluid was an 
independent predictive marker for clinically relevant postoperative pancreatic fistula after pancre-
aticoduodenectomy.

For noninfectious diseases, presepsin correlates with the disease activity of autoimmune diseases, 
such as systemic lupus erythematosus[22]. Higher presepsin levels are associated with renal and liver 
dysfunction[10]. Presepsin is a 13 kDa peptide that may be cleared by the kidney[6]. Presepsin levels 
have been shown to increase as the glomerular filtration rate (GFR) decreases and are markedly high in 
patients with chronic renal failure or receiving hemodialysis[23]. Presepsin concentrations correlate with 
serum creatinine and GFR levels in patients with chronic kidney disease[24]. Recently, presepsin was 
found to be a predictor of acute kidney injury and initiation of renal replacement therapy in sepsis 
patients[25]. Masson et al[10] found that presepsin levels are significantly higher in septic patients with 
shock than those without shock. A gender- and age-matched study on patients with severe AP and 
healthy volunteers showed that presepsin was an independent predictor of local complications, organ 
failure and in-hospital mortality[26].

In this study, we observed the dynamic changes of plasma presepsin levels and clearance rate of 
presepsin with time in patients with mild, moderate and severe AP and found that the presepsin 
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Table 5 Comparison of clinical characteristics between survival and non-survival groups

28-d survival outcome
Characteristic

Survival (n = 126) Non-survival (n = 7)
P value

Demographics

Male, % 79 (62.7) 7 (100.0) 0.051

Age, yr 65 (54-75) 75 (54-82) 0.417

Comorbidities

CHF, % 19 (18.1) 0 (0) 1.000

COPD, % 2 (1.9) 1 (25.0) 0.107

Diabetes, % 24 (22.9) 1 (25.0) 1.000

Immunosuppression, % 7 (6.7) 1 (25.0) 0.266

Etiology 0.634

Gallstones, % 80 (63.5) 4 (57.1)

Hypertryglyceridemia, % 11 (8.7) 1 (14.3)

Alcohol, % 4 (3.2) 0 (0.0)

Post-ERCP, % 15 (11.9) 0 (0.0)

Idiopathic, % 16 (12.7) 2 (28.6)

Scoring

BISAP score at admission 1.0 (1.0-2.0) 3.0 (2.0-4.0) 0.003

Ranson score at 48 h 2.0 (1.0-3.0) 5.0 (4.0-8.0) < 0.001

CTSI score 2.0 (2.0-4.0) 4.0 (4.0-4.0) 0.181

APACHE II score at admission 8.0 (4.8-11.0) 19.0 (15.0-31.0) < 0.001

Imaging

Pancreatic necrosis, % 13 (10.3) 1 (14.3) 0.550

Mechanical ventilation, % 0 (0.0) 3 (42.9) < 0.001

CRRT, % 0 (0.0) 1 (14.3) 0.053

Length of hospital stay in d 11 (9-14) 13 (5-21) 0.568

Outcomes

Single organ failure, % 27 (22.1) 3 (100.0) 0.013

Multiple organ failure, % 4 (4.0) 4 (100.0) < 0.001

Cost in $ 4718.99 (3065.47-7104.78) 22243.29 (10432.63-36309.99) 0.001

Data are presented as n (%), or median (25th-75th percentile). CHF: Chronic heart failure; COPD: Chronic obstructive pulmonary disease; ERCP: Endoscopic 
retrograde cholangiopancreatography; BISAP: Bedside index of severity in acute pancreatitis; CTSI: Computed tomography severity index; APACHE: 
Acute physiology and chronic health evaluation; CRRT: Continuous renal replacement therapy.

concentrations on days 3, 5 and 7 (but not day 1) increased with the severity of AP. A high presepsin 
value and low clearance rate of presepsin at day 3 were found to be more valuable in early identification 
of mild or moderate vs severe compared to mild vs moderate disease. Inconsistently, the concentrations 
of presepsin on day 1 through 7 increased significantly with the number of organs experiencing failure.

In most high-income countries, gallstones (45%) and alcohol abuse (20%) are the most frequent causes 
of AP[27]. In the current study, gallstones (63.2%), but not alcohol (3.0%), was the most common 
etiology of AP, which is consistent with the conclusion of an 8-year Chinese study by Zhu et al[28]. 
Upon multivariate analysis, after adjusting for the confounding factor of etiology, it was found that 
presepsin levels were independent predictors for the severity of AP on days 1, 3, 5 and 7. In this study, 
the proportion of patients with biliary etiology were significantly less, and those with idiopathic AP 
were significantly higher in the moderately severe or severe AP group compared to the mild AP group. 
It was shown that the presepsin values on day 1, but not on days 3, 5 or 7, were higher in patients with 
biliary AP than in other etiologies, which is in line with the procalcitonin values of the study of Modrau 



Xiao HL et al. Presepsin predicts severity of acute pancreatitis

WJG https://www.wjgnet.com 5210 September 21, 2022 Volume 28 Issue 35

Table 6 Independent factors for the prediction of 28-d mortality in patients with acute pancreatitis

95%CI
Variable β Standard error Wald statistic Degrees of freedom P value Odds ratio

Lower limit Upper limit

Presepsin day 3 0.001 0.000 5.013 1 0.025 1.001 1.000 1.001

Presepsin day 5 0.002 0.000 11.406 1 0.001 1.002 1.001 1.003

Presepsin day 7 0.002 0.001 11.672 1 0.001 1.002 1.001 1.003

BISAP score at admission 1.217 0.390 9.700 1 0.002 3.376 1.571 7.255

Ranson score at 48 h 0.868 0.249 12.202 1 < 0.001 2.383 1.464 3.880

APACHE II score at admission 0.477 0.166 8.251 1 0.004 1.611 1.164 2.230

BISAP: Bedside index of severity in acute pancreatitis; APACHE: Acute physiology and chronic health evaluation.

Figure 1 Association between dynamic blood presepsin levels and severity of acute pancreatitis. A: Presepsin levels on days 1, 3, 5 and 7 after 
admission in mild (M), moderately severe (MS) and severe (S) acute pancreatitis (AP). aP < 0.05 vs M AP; bP < 0.01 vs M AP; cP < 0.001 vs M AP; dP < 0.05 vs MS 
AP; eP < 0.01 vs MS AP; B: Clearance rate of presepsin in patients with M and non-mild (NM) (MS and S) AP; fP < 0.05 vs MS and S AP; C: Time-specific 
concentrations of presepsin in patients with M and NM AP; gP < 0.001 vs M AP; D: Correlation between presepsin and organ failure in patients with AP. hP < 0.05 vs 
no organ failure; iP < 0.01 vs no organ failure; jP < 0.001 vs no organ failure; kP < 0.05 vs 1 organ failure. Lines denote median values, boxes represent 25th to 75th 
percentiles, and whiskers indicate the range.

et al[29]. It is likely that the increase in circulating presepsin found in the present study was associated 
with organ dysfunction and biliary tract infection, though infectious complications are rare during the 
early course of severe AP[30].
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Figure 2 Correlation between presepsin and bedside index of severity in acute pancreatitis, Ranson, acute physiology and chronic health 
evaluation-II, computed tomography severity index and Marshall scores. BISAP: Bedside index of severity in acute pancreatitis; APACHE: Acute 
physiology and chronic health evaluation; CTSI: Computed tomography severity index.

Procalcitonin is a sensitive biomarker for the detection of pancreatic infection, and C-reactive protein 
levels ≥ 150 mg/L at day 3 is a prognostic indicator for severe AP[13]. The current study illustrated that 
presepsin levels were positively correlated with procalcitonin levels on days 1 and 3 and with C-reactive 
protein levels on days 3 and 7. There was a positive correlation between the presepsin levels and 
Marshall scores (including respiratory function, cardiovascular system, renal dysfunction) on days 3, 5 
and 7. Meanwhile, the current study found a significant positive correlation between the presepsin 
levels and other AP scores, such as BISAP, Ranson and APACHE II. In this study, increased presepsin 
levels were found to be an accurate predictor of disease severity. For the prediction of moderately 
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Figure 3 Dynamic changes in presepsin concentration and clearance rate in survivors and non-survivors. A: Presepsin concentration; B: 
Clearance rate. aP < 0.05 vs survivors; bP < 0.01 vs survivors.

Figure 4 Receiver operating characteristic curves of presepsin, acute physiology and chronic health evaluation-II, index of severity in 
acute pancreatitis and Ranson scores for 28-d mortality of patients with acute pancreatitis. ROC: Receiver operating characteristic; APACHE: 
Acute physiology and chronic health evaluation; BISAP: Bedside index of severity in acute pancreatitis.

severe or severe AP, the AUCs of presepsin on days 3, 5 and 7 were 0.827, 0.848 and 0.867, respectively, 
with high sensitivity and specificity.

The dynamic changes in presepsin were different in survivors and non-survivors of this study. In 
survivors, presepsin levels showed a decreasing trend over time but in non-survivors presepsin levels 
first decreased and then increased. Similar trends in presepsin levels have been reported in patients 
with severe sepsis[31]. In addition, clearance rates of presepsin in non-survivors were lower than that of 
survivors in the early stage of AP (day 3). Potential explanations involve a reduced clearance of 
presepsin due to reduced kidney function[22-24] and circulatory dysfunction[10]. The most common 
organ systems to fail in non-survivors were circulatory [71.4% (5/7 patients)], respiratory [85.7% (6/7 
patients)] and renal [42.8% (3/7 patients)] systems. Studies have showed that higher presepsin levels 
were associated with ICU death and mortality in sepsis[7], CAP[18], cardiac arrest patients after return 
of spontaneous circulation[32] and severe AP[25]. Interestingly, the presepsin levels on days 3, 5,and 7 
were found to independently predict 28-d mortality in AP.

This study has certain limitations. First, the patient population was heterogeneous. Second, the study 
did not compare presepsin with other biomarkers. Third, the relevance of presepsin during the latter 
course of AP was not studied. Fourth, the association between presepsin levels and hepatorenal 
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Figure 5 Cox regression survival curves. A: Acute pancreatitis (AP) patients with presepsin levels higher than 681.5 pg/mL on day 3 had a lower probability 
of survival at 28 d compared to patients with lower levels; B and C: Similarly, AP patients with presepsin levels on day 5 (B) and day 7 (C) higher than 613 pg/mL and 
770 pg/mL, respectively, had a lower probability of survival at 28 d than patients with lower levels. AP: acute pancreatitis.

function was not evaluated. Future multicentric studies with larger cohorts that consider these factors 
should be conducted to validate the findings of this study.

CONCLUSION
This cohort study found that blood presepsin levels in the first 7 d after admission could accurately 
predict the severity of disease course and 28-d mortality in patients with AP and may be a promising 
prognostic marker.

ARTICLE HIGHLIGHTS
Research background
Acute pancreatitis (AP) is one of the most common causes of abdominal emergencies and is associated 
with sepsis, organ failure and high mortality rates (up to 35%). AP has diverse clinical manifestations 
with an unpredictable clinical course. It is necessary to predict the severity of AP rapidly and accurately.

Research motivation
A major challenge in AP is the early identification of patients at high-risk for organ failure and death. 
However, scoring systems are complicated and time consuming with limited predictive value for the 
clinical course. Biomarkers are promising for the dynamic prediction of disease severity.

Research objectives
To determine whether the dynamic levels of an emerging biomarker, presepsin, can be used to evaluate 
the severity of disease course and outcome of AP.
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Research methods
In this prospective and multicentric cohort study, 133 patients with AP were included from January 
2018 to September 2019. Clinical severity (mild, moderately severe and severe AP) was dynamically 
evaluated using the 2012 revised Atlanta Classification. Blood presepsin levels were measured at days 1, 
3, 5 and 7 after admission by chemiluminescent enzyme immunoassay. The patients were followed up 
for 28 d.

Research results
The median concentration of presepsin increased, and the clearance rate of presepsin decreased with 
disease severity and organ failure in AP patients. The presepsin levels on days 3, 5 and 7 were 
independent predictors of moderately severe and severe AP with time-specific area under the curve 
(AUC) values of 0.827, 0.848 and 0.867, respectively. The presepsin levels positively correlated with 
bedside index of severity in acute pancreatitis, Ranson, acute physiology and chronic health evaluation-
II, computed tomography severity index and Marshall scores and conventional biomarkers such as 
procalcitonin and C-reactive protein. Presepsin levels on days 3, 5 and 7 were independent predictors of 
28-d mortality of AP patients with AUC values of 0.781, 0.846 and 0.843, respectively.

Research conclusions
The blood presepsin levels within 7 d of admission were associated with and may be useful to 
dynamically predict the severity of disease course and 28-d mortality in AP patients. Both presepsin and 
clearance rate of presepsin on day 3 may be used as early biomarkers to predict the severity and 
prognosis of AP.

Research perspectives
Prospective cohort studies report the predictive value of presepsin in the severity of AP. Future research 
should focus on the guiding significance of presepsin in the treatment of AP, such as antibiotic use.
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Abstract
BACKGROUND 
Chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are known risk factors for 
liver disease, cirrhosis and hepatocellular carcinoma (HCC). There is substantial global variation in 
HBV and HCV prevalence resulting in variations in cirrhosis and HCC. We previously reported 
high prevalence of HBV and HCV infections in Somali immigrants seen at an academic medical 
center in Minnesota.

AIM 
To determine the prevalence of chronic viral hepatitis in Somali immigrants in Minnesota through 
a community-based screening program.

METHODS 
We conducted a prospective community-based participatory research study in the Somali comm-
unity in Minnesota in partnership with community advisory boards, community clinics and local 
mosques between November 2010 and December 2015 (data was analyzed in 2020). Serum was 
tested for hepatitis B surface antigen, hepatitis B core antibody, hepatitis B surface antibody and 
anti-HCV antibody.

RESULTS 
Of 779 participants, 15.4% tested positive for chronic HBV infection, 50.2% for prior exposure to 
HBV and 7.6% for chronic HCV infection. Calculated age-adjusted frequencies in males and 
females for chronic HBV were 12.5% and 11.6%; for prior exposure to HBV were 44.8% and 41.3%; 
and for chronic HCV were 6.7% and 5.7%, respectively. Seven participants developed incident 
HCC during follow up.

CONCLUSION 
Chronic HBV and HCV are major risk factors for liver disease and HCC among Somali immig-
rants, with prevalence of both infections substantially higher than in the general United States 
population. Community-based screening is essential for identifying and providing health 
education and linkage to care for diagnosed patients.

Key Words: Viral hepatitis; Liver disease; Community engagement; African; Immigrant health

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This prospective community-based study evaluated the prevalence of chronic hepatitis B and C 
among the immigrant Somali community. Through community partnerships we were able to demonstrate a 
framework that can be used with other immigrant and/or minority communities at-risk for infectious 
diseases such as hepatitis B and C.
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Bajwa NA, Afgarshe MD, Shire AM, Balls-Berry JE, Roberts LR. High prevalence of chronic viral hepatitis B and 
C in Minnesota Somalis contributes to rising hepatocellular carcinoma incidence. World J Gastroenterol 2022; 
28(35): 5217-5229
URL: https://www.wjgnet.com/1007-9327/full/v28/i35/5217.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i35.5217

INTRODUCTION
Globally, liver cancer ranks 6th in cancer incidence and 4th in cancer mortality[1]. For many years, chronic 
hepatitis C virus (HCV) infection has been the most common risk factor for hepatocellular carcinoma 
(HCC) in the United States[2-6]. There is a high prevalence of chronic viral hepatitis in Asia and sub-
Saharan Africa[7-11]. Partly due to immigration from high-prevalence countries in Africa and Asia, 
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hepatitis B virus (HBV) infection remains an important risk factor in the United States[12-15]. 
Consequently, HCC disproportionately affects individuals of African and Asian ancestry and Hispanic 
ethnicity[16,17]. Africa has the youngest median [interquartile range (IQR); range] age at HCC diagnosis 
worldwide [45 (35-57; 8-95)], increasing the burden of years of life lost from chronic viral hepatitis.

Minnesota’s foreign-born population constitutes approximately 9% of the state population[18]. From 
2008 to 2017, the Minnesota Department of Health reported an age-adjusted incidence rate of liver 
cancer of 22.4 per 100000 person-years among Black Minnesotans, a 4.3-fold higher rate than the rate of 
5.2 per 100000 person-years among white, non-Hispanic Minnesotans[19]. A substantial proportion of 
Minnesota’s Black population are recent African immigrants[18,20-22]. However, due to a general lack 
of awareness of viral hepatitis, Minnesota’s most recent immigrants from Somalia have limited 
appreciation of their risk from chronic viral hepatitis and its associated complications[23].

To date, few studies have focused on chronic HBV and HCV infection and their sequelae among 
recent African immigrants to the United States. There is no population-based study of the rates of HBV 
and HCV infections among Somalis[20,24-28]. We previously conducted a clinic/hospital-based 
retrospective study of the rates of HBV and/or HCV infections in Somalis seen at Mayo Clinic from July 
1996 to October 2009[29]. We found higher frequencies of chronic HBV (13.6%), prior exposure to HBV 
(55.5%), and chronic HCV (9.1%) in Somali Americans compared to 1.2%, 10.9%, and 2.2% respectively 
in non-Somali residents of Olmsted County (of whom 90% have European ancestry). Of 30 Somali HCC 
patients seen, 22 of 29 with available results (76%) were anti-HCV positive, while 5 of 28 with available 
results (18%) were hepatitis B surface antigen (HBsAg) positive. These results showed high rates of 
chronic HBV and HCV and revealed that HCV was a primary risk factor for HCC in Somalis[29]. Since 
clinic/hospital-based studies may overestimate true community disease prevalence, we tested for HBV 
and HCV in community-resident Somalis through a community-wide screening program.

MATERIALS AND METHODS
Study design
We performed a cross-sectional, community-wide screening study of Somali immigrant adults. Between 
November 2010 and December 2015, we used a community-based engagement research framework to 
offer free HBV and HCV screening to Somali immigrant adults living in Minnesota. Eligible individuals 
who self-identified as: (1) Of Somali descent; (2) ≥ 18 years of age; and (3) Resident in Minnesota 
received free HBV and HCV serological screening. Screening was provided for both foreign-born and 
United States-born participants. Study recruitment was carried out in the community. We partnered 
with three community-based health clinics with large Somali clienteles and faith-based establishments 
and charter schools, to which participants could come for enrollment and blood draws. In partnership 
with the Somali Health Advisory Committee (SHAC), a community advisory board based in Rochester 
and Minneapolis/St Paul, the research team provided educational seminars on viral hepatitis screening 
and liver disease. In addition, members of SHAC facilitated recruitment through word-of-mouth, 
advertisements, educational sessions and booths at various community events and health fairs in cities 
across Minnesota.

Study population
Individuals of Somali heritage who were at least 18 years of age were recruited to participate in the 
study. Participants provided written informed consent. At the completion of the study, participants 
received a $20 gift check (remuneration) mailed to their home address. Screening occurred at: (1) The 
Mayo Clinic Clinical Research and Trials Unit; (2) Community-based clinics; (3) A community-based 
health center; (4) Religious establishments (i.e. mosques); (5) Charter schools; or (6) At various 
community health-fairs. The study team consented and screened 779 participants aged 18 years to 91 
years, of whom 49.9% (389) were male.

Ethical approval
The Mayo Clinic Institutional Review Board approved the study and study related materials including 
flyers and weekly community outreach program documentation. Study team members conducted 
outreach field recruitment to inform potential participants about the study in both English and Somali.

Serological tests
Blood samples were processed, stored at -80 °C, and tested for HBsAg, hepatitis B core antibody 
(HBcAb), hepatitis B surface antibody (HBsAb) and anti-HCV at the Mayo Clinic Department of 
Laboratory Medicine and Pathology. Participants were administered surveys either in English or in 
Somali, assessing their age, sex, country of birth, cultural practices and immigration patterns. The 
screening results were organized into 5 groups depending on the serological test results (Table 1). The 
first 4 groups defined the hepatitis B infection status, while the fifth reported hepatitis C antibody 
status. The chronic HBV infected group was defined as those who tested HBsAg positive, HBsAb 
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Table 1 Antibody and antigen biomarkers for hepatitis B and hepatitis C infections

Chronic HBV Resolved HBV HBV vaccinated HBV Susceptible Chronic HCV

HBsAg Pos Neg Neg Neg Pos/neg

HBcAb Pos Pos Neg Neg Pos/neg

HBsAb Neg Pos/indeter/neg Pos Neg/indeter Pos/neg

Anti-HCV Neg/pos Neg/pos Neg/pos Neg/pos Pos

HBcAb: Hepatitis B core antibody; HBsAg: Hepatitis B surface antigen; HBsAb: Hepatitis B surface antibody; HBV: Hepatitis B virus; HCV: Hepatitis C 
virus; Indeter: Indeterminate; Neg: Negative; Pos: Positive.

negative, and HBcAb positive, regardless of anti-HCV status. The resolved HBV group, immune due to 
exposure to the live virus, was defined as participants who tested HBsAg negative, HBsAb positive and 
HBcAb positive, regardless of anti-HCV status. Combining the chronic HBV-infected group with the 
resolved HBV group gives the total number of persons exposed to live HBV infection. The vaccinated 
group was defined as those who tested HBsAg negative, HBsAb positive, and HBcAb negative, 
regardless of anti-HCV status. The HBV susceptible group was defined as those who tested HBsAg 
negative, HBsAb negative and HBcAb negative, regardless of anti-HCV status. Lastly, the chronic HCV 
infected group was defined as anyone who tested anti-HCV positive, regardless of HBsAg, HBcAb, or 
HBsAb status. We have previously shown that 93% of anti-HCV antibody-positive individuals in the 
Somali community also had measurable HCV RNA; thus, the rate of false positive anti-HCV antibody 
testing in this population is low[29]. Referrals for follow-up testing, health education, counseling, 
vaccination and treatment were provided to participants depending on their results.

Statistical methods
Descriptive statistics were computed to describe the study population. JMP (v.10; SAS Institute Inc., 
Cary, NC) was used for statistical analyses. Adjusted frequencies for viral hepatitis infection statuses 
were standardized using the 2010 United States Census and were stratified based on age and sex[30].

RESULTS
Characteristics of the study population
The study team consented and screened 779 participants aged 18 years to 91 years, of whom 49.9% (389) 
were male. This number represents 2.3% or 1 in 43 of the estimated 33208 Somalis aged 18 years to 84 
years resident in Minnesota between 2013 and 2017[31]. The age distribution of the participants and the 
primary summary of rates are presented in Table 2.

Proportion of patients with HBV and HCV infections
The crude rates for each age and sex group are shown in Table 2, along with the age-adjusted rate for 
each group. Of the 779 Somali participants screened, 120 (15.4%) had chronic HBV (HBsAg+, HBcAb+, 
HBsAb-), and 271 (34.8%) were immune due to prior HBV infection (HBcAb+, HBsAg-, HBsAb+). In 
addition, a small subset of the patients had HBV and HCV co-infection (n = 5). The crude rates showed 
that, as is typical for HBV infection in Africa, many participants tested positive for chronic HBV 
infection by the age of 20. However, the converse was true for HCV, with most positive individuals 
being over 50 years. The age-adjusted rates for persons with chronic HBV were 12.5% and 11.6% for 
males and females, respectively. The age-adjusted rates for persons with resolved HBV, characteristic of 
prior exposure to HBV infection with spontaneous clearance, were 32.3% and 29.7% for males and 
females, respectively. For prior HBV exposure resulting in either chronic infection or spontaneous 
clearance, which measures all previous exposure to infectious HBV, the age-adjusted rates were 44.8% 
for males and 41.3% for females. Lastly, the age-adjusted positive rates for anti-HCV, the marker for 
HCV infection, were 6.7% for males and 5.7% for females. Of the 59 anti-HCV positive participants, 29 
(49.2%) had follow-up testing for HCV RNA, and 28 (96.6%) of the 29 tested positive. This was 
consistent with the results of our previous retrospective study, in which 93% of anti-HCV-positive 
Somalis were HCV RNA positive. The most common HCV genotype was 4 (43%) followed by genotype 
3 (14%).

Proportion of patients vaccinated or susceptible to HBV infections
Of the 779 Somali participants, 388 (49.8%) had not previously been exposed to HBV. Of these, 195 
(25.0% of the total) tested positive for HBsAb only, consistent with immunity due to HBV vaccination. 
The remaining 193 (24.8%) tested negative for all HBV markers, indicating susceptibility to HBV 
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Table 2 Frequency of hepatitis B virus- and hepatitis C virus-positive test results in Community Recruited Minnesota Somali Residents

Chronic HBV infection Previous HBV exposure including 
spontaneous clearance Chronic HCV infection

Age group (yr) HBsAg-
positive/total 
males, n

HBsAg-
positive/total 
females, n

HBcAb-
positive/total 
males, n

HBcAb-
positive/total 
females, n

Anti-HCV-
positive/total 
males, n

Anti-HCV-
positive/total 
females, n

≤ 20 0/8 (0) 0/9 1/8 2/9 0/8 0/9

21-30 10/89 6/74 29/89 12/74 3/89 0/74

31-40 20/92 12/92 24/92 29/92 3/92 2/92

41-50 12/72 5/82 32/72 27/82 5/72 1/82

51-60 12/50 10/64 23/50 24/64 3/50 3/64

61-70 6/35 11/40 20/35 16/40 5/35 10/40

> 70 6/43 10/29 20/43 12/29 17/43 7/29

Total 66/389 54/390 149/389 122/390 36/389 23/390

Age-adjusted 
frequency (per 1000 
population)

125 116 323 297 67 57

HBcAb: Hepatitis B core antibody; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

(Table 3). Remarkably, of the 518 participants from this high prevalence community under age 50, 146 
(28.2%) were unvaccinated and susceptible to HBV.

Age and sex group characteristics of HBV and HCV infections
Both age- and sex-specific rates showed differences. The highest proportion of HBsAg in Somalis was 
observed in females > 70 years of age (34.5%); in males, the highest proportion was in the 51-year-old to 
60-year-old age group (24.0%) (Figure 1A). For HBcAb, the highest proportion of positivity for males 
was in the 61- year-old to 70-year-old age group (57.1%) and for females in the > 70-year-old group 
(41.4%) (Figure 1B). For anti-HCV, the highest proportion for males was > 70 years of age (39.5%), while 
the highest proportion for females was in the 61-year-old to 70-year-old age group (25.0%) (Figure 1C).

Follow-up and referral
After completing the serological tests, participants received screening results via telephone calls. 
Participants with positive HBsAg or anti-HCV were referred to their local medical care facility 
(University of Minnesota Gastroenterology Hepatology and Nutrition or Mayo Clinic Division of 
Gastroenterology and Hepatology) for subsequent management, surveillance and/or treatment. 
Participants who were HBsAg negative and anti-HBs negative were referred to their local primary care 
clinic (Gargar Clinic and Urgent Care or Axis Medical Center) to complete the HBV vaccination series.

Characteristics of participants who developed HCC
After serological tests confirmed positive HBV and/or HCV infection or susceptibility to HBV infection, 
patients were linked to care for treatment or monitoring of their viral hepatitis, as appropriate, or for 
HBV vaccination. They were encouraged to notify the study staff if they were diagnosed with advanced 
liver disease or HCC. Seven individuals were identified by review of the medical records or patient self-
report to have HCC in follow-up after testing. Their ages ranged from 43 years to 83 years (mean 69.8 
years; IQR 65.8, 76.8). Four were male (57%), and three (43%) were female. The most common etiology 
was HCV infection (n = 4; 57%); one patient had HBV infection (14%), one had non-alcoholic fatty liver 
disease without cirrhosis, and one had no known risk factor for HCC. Three of the 4 HCV HCC patients 
had cirrhosis (Table 4).

Due to the number of participants lost to follow-up, we do not have complete follow-up of the entire 
cohort of participants over the period and, therefore, were unable to calculate the exact incidence of 
HCC in the participants of this screening study. However, comparison to our previous retrospective 
hospital/clinic-based study, in which we found 30 Somali patients with HCC (2.5%) out of a total of 
1218 patients tested for any chronic hepatitis markers, shows a lower incidence of 7 HCC cases (0.9%) of 
the 779 adults tested in this community-recruited cohort. This is not surprising, since the hospital/clinic-
based cohort almost certainly had a selection bias for viral hepatitis or more severe chronic liver disease.
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Table 3 Rates of hepatitis B virus vaccination and susceptibility in Community Recruited Minnesota Somali Residents

HBV vaccinated HBV susceptible
Age group (yr) HBV vaccinated1/total 

males, n
HBV vaccinated1/total 
females, n

HBV susceptible2/total 
males, n

HBV susceptible2/total 
females, n

≤ 20 4/8 4/9 3/8 3/9

21-30 27/89 37/74 23/89 19/74

31-40 22/92 23/92 26/92 28/92

41-50 15/72 19/82 13/72 31/82

51-60 8/50 13/64 7/50 17/64

61-70 4/35 5/40 5/35 8/40

> 70 10/43 4/29 7/43 3/29

Total 90/389 105/390 84/389 109/390

Age-adjusted frequency (per 1000 
population)

299 305 253 282

1Vaccinated: Hepatitis B surface antigen negative; anti-HBc negative; anti-HBs positive.
2Susceptible: Hepatitis B surface antigen negative; anti-HBc negative; anti-HBc negative.
HBV: Hepatitis B virus.

Table 4 Characteristics of 7 Somali participants who developed hepatocellular carcinoma

Patient no. Age Sex Etiology HCV 
genotype Cirrhosis MELD 

Score
Metastatic 
HCC

Portal 
hypertension

Fibrosis 
staging

1 69 Male NAFLD - No 8 No No NR

2 65 Female HCV 3 Yes 7 No Yes NR

3 76 Female Unknown - No 7 No No NR

4 75 Male HCV 4 No 7 Yes No 2 to 3/4

5 77 Male HCV UTG Yes 11 No No 4

6 43 Male HBV - No 7 Yes No NR

7 83 Female HCV UTG Yes 6 No No 3 to 4

UTG: Unable to genotype; NR: Not reported; NAFLD: Non-alcoholic fatty liver disease; HCV: Hepatitis C virus; HBV: Hepatitis B virus; MELD: Model for 
end-stage liver disease; HCC: Hepatocellular carcinoma.

The observed incidence of 7 HCCs in the cohort of 779 adults prospectively tested in this study, albeit 
with incomplete follow-up over a median of approximately 8 years, is estimated to be 112 per 100000 
person-years or 0.11% per year risk of HCC in the entire cohort. This is almost certainly an overestimate 
as some of the cases may have had unrecognized HCC at the time of initial testing.

DISCUSSION
The primary goal of our study was to examine the prevalence of HBV and HCV viral infections in the 
immigrant Somali community residing in Minnesota. As a secondary goal, we also ascertained any cases 
of HCC that developed in study participants by voluntary notification and review of available medical 
records. This study is the first of its kind to report the results of community-wide screening for HBV and 
HCV in this immigrant population. We found that 15.4% of participants had chronic HBV infection 
compared to the estimated United States general population prevalence of 0.4%[32]. HCV prevalence 
was 7.6%, also significantly higher than the general United States population prevalence of HCV which 
is less than 2%[33]. In comparison to our previously published results, this prospective study deter-
mined that chronic HBV rates are higher than the frequency reported in the 2012 clinic/hospital-based 
retrospective study[29].
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Figure 1 Frequency in Somali Patients Screening. A: Hepatitis B virus (HBV)-positive test results; B: Prior exposure of HBV test results; C: Hepatitis C virus-
positive test results. HBcAb: Hepatitis B core antibody; HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C virus.

Somalis in Minnesota are younger than the general population with a median age of 25 years 
compared to the general population median age of 37 years[34]. Therefore, surveillance for viral 
hepatitis is important for this community. Given the high prevalence of HBV and HCV infections in 
Somalia noted in prior studies, a significant number of Somali immigrants are likely to have chronic 
hepatitis and are at risk for HCC. Yang et al[35] reported that African-born individuals diagnosed with 
HCC in the United States, particularly those of West African ancestry, are diagnosed at a younger age. 
Most of these individuals have chronic HBV infection, which was acquired in the first few years of life, 
and it is recommended that HCC surveillance of this group begin at the age of 20 years[5]. The Somali 
immigrant community may be different; in addition to high rates of chronic HBV infection, there is also 
a high prevalence of chronic HCV infection, most likely acquired during adulthood. A multi-center, 
multi-national, retrospective observational cohort study that investigated the current clinical 
presentation of Africans with HCC showed that in Egypt, where chronic HCV is the major etiology of 
HCC, the median age of HCC onset was 58 years, compared to 46 years in eight other African countries 
with a predominance of HBV-induced HCC[6].

While the high level of chronic HBV infection in the immigrant Somali population suggests an 
elevated risk of maternal-to-child transmission and horizontal transmission of HBV between family 
members at an early age, it is important to note that about a third of all the individuals we screened had 
evidence of prior exposure to HBV infection that they had cleared spontaneously. This phenomenon 
occurs most commonly in adults exposed to HBV infection and suggests substantial transmission of 
HBV among adolescents and adults in the community. Risk factors associated with these infections need 
to be identified and addressed. Individuals from areas affected by conflict and displacement are at a 
greater risk of contracting infectious agents, such as viral hepatitis infections[36]. For instance, Khan et al
[37] reported that internally displaced individuals have high levels of HBV and HCV infections. This 
may reflect the lack of basic health infrastructure and services in refugee camps and displaced 
communities.

Shire et al[29] showed an increased frequency of HBV and HCV among Somali patients seen in the 
hospital/clinic setting, which could potentially have been due to selection bias. However, our 
community-based screening study of Somali immigrants in Minnesota confirms high rates of chronic 
HBV and HCV infection rates among this population. The best outcomes for communities with high 
prevalence of chronic HBV and HCV infections have been shown in Japan and Taiwan, which have 
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comprehensive programs for screening all adults for chronic viral hepatitis and enrolling those at risk 
into surveillance programs for HCC. These programs have resulted in ≥ 70% of HCCs being detected at 
early stages when they are eligible for curative treatment. Consequently, the 5-year survival rate of 
patients diagnosed with HCC in these countries ranges from 50%-70%, substantially higher than the 
currently estimated rate of 15% in the United States[38]. Whether HCC surveillance decreases liver 
disease mortality is still controversial, but almost all international guidelines now recommend 
surveillance for HCC among high-risk patients using liver ultrasound performed every 6 mo with or 
without measurement of the serum alpha-fetoprotein[39-45]. There are active efforts underway to 
develop more sensitive and effective biomarker and imaging technologies for HCC surveillance. We are 
performing additional studies to assess the stage at diagnosis of HCC in the immigrant Somali 
community and discern any barriers or disparities in care related to chronic liver disease and HCC.

Furthermore, the observed incidence of 7 HCCs in the cohort of 779 adults prospectively tested in this 
study is estimated to be 112 per 100000 person-years or 0.11% per year risk of HCC in the entire cohort. 
This is almost certainly an overestimate as some of the cases may have had unrecognized HCC at the 
time of initial testing. By comparison, for the time period between 2012 and 2016, the age-standardized 
rates of liver cancer incidence in Minnesota were 5.7 per 100000 for Non-Hispanic Whites and 24.7 per 
100000 for Blacks[46]. Since the total number of Somali adults aged 18-84 in Minnesota, estimated at 
33208, represents approximately 23% of the 146020 adults of African descent aged 18-84 who are 
resident in Minnesota, the Somali immigrant community likely contributes substantially to the overall 
incidence of HCC in Minnesota[47,48].

The results of this study suggest a need to develop strategies to improve awareness of chronic 
hepatitis[49], increase screening for chronic HBV and HCV infections in the immigrant Somali 
community in the United States and promote hepatitis B vaccination in unvaccinated children and 
adults. These strategies could help prevent chronic liver disease and HCC, increase access to currently 
available treatments that suppress HBV viral load or cure HCV and substantially reduce the burden of 
hepatobiliary malignancies observed in Minnesota’s non-Hispanic Black population[50-52]. Ahmed 
Mohammed et al[53] reported that visits to gastrointestinal/hepatologist specialists were linked to 
increased HCC surveillance in Minnesota residents, as compared to primary care practitioner visits. 
Given the limitations in access to specialist care, efforts to encourage HBV and HCV testing of 
immigrant Somalis in the primary care setting could improve the early diagnosis of chronic viral 
hepatitis and appropriate linkage to care.

Limitations
There are several limitations to this study. The first limitation is selection bias and this is due to the 
nature of the study design. However, through the use of community advisory boards, community-based 
organizations and clinics, we are confident that our data can be generalizable to the larger Somali 
community of Minnesota. Second, loss to follow-up was another limitation associated with this study, 
especially for those individuals who have developed liver cancer and associated co-morbidities. On the 
contrary, there are several strengths associated with this study. First, the implementation of community-
engagement through health education and listening sessions have ensured participants are informed of 
the goals of the study in a culturally sensitive and responsive framework. Second, building strong 
partnerships with community-based organizations, charter schools and clinics were instrumental in the 
success of recruitment and dissemination of information.

CONCLUSION
Chronic HBV and HCV infections are prevalent among Somali immigrants in Minnesota and associated 
with high rates of HCC. Partnering with community stakeholders helped to improve recruitment rates 
and to spread awareness of the need for viral hepatitis screening. Community-wide screening is an 
effective way to identify and provide health education and linkage to care for individuals with or at risk 
for viral hepatitis. It is important to develop and implement culturally and linguistically acceptable viral 
hepatitis awareness programs in partnership with communities, in order to promote preventative 
vaccination, treatment of viral hepatitis and reduction of cancer risk.

ARTICLE HIGHLIGHTS
Research background
Somali immigrants come from regions of the world where viral hepatitis is endemic. Since the start of 
the Somali civil war in 1991, limited data is available on the impact of viral hepatitis in the community, 
especially those individuals in the diaspora.
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Research motivation
The impetus of this project was communal outcry about community members succumbing to liver 
disease. In partnership with the community, our research team worked to assess the burden of viral 
hepatitis in Minnesota. Addressing this pressing communal matter, we were able to connect those who 
tested positive for hepatitis infections and/or were not vaccinated for hepatitis B virus (HBV) with the 
needed healthcare.

Research objectives
Our objective was to determine the prevalence of viral hepatitis infections within the community. This is 
significant because it laid the foundation to start conducting studies on host-viral interactions and the 
unique development of liver disease among this population. This is relevant to clinical practice because 
we can use this information to tailor screening practices and treatments for individuals from endemic 
regions which are historically under studied.

Research methods
In partnership with the community stakeholders, we conducted a prospective study using community-
based participatory research from 2010 to 2015. We screened for viral hepatitis infections and reported 
the results back to the study participant. This is the first study of its kind to screen community based 
Somali immigrants in Minnesota at a large scale.

Research results
Viral hepatitis infections are a major under recognized disease within the Somali immigrant population. 
Age-adjusted prevalence rates are high and call for prioritizing responses from health agencies. This 
data will be used to lobby public health institutions to help address the unique needs of the Minnesota 
Somali population and for healthcare providers to implement programs to screen community members 
for both HBV and hepatitis C virus. Furthermore, the follow-up after the patients have enrolled into the 
study was quite difficult. We should consider effective methods to follow-up patients to assess the 
potential for development of liver disease sequelae.

Research conclusions
Although there were limitations to the study, we have learned that chronic viral hepatitis infection in 
the Somali community is high. Effective screening programs need to be implemented in order to 
prevent suffering and needless death. The use of community-based participatory research was a success 
and was the first of its kind with this community regarding a disease considered taboo. We will 
continue this partnership and expand research within this population historically under reported in 
clinical research.

Research perspectives
We will continue maintaining the partnership and will continue to understand the unique host-viral 
interactions. We have studies on immunoprofiling as well as examining the influence of the viral 
genome on liver disease progression. These studies will be used to improve the health of persons from 
this region of the world.
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Abstract
It was reported that the urotensin II (U-II) level in inflammatory bowel disease 
(IBD) patients are significantly higher than in controls. To provide future 
guidance for the management of cardiovascular risk factors in IBD patients, the 
sample size of the current study appears to be limited, and more clinical samples 
to compare U-II levels in IBD patients and controls are needed. This will clarify 
the possible roles of inflammation factors and related signaling pathways (like 
EPK1/2, NF-κB and Rho/ROCK) in the pathophysiology of IBD. Therefore, large 
multicenter studies should be done to confirm the findings and underlying mech-
anisms in the future.

Key Words: Inflammatory bowel disease; Urotensin II; Inflammatory factors; High 
sensitivity C reactive peptide
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Core Tip: An observational report showed that the level of urotensin II (U-II) in inflam-
matory bowel disease (IBD) patients was significantly increased compared with that in 
controls. The authors also reported that blood U-II level was positively correlated with 
high-sensitivity C-reactive protein, and severe endoscopic features of the disease. This 
study provides us with a new role of U-II in IBD, which warrants larger, multicenter 
clinical and basic studies to determine the mechanisms by which U-II triggers inflam-
matory responses and activates signaling pathways (EPK1/2, NF-κB and Rho/ROCK).
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TO THE EDITOR
We read the observational study reported by Alicic et al[1], who have convincingly shown the role of 
elevated urotensin II (U-II) level in patients with inflammatory bowel disease (IBD). IBD comprising 
Crohn’s disease (CD) and ulcerative colitis (UC) is a multifactorial condition of relapsing chronic inflam-
mation in the gastrointestinal tract with an unpredictable course[2]. In addition, extraintestinal manifest-
ations of IBD cardiovascular risk factors occur frequently and contribute to morbidity and reduced 
quality of life[3-5].

U-II is a peptide ligand that acts as a potent vasoconstrictor, which was originally discovered four 
decades ago. The vasoconstriction activity of U-II is 10-fold more potent than that of endothelin-1[6]. 
Most studies of U-II have been conducted to understand its role in the development of cardiovascular 
diseases[7]. A growing number of scholars have recognized the links of U-II levels with malignant 
lesions associated with the liver, pancreas and gut[8]. Whether U-II participates in the initiation and 
progress of IBD has always intrigued contemporary gastroenterologists. This observational study 
reported the potential relationship of U-II and IBD, which provides the field with new knowledge and 
attracted our attention.

Alicic et al[1] compared the blood level of U-II in IBD patients and healthy controls, and investigated 
the association of U-II levels with the anthropometric, clinical and biochemical parameters. The study 
included 50 adult patients with prediagnosed IBD (24 with UC and 26 with CD) and 50 healthy, age- 
and gender-matched controls. IBD patients had significantly higher U-II level than control subjects had. 
Significant positive correlations between serum U-II level and high-sensitivity C-reactive protein 
(hsCRP) level, UC Endoscopic Index of Severity and Simple Endoscopic Score for CD were observed. 
Whether these clinical data imply the involvement of U-II in the inflammatory responses and disease 
outcomes of IBD patients remains to be confirmed.

The action of U-II is mediated by U-II receptor (UTR). UTR is also called GPR14, which is a G-protein-
linked receptor[9]. Both U-II and UTR can be found in various cells of the cardiovascular, pulmonary 
and central nervous systems, kidneys, and other metabolic organs and tissues. The biding of U-II as a 
ligand activates UTR, which mobilizes calcium in the cytoplasm, induces proliferation of smooth 
myocytes, and triggers inflammation[10,11]. As expected, the level of inflammatory factor hsCRP in IBD 
patients is significantly higher than that in healthy controls.

The study by Alicic et al[1] is the first clinical study to investigate blood UII level in both UC and CD 
patients. However, limitations can be seen, which could bolster the authors’ conclusions if resolved: (1) 
This single center study only had 50 subjects each in the IBD and control groups. If more institutions 
were included in a multicenter investigation and more patients were recruited, the conclusions would 
become more convincing and relevant. Therefore, large multicenter studies are anticipated in the future; 
and (2) the results showed that elevation of blood U-II level was associated with disease development 
and progression, and attributed to the inflammation mediated by hsCRP. However, the levels of other 
inflammatory factors were not measured (e.g., interleukin-6, interleukin-8, and tumor necrosis factor-α). 
Their level and involvement in the elevated U-II concentration and inflammatory responses in those 
patients should be clarified. Regarding the mechanisms, it is possible that U-II as a ligand activates 
pathways that stimulate the release of inflammatory effectors, such as the cytokines listed above. These 
cytokines may potently activate signaling pathways consisting of EPK1/2, NF-κB and Rho/ROCK, 
which regulate a variety of downstream inflammatory responses[12-14]. Whether those cytokines and 
U-II act against each other or in concert to form a system influencing the host inflammation status 
remains to be answered. In the future, gastroenterologists should investigate how U-II interacts with 
other inflammatory mediators, and how U-II modifies those signaling pathways to potentiate IBD 
severity in various in vivo and in vitro systems. In so doing, more results could be collected and 
analyzed, which are needed to form theoretical and practical evidence to guide prevention and 
treatment of cardiovascular complications in IBD. Additionally, antagonists to the UTR activation 
system could also be developed, which may counteract any detrimental effects due to increased level of 
U-II in patients with IBD.
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Abstract
End-stage liver disease is frequently caused by hepatitis B virus (HBV) and 
alcohol consumption. Notably, the mechanism by which alcohol affects the course 
of HBV-associated liver disease is unknown, and additional research is needed in 
this area. A reduced immunological response, oxidative stress, endoplasmic 
reticulum stress, Golgi apparatus stress, and enhanced HBV replication are a few 
potential causes.
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Core Tip: In this letter to the editor, we comment on and discuss the combined effects of 
alcohol consumption and hepatitis B virus (HBV) infection in the progression of liver 
diseases. In the worst evolution of end-stage liver pathologies, a concordant clinical 
relationship between alcohol consumption and HBV infection starts to be revealed. 
There are many potential causes, but some might include increased viral replication, 
oxidative stress on cellular organelles, and weakened immune responses. Understanding 
these precepts will open new avenues in managing and treating these patients.
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TO THE EDITOR
We have read with great attention and special interest the review by Ganesan and collaborators entitled 
“Role of alcohol in the pathogenesis of hepatitis B virus (HBV) infection”[1]. The authors examine the 
potential mechanisms by which alcohol results in an increased risk of HBV-associated liver disease. 
HBV infection combined with alcohol usage accelerates the progression of liver damage[2,3], primarily 
hepatocellular carcinoma, the fifth most common type of cancer. The mechanisms behind these adverse 
effects of alcohol in HBV-positive patients are unknown. Chronic alcohol consumption changes the 
architecture of the liver and reduces its functional capability.

The effects of alcohol metabolism on protein function, DNA, immune system changes, and oxidative 
stress impact both hepatocytes and other liver cells. Because the liver is the central location for the 
replication of hepatotropic viruses (HCV and HBV), ethanol metabolism is linked to viral hepatitis[4,5].

Regarding the immune system, the early stages of viral infections result in the generation of 
interferon (IFN) type 1 and the activation of natural killer (NK) cells. IFN type 1 and other antiviral 
cytokines, which HBV induces, are not particularly efficient. According to various investigations of 
persistent HBV infection, NK cells exhibit varying alterations in quantity, phenotype, and/or function. 
HBV-infected hepatocytes are cleared more quickly when activated NK cells are present. However, 
when chronic infection progresses, the tolerogenic actions of liver ligands and cytokines can inhibit both 
NK and T cells, limiting their antiviral activity[6,7]. According to reports, alcohol has an impact on NK 
cell antiviral activity during acute HBV infection[8].

The large, medium, and small forms of HBsAg, as well as the hepatitis B virus core antigen (HBcAg) 
and hepatitis B e antigen (HBeAg), can all be targeted by polyclonal antibodies produced by B cells in 
chronic HBV-infected patients[9]. During acute HBV infection, distinct antibodies are produced against 
the HBV surface antigen and the HBV core antigen. Anti-HBc is a marker for current or past infection, 
whereas anti-HBs signifies sickness remission[10]. Alcohol may reduce the number of B cells, decreasing 
HBV antibodies by weakening B cell immunological responses[11].

The B cell response to acute HBV infection is less well understood, but HBV-specific CD4+ and CD8+ 
T cell-mediated responses usually become detectable as HBV replication increases exponentially[12,13]. 
Numerous studies have demonstrated a substantial correlation and link between acute hepatitis, CD4+ 
T cell response, and viral shedding[14-16].

Cytotoxic T lymphocytes (CTLs) that express particular T cell receptors are in charge of eliminating 
HBV-infected hepatocytes in HBV infection. CTL activation may be diminished, which thus prevents 
clearance of HBV-infected hepatocytes when the viral peptide/MHC class I complex display in HBV-
infected hepatocytes is compromised[17]. The body's capacity to eliminate HBV may be diminished due 
to ethanol consumption, allowing the virus to persist and eventually produce end-stage liver disorders 
such as cirrhosis and hepatocellular carcinoma.

The immune response in the liver is meticulously regulated by signals from the commensal 
microbiota in the gut. Additionally, drinking alcohol causes the close connections between intestinal 
epithelial cells to weaken, allowing germs to enter the bloodstream and cause an infection[18-20].

However, hepatic metabolism of ethanol may increase the production of reactive oxygen species 
(ROS), principally hydrogen peroxide and superoxide anion[21].

Recent studies have shown that the ethanol metabolite acetaldehyde can suppress proteasome 
activity, which is essential for producing antigenic peptides for MHC class I-restricted antigen 
presentation and can also cause lipid peroxidation, the formation of protein adducts with 4-hydroxyn-
onenal and malonaldehydes (oxidative stress markers). This reduces the HBV-MHC peptide class I 
complex exposure to CTL identification and restricts the removal of infected cells[1], which causes HBV 
persistence and ensuing end-stage liver disease. HBV and alcohol addiction stresses the endoplasmic 
reticulum (ER), and these two stresses may have additive or synergistic effects. Alcohol has been shown 
to synergistically cause ER stress when other substances, the environment, or a viral illness are present
[22]. The increase in HBV DNA, HbsAg, and HBx protein caused by alcohol may be the mechanism by 
which alcohol induces ER stress in HBV infection. A strained Golgi apparatus frequently matches a 
stressed ER.

Further study in this area is required since the interaction of alcohol misuse and HBV infection can be 
harmful. Future research should examine how alcohol metabolism affects innate IFN responses and 
IFN-stimulated gene activation throughout the pathogenesis of HBV infection, as well as if IFN therapy 
might be an effective treatment option for alcoholics with HBV infection.
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Additionally, there is a significant gap between the role of alcohol in controlling B cell function and 
its contribution to the pathogenesis of HBV, necessitating further research in this area. To fully 
comprehend the processes of alcohol-induced impairment and investigate the effects of ethanol on 
MHC class II presentation, which is mainly catalyzed by effector cells, additional studies examining the 
relationship between alcohol and HBV adaptive immune response are required.
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Abstract
We found a mistake in Figure 6. Panels A (Sham group) and F (DFX group) (180 
degrees rotated) is same images. We have replaced the incorrect images (Panels F) 
with the correct Figure. This error does not change the meaning of the picture or 
the conclusion of the manuscript. We apologize for our unintentional mistakes, 
which caused great inconvenience.

Key Words: Heme oxygenase-1; Hepcidin; Iron accumulation; Oxidative stress; Portal vein 
pressure; Carboxyhemoglobin; Bile duct ligation
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Core Tip: We found a mistake in Figure 6. Panels A (Sham group) and F (DFX group) 
(180 degrees rotated) is same images. We have replaced the incorrect images (Panels F) 
with the correct Figure. This error does not change the meaning of the picture or the 
conclusion of the manuscript. We apologize for our unintentional mistakes, which 
caused great inconvenience.
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Figure 1 erl’s Prussian blue staining, levels of hepcidin, serum and liver iron. A: No iron accumulated in the Sham group; B: A small amount of iron 
mainly accumulated on Kupffer cells in the bile duct ligation (BDL) group; C: Much more iron accumulation was found in interlobular and macrophagocytes in the 
cobalt protoporphyrin (CoPP) group; D and F: Almost no iron accumulation was detected in the zinc protoporphyrin (ZnPP) group and deferoxamine (DFX) group; E: 
Massive iron accumulation was observed in the Fe group; G and H: There were no differences in the hepatic and serum iron content of these six groups; I: Plasma 
hepcidin also was measured by enzyme-linked immuno sorbent assay (magnification × 400). Values are expressed as mean ± SE (n = 6). bP < 0.01 vs Sham group; c
P < 0.05, dP < 0.01 vs BDL group; eP < 0.05 vs ZnPP group.

TO THE EDITOR
We found a mistake in Figure 6. Panels A (Sham group) and F (DFX group) (180 degrees rotated) is 
same images. We have replaced the incorrect images (Panels F) with the correct Figure 1. We only 
revised the incorrect figure, and the Manuscript NO: 75978 don't need to revise[1].
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