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Abstract

Nonalcoholic fatty liver disease (NAFLD) is the commonest

WIJG | https:/ /www.wjgnet.com
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chronic liver disease in high-income countries and is
associated with increased morbidity and mortality. Macro-
phages appear to play an important role in the devel-
opment and progression of hepatic fibrosis in patients
with NAFLD. Accordingly, modulation of macrophage
trafficking might represent an attractive therapeutic stra-
tegy in this population. Cenicriviroc is an oral inhibitor
of the chemokine ligand 2/C-C chemokine receptor 2
pathway, which plays an important role in the hepatic
recruitment of the macrophages. Preclinical studies and a
phase 2b study in humans suggest that this agent might
hold promise in the management of NAFLD.

Key words: Cenicriviroc; Macrophages; Nonalcoholic fatty
liver disease; Fibrosis; Nonalcoholic steatohepatitis

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Macrophages appear to play an important role
in the development and progression of hepatic fibrosis
in patients with nonalcoholic fatty liver disease (NAFLD).
Accordingly, modulation of macrophage trafficking might
represent an attractive therapeutic strategy in this popu-
lation. Cenicriviroc is an oral inhibitor of the chemokine
ligand 2/C-C chemokine receptor 2 pathway, which
plays an important role in the hepatic recruitment of the
macrophages. Preclinical studies and a phase 2b study in
humans suggest that this agent might hold promise in the
management of NAFLD.

Neokosmidis G, Tziomalos K. Role of cenicriviroc in the
management of nonalcoholic fatty liver disease. World J
Gastroenterol 2018; 24(48): 5415-5417

URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5415 .htm
DOIL: https://dx.doi.org/10.3748/wjg.v24.148.5415

INTRODUCTION

The prevalence of nonalcoholic fatty liver disease (NAFLD)
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Figure 1 Molecular pathway through which cenicriviroc acts. TGFf:
Transforming growth factor 3; PDGF: Platelet-derived growth factor; MMPs:
Matrix metalloproteinases; CCL-2/CCR2: Chemokine (C-C motif) ligand 2/ C-C
chemokine receptor 2.

is increasing worldwide and NAFLD has become the
most predominant liver disease in Western countries
due to the pandemic of obesity, metabolic syndrome
and type 2 diabetes™. The histopathological spectrum
of NAFLD ranges from isolated steatosis to nonalcoholic
steatohepatitis (NASH) and cirrhosis, and NAFLD is asso-
ciated with increased risk for hepatocellular carcinoma
(HCO)™.,

The mainstay of treatment of NAFLD is weight loss
through diet and exercise®. However, many patients
cannot achieve or sustain weight loss®!. Accordingly,
pharmacotherapy is required in a considerable propor-
tion of patients with NAFLD, particularly those with ad-
vanced fibrosis, who are at higher risk for liver-related
complications*?,

Hepatic macrophages play an important role in
the pathogenesis of acute and chronic liver injury™*.
Hepatic macrophages are a heterogenous population,
consisting of Kupffer cells (KCs) and monocyte-derived
macrophages (MoMF), which are recruited from the
circulation to the liver™®, KCs activate hepatic stellate
cells (HSCs) through the production of pro-fibrotic cyto-
kines transforming growth factor g (TGFB) and platelet-
derived growth factor (PDGF)*?!. On the other hand,
KCs also secrete matrix metalloproteinases (MMPs),
resulting in resolution of fibrosis™**!. Therefore, hepatic
macrophages appear to exert both pro- and anti-fibrotic
functions™?!. In cases of hepatic injury, Ly-6C" monocytes
differentiate into proinflammatory macrophages, which
interact with HSCs to promote fibrosis through the
production of TGFR™*', The chemokine (C-C motif) ligand
(CCL) 2/C-C chemokine receptor 2 (CCR2) pathway
plays an important role in the hepatic recruitment of the
Ly-6C" monocytes*?!, On the other hand, a recent study
showed that phagocytosis of cellular debris facilitates
a phenotypic switch from Ly-6C™ macrophages to Ly-
6C°" macrophages™”!. The Ly-6C"" monocyte is the
main source of MMPs and promotes fibrosis resolution™*!
(Figure 1).

CENICRIVIROC IN NAFLD

Given the important role of hepatic macrophages in the
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pathogenesis of liver fibrosis, targeting these cells might
represent a promising approach in the management of
NAFLD. Krenkel et al*® recently reported an increased
number of CCR2* macrophages in patients with NASH
and either advanced fibrosis (stage 3) or cirrhosis (stage
4). It was also shown that cenicriviroc (CVC), an oral
CCR2/CCRS5 antagonist, prevents macrophage trafficking
and hepatic infiltration by CCR2*" MoMFs and might there-
fore be useful in the prevention and/or resolution of hepa-
tic fibrosis in patients with NAFLD™’,

Several animal studies evaluated the antifibrotic
potential of CVC. Kruger et al’! administered CVC 10
mg/(kged) or 30 mg/(kged) for 4 wk and 20 mg/(kg-d)
or 30 mg/(kged) for 14 wk in mice fed with a choline-
deficient, L-amino acid- defined, high-fat diet (CDAHFD).
A second group of mice was fed with standard chow
and did not receive CVC. At 4 and 14 wk, livers were
harvested for histology and flow cytometric analyses of
intrahepatic cells. Serum alanine transaminase (ALT)
and aspartate transaminase (AST) levels were normal in
the standard chow group but were elevated in CDAHFD-
fed, untreated control mice. In contrast, the CDAHFD-
fed mice that were treated with CvBC 10 mg/(kg-d) and
30 mg/(kged) for 4 wk experienced a reduction in ALT
levels. Moreover, after 4 wk of high-dose CVC treatment,
a significant decrease in the number of intrahepatic
Ly6-C"" macrophages was observed relative to the
vehicle control. The intrahepatic CCR2" macrophages
also decreased with 4 wk of CVC treatment whereas
CCR5* macrophages were not affected. Therefore, CVC
appears to have greater affinity for CCR2 than for CCR5
in mice. Kruger et al”? also noticed a significant decrease
in hepatic fibrosis in mice that received high-dose CVC
treatment for 14 wk compared with vehicle controls.
In another study, CVC reduced monocyte/macrophage
recruitment at doses > 20 mg/(kgsd) in a mouse model
of thiaglycalate-induced peritonitis®®. At these doses,
CVC also prevented hepatic fibrosis in a rat model of
thioacetamide-induced liver fibrosis and in a mouse
model of diet-induced NASH. A reduction in NAFLD
activity score (NAS) and in plasma ALT levels was also
observed with CVC treatment™®. In another animal model
of carbon tetrachloride-induced acute liver injury, mice
received CVC or a vehicle control solution orally before
the administration of carbon tetrachloride and after 12 h
and 24 h™., CVC treatment reduced the number of F4/80
positive macrophages in the liver, particularly in the
periportal and necrotic areas. Reductions in ALT levels
and in the necrotic area at 36 h were also observed™.

Recently, the results of the CENTAUR study were
published™. This was a phase 2b, double-blind, placebo-
controlled, multinational study that randomized 289
patients with NASH, NAS = 4 with = 1 in each compo-
nent and stage 1-3 liver fibrosis to receive CVC 150 mg
per os once daily or placebo. After 1 year of treatment,
the primary endpoint (= 2-point improvement in NAS
with = 1-point reduction in either lobular inflammation
or hepatocellular ballooning and no worsening of fibro-
sis) in the intent-to-treat population was achieved in
a similar proportion of subjects on CVC and placebo

December 28, 2018 | Volume 24 | Issue 48 |



(16% vs 19%, respectively; P = 0.52). Resolution of
steatohepatitis and no worsening of fibrosis, a key secon-
dary outcome, was also observed in similar rates in the
2 groups (8% vs 6%, respectively; P = 0.49). However,
improvement in fibrosis by = 1 stage and no worsening
of steatohepatitis, another key secondary outcome, was
observed in more patients on CVC than placebo (20%
vs 10%, respectively; P = 0.02). Patients with higher
NAS, prominent hepatocellular ballooning, higher fibrosis
stage, mild or no portal inflammation and with higher
body mass index showed greater improvements with
CVC treatment. The levels of biomarkers of systemic
inflammation (high-sensitivity C-reactive protein, inter-
leukin-6 and 1B, and fibrinogen) and of monocyte acti-
vation (sCD14) decreased in patients treated with CVC.
On the other hand, CCL-2 and -4 increased in CVC-
treated patients, confirming CCR2 and CCR5 blockade
by CVC. Importantly, safety and tolerability of CVC were
comparable to placebo™”. AURORA, a phase II study, will
evaluate the effects of CVC on hepatic fibrosis in 2000
patients with NASH and is expected to be completed in
2019"Y,

CONCLUSION

Cenicriviroc appears to represent a promising tool in
the management of patients with NAFLD. However,
larger studies are needed to clearly define the safety
and efficacy of this novel agent in this highly prevalent
disease.
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Abstract

Therapeutic options for the treatment of colorectal cancer
(CRC) are diverse but still not always satisfying. Recent
success of immune checkpoint inhibition treatment for
the subgroup of CRC patients suffering from hyper-
mutated tumors suggests a permanent role of immune
therapy in the clinical management of CRC. Substantial
improvement in treatment outcome could be achieved
by development of efficient patient-individual CRC
vaccination strategies. This mini-review summarizes
the current knowledge on the two general classes of
targets: tumor-associated antigens (TAAs) and tumor-
specific antigens. TAAs like carcinoembryonic antigen
and melanoma associated antigen are present in and
shared by a subgroup of patients and a variety of clinical
studies examined the efficacy of different TAA-derived
peptide vaccines. Combinations of several TAAs as the
next step and the development of personalized TAA-based
peptide vaccines are discussed. Improvements of peptide-
based vaccines achievable by adjuvants and immune-
stimulatory chemotherapeutics are highlighted. Finally,
we sum up clinical studies using tumor-specific antigens
- in CRC almost exclusively neoantigens - which revealed
promising results; particularly no severe adverse events
were reported so far. Critical progress for clinical outcomes
can be expected by individualizing neoantigen-based
peptide vaccines and combining them with immune-
stimulatory chemotherapeutics and immune checkpoint
inhibitors. In light of these data and latest developments,
truly personalized neoantigen-based peptide vaccines
can be expected to fulfill modern precision medicine’s
requirements and will manifest as treatment pillar for rou-
tine clinical management of CRC.
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Core tip: Peptide vaccines are a promising tool for colo-
rectal cancer (CRC) treatment. Direct comparison of
tumor-associated antigens (TAAs) and neoantigens re-
veals clear superiority of the latter for several reasons.
TAAs, albeit easier to identify and even shared by many
patients, did not prove effective in clinical trials. Addi-
tionally, and due to their unspecificity, they frequently
trigger severe adverse events. This risk is neglectable
for tumor-specific neoantigens - thus compensating for
the costly and laborious identification of such antigens
expressed in individual patient tumors. Intelligent modern
CRC vaccines will likely combine several or even many
individual neoantigen-derived peptides with immuno-
chemotherapy, adjuvants or further immuno-modulators.

Wagner S, Mullins CS, Linnebacher M. Colorectal cancer
vaccines: Tumor-associated antigens vs neoantigens. World J
Gastroenterol 2018; 24(48): 5418-5432

URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5418.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i148.5418

INTRODUCTION

Therapy of colorectal carcinoma (CRC) has been im-
proved over the years with advanced surgical and che-
motherapeutic procedures but challenges in sight of
efficiency and adverse effects must still be accomplished.
Especially late stage CRC patients still have a relatively
poor prognosis. Only recently, immunotherapy has rea-
ched general clinical acceptance with the break-through
results of immune checkpoint inhibition for selected
cancer types or subgroups - also for CRC.

One approach further improving this type of CRC
therapy is the vaccination with peptides alone, peptide-
expressing viruses, peptide-loaded antigen presenting
cells or application of peptide-specific T cells. Historically,
the development of such cancer vaccines started with
peptides derived from tumor-associated antigens (TAAs).

TAAs

TAAs are proteins that are significantly over-expressed
in cancer compared to normal cells and are therefore
also abundantly presented on the cancer cell’s surface.
Peptides of these TAAs bound to human leukocyte anti-
gen (HLA) can be recognized by T cells initiating an anti-
cancer immune response (Figure 1). Therefore, these
TAAs have been used as target structures for the devel-
opment of cancer vaccines (see Table 1 for an overview
of CRC focused clinical studies).
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Carcinoembryonic antigen

One of the first TAAs ever identified was the carcino-
embryonic antigen (CEA) which is also overexpressed in
CRC™. In initial in vitro experiments, it could be proven
that CEA-derived peptide-loaded dendritic cells (DCs)
are able to induce CEA-specific cytotoxic T lymphocyte
(CTL) activity™. However, a CEA-derived peptide with
low avidity led to an inefficient immune response lacking
activated CTLs™!. The explanation for such inefficient T
cell activation lies in the fact that TAAs like CEA are not
really cancer specific but are also expressed by normal
epithelial cells. Therefore, the organism must, for the
most part, be tolerant to such TAAs in order to prevent
autoimmunity.

Consequently, different approaches for modifying
CEA vaccines were developed to overcome or weaken
this immune tolerance. Using an altered peptide ligand
of CEA with higher HLA binding affinity could efficiently
activate specific CTLs in vitro'. Another way to enhance
specific T cell activation was the development of DNA
vaccines encoding the CEA-derived peptide(s) together
with sequences for stimulating cytokines, adjuvants or
supportive T helper cell epitopes. In murine models,
this kind of vaccine showed higher T cell activation in
comparison to peptide-only vaccines™®. However, in
clinical trials, the efficacy of CEA peptide vaccines was
overall not satisfying, clinical response rate did not
exceed 17 %%,

Melanoma associated antigen

The melanoma associated antigen (MAGE), first dis-
covered in melanomas, belongs to the group of cancer/
testis antigens. This subgroup of TAAs is expressed
only in testis and cancer cells. MAGE has subsequently
been found to be expressed in the majority of adeno-
carcinomas. The rate of CRCs identified as being MAGE-
positive strongly varied between different studies
and MAGE variants: 14 % for MAGE-A™, 51 % for
MAGE-A1-6"% and 28 % for MAGE-A3""?,

A clinical benefit by a MAGE-directed vaccination
therapy could be shown in a case study by Takahashi
et al™¥. They reported that a synthesized helper/killer-
hybrid epitope long peptide of MAGE-A4 is able to
induce an orchestrated CD4" and CD8" immune re-
sponse leading to a slightly decreased tumor growth
and resulting in stable disease. In a vaccination study
investigating different TAAs, an increase in specific
CTLs could be detected but clinical response was not ob-
served™,

Other TAAs

Progress in CRC vaccine development was made also
with a variety of other TAAs. A peptide vaccination
consisting of two different 9-mers derived from MUC-1
combined with CpG oligonucleotides and granulocyte
macrophage colony-stimulating factor (GM-CSF) as
adjuvants reduced tumor burden in a MUC1.Tg mouse
model. In the prophylactic setting, even a complete
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Figure 1 Comparison of tumor-associated antigens and tumor-specific antigens properties. The figure depicts properties and processing steps of antigens
which are either tumor associated (TAA; blue; left side) or tumor specific (TSA; pink; right side). The course until antigen processing includes the following steps:
transcription of genomic locus (TAA, blue) or mutation containing locus (TSA; pink), translation and RNA processing, protein degradation and MHC molecule loading
and finally presentation of the antigen (TAA or TSA) on the cell surface embedded in MHC molecules. TAA-proteins are expressed to a high level in the tumor and
to a low level in other organs and tissues (blue sprinkled patient). The neo-antigenic part of the TSA-protein is solely expressed in the tumor (pink sprinkled tumor).
Recognition of the tumor cell by T cells (Tc, e.g., CTL) takes place via the T cell receptor (TCR; green). The avidity is increased for TSAs (indicated by the “speedlines”
on the right side of the Tc). The tumor may counteract the immune recognition by expression of immune checkpoint molecules such as PD-L1 (orange). This occurs to
a much higher extent in TSA baring than in merely TAA baring tumors. The middle panel indicates the degree of T cell avidity (first bar), extent of immunogenicity/T cell
specificity (second bar), level of immune escape / checkpoint expression (third bar), shared antigen character (fourth bar), risk of side effects (fifth bar) and cost-labor
efficacy (sixth bar) ranging from low (red) to high (green). APM: Antigen-presenting machinery; TAA: Tumor-associated antigens; TCR: T cell receptor; TSA: Tumor-
specific antigen.

protection against a syngeneic colon cancer cell line was
achieved and attributed to the MUC 1-specific activation
of the immune system™®, However, these promising
results could not be proven in clinical trials. Although an

therapy.

COMBINATION OF TAAs

increase in anti MUC1 IgGs could be detected, neither
cellular nor clinical response was observed™”*%.,

CRC patients treated with survivin-derived peptide-
pulsed DCs showed an increased number of specific
CTLs*?4, In a minority of patients, also a drop in level of
tumor markers and even in total tumor volume was wit-
nessed™",

Furthermore, success was achieved in CRC-focused
studies on vaccination with peptides obtained from
Wilms tumor 1 proteint*, transmembrane 4 superfamily
member 5 protein®®®!, mitotic centromere associated
kinesin®*"! and epidermal growth factor receptor®,

Of note and in contrast to other tumor entities, NY-
ESO-1 is not overexpressed in CRC!**%*?"! and has
therefore not been exploited as a target for immuno-
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Single peptide vaccines often showed a significant
immune response which was, however, not accompanied
by a significant reduction of tumor burden. Thus, sub-
sequent vaccination studies included more than one TAA-
derived peptide to ameliorate clinical response.

After the identification of the ring finger protein
43 (RNF43) as a CTL-inducing peptide'®®, it was often
investigated in combination with other peptides. At first
Okuno et af*' combined chemotherapy with a RNF43
and a 34-kDa translocase of the outer mitochondrial
membrane (TOMM34) peptide in a phasel clinical
trial which resulted in 83 % stable disease and a mean
survival time of 24 mo, but no reduction in tumor burden
was observed. The efficiency of inducing specific CTLs
by RNF43 and TOMM34 was also proven by additional
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Table 1 Clinical vaccination trials focused on colorectal cancer patients

Target Target Vaccination Therapy No. of CRC Clinical Ref.
type molecule strategy Patients response
TAA CEA Altered peptide loaded on DC 10/12 2CR,2SD,1 MR, [8]
7 PD
TAA CEA CEA peptides pulsed DC 10 28D, 8 PD [9]
TAA CEA CEA peptides pulsed DC 10 7 had CTL increase [10]
TAA MAGE MAGE-A-pulsed DC 21 21 PD [15]
TAA MAGE synthesized helper/killer-hybrid epitope 1 SD [14]
long peptide (H/K-HELP) of MAGE-A4
TAA MUC1 MUC1-mannan fusion protein Chemo- 18 2SD, 16 PD [17]
therapy
TAA MUC1 100-amino acid synthetic MUC1 peptide 39 20 responders  [18]
with Poly-ICLC (IgG), 19 non-
responders
TAA MUC1 irradiated allogeneic colorectal carcinoma 9 4 CR, 5 PD [19]
cell lines with GM-CSF-producing
bystander cell line (K562)
TAA Survivin survivin-2B peptide 15 1MR,3SD,11 PD [21]
TAA WT1 HLA-A or HLA-DR restricted peptides on ~ Chemo- 3 35D [22]
DCs therapy
TAA RNF43, TOMM34 peptides,with Montanide ISA 51 Chemo- 21 16 SD [29]
therapy
TAA RNF43, TOMM34 HLA-A*2402-restricted peptides Chemo- 22 13 CTL induction [31]
therapy
TAA RNF43, TOMM34 Peptides with Montanide ISA 51 24 6 SD, 18 PD [30]
TAA + RNF43, TOMM34, FOXM1, MELK, HJURP, HLA-A2402- Chemo- 30 3PR,15SD,12PD [32]
VEGFR VEGFR-1, VEGFR-2 restricted peptides with Montanide ISA 51  therapy
TAA + RNF43, TOMM34, KOC1, VEGFR-1, HLA-A*2402-restricted peptides with 19 1CR,6SD,12PD [33]
VEGFR VEGFR-2 Montanide ISA 51
PPV TAA cypB, Ick, SART 1-3, ART4 2-4 HLA-A24-restricted Peptides matching 10 1PR,1SD,8PD [34]
to patient’s pre-vaccination immune
response with Montanide ISA 51
PPV TAA SARTS3, Lck, WHS, HNR, MRP3, PAP, 2-4 HLA-A24- or HLA-A2 restricted Chemo- 7 18D, 6 PD [35]
EZH?2, CEA, PSCA, UBE, Her2/neu, PSA, Peptides matching to patient’s pre- therapy
CypB vaccination immune response with
Montanide ISA 51
PPV TAA SART2-3, Lck, MRP3, EIFAEBP, WHSC2, 2-4 HLA-A24- or HLA-AZ2 restricted Chemo- 14 3MR,3SD,8PD [36]
CypB, CEA, UBE, Her2/neu, Peptides matching to patient’s pre- therapy
vaccination immune response with
Montanide ISA 51
Neoantigen AIM2(-1), HT001(-1), TAF1B(-1) Frameshift peptides with Montanide ISA 22 16 immune [52]
51 response (CTL/
IgG induction)
Neoantigen KRAS 13-mer ras peptide with Detox adjuvant 10 18D, 2 cytotoxic  [62]
activity
Neoantigen KRAS 13-mer ras peptide with Detox adjuvant 7 4 remained with  [64]
no evidence of
disease
Neoantigen KRAS 13-mer ras peptide with II-2 or GM-CSF or 38 4D, 34 PD [66]
both

CRC: Colorectal cancer; CR: Complete response; CTL: Cytotoxic T lymphocyte; DC: Dendritic cell; GM-CSF: Granulocyte macrophage colony-stimulating
factor; HLA: Human leukocyte antigen; MR: Minor response; PD: Progressive disease; PR: Partial response; SD: Stable disease; CEA: Carcinoembryonic
antigen; TAA: Tumor-associated antigen.

[30,31]

studies the number of vaccine peptide-specific CTL responses

To further improve clinical response, Okuno et a/***!
tested a seven peptide vaccine containing peptides from
RNF43, TOMM34, forkhead box M1, maternal embryonic
leucine zipper-kinase, holliday junction recognizing-
protein and vascular endothelial growth factor receptor 1
and 2 (VEGFR-1 and VEGFR-2). In 9 out of 30 vaccinated
patients, a CTL response to all 7 peptides could be de-
tected including two of the three partial responders of
the study. Moreover, there was a correlation between
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and overall survival®. Similar results were observed in
a vaccination study with peptides from RNF43, TOMM34,
VEGFR-1 and VEGFR-2 as well as insulin-like growth
factor-1 mRNA binding protein 3%%.

PERSONALIZED PEPTIDE VACCINES

To further enhance the efficiency of cancer vaccines,
the next wave of trials focused on personalized pep-
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tide vaccines. This personalization was achieved by
measuring existing peptide-specific CTL precursors in the
patients’ blood, as well as screening for peptide-specific
IgGs, followed by vaccination with CTL-reactive peptides.

In a phasel clinical trial, Sato et al* treated 10
CRC patients with 2-4 matching peptides derived from
cytochrom B, intestinal cell kinase, squamous cell carci-
noma antigen recognized by T cells (SART)1-3 and ADP-
ribosyltransferase 4. Peptide specific CTLs increased in
50 % of patients, peptide specific IgGs in 60 %. In half
of the patients an elevated functional CTL activity was
observed in cytotoxicity assays. In spite of this enhanced
immune response, only two patients could clinically bene-
fit from vaccination and had a partial response (reduction
of metastasis’ volume) and a stable disease, respectively.

In a subsequent study, the effect of a personalized
peptide vaccine in combination with a 5-fluorouracil deri-
vative was investigated®. After six vaccinations, six
out of seven patients responded to at least one peptide
with increased CTL and IgG levels. But only one patient
showed stable disease. He responded to peptides derived
from SART3, Tyrosine-protein kinase Lck and Wolf-Hirsch-
hom syndrome protein.

The combination of personalized peptide vaccination
and chemotherapy resulting in clinical benefit was also
proven in a further study. Hattori et al. vaccinated 14
metastatic CRC patients with up to four personal HLA-
matched peptides. This was combined with a 5-fluoruracil
based standard chemotherapy™. Although neither
partial nor complete responses were obtained, three
patients showed minor response, defined as a reduction
in tumor size. Furthermore, three additional patients had
stable disease. The strongest immune responses were
induced by peptides derived from SART2/3, multidrug
resistance-associated protein 3, Her2/neu, cytochrome B,
ubiquitin-conjugating enzyme E2 and CEA.

Besides, it could be proven that the number of pep-
tides with increased CTL responses after vaccination
was also significantly predictive of favorable overall
survival® similar to the correlation found in studies with
combinations of TAA vaccines™.

NEOANTIGENS - TRULY TUMOR-
SPECIFIC ANTIGENS

The stepwise acquisition and accumulation of mutations
has been generally recognized as major mechanism for
cancer initiation and progression. It not only leads to
enhanced or reduced expression of genes but also to the
expression of sequence-modified proteins - the so-called
neoantigens (see Figure 1). Hence, the probability of
creating neoantigens is rising simply with the number of
mutations present in a given cancer cell®®. But the muta-
tional burden and therefore the potential of expressing
neoantigens varies clearly between different cancer
entities. The highest somatic mutation frequency of
around 10 mutations per megabase is found in cancers of
the skin, lung and colorectum resulting in the expression
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of approximately 150 nonsynonymous mutations within
expressed genes™,

A hyper-mutational burden is caused by a deficiency
in the mismatch repair system. This leads to replication
errors especially in regions with repetitive nucleotides
which are found in coding microsatellites. A mismatch
repair deficient tumor shows microsatellite instability
(MSI) with a huge variety of mutations. A similar or even
still higher mutational burden can be caused by a muta-
tion in the catalytic subunit of DNA polymerase epsilon
(POLE) leading to hypermutation independent of MSI.

Because high neoantigen load of CRC has repeatedly
been correlated with improved patient survival*®*4,
neoantigens have only recently been accepted as ideal
targets for successful immunotherapy. In addition, as
neoantigens are truly tumor-specific antigens (TSA)
only presented by cancer cells but not by normal cells,
the immune system can easily distinguish between
malignant and healthy tissue - minimizing the risk of vac-
cination-induced severe adverse events (SAEs).

TGFBRII and other frameshift mutations

Studies focused on single nuclectide insertions or dele-
tions in coding microsatellites and identified several
proteins frequently affected by frameshift mutations
in MSI™" CRCs. Early a short form of the transforming
growth factor beta receptor 2 (TGFBRII) was identified
as such a frameshifted and therefore truncated protein
with a role in tumor progression.

It could be proven that a 23-mer peptide derived
from frameshift mutated TGFBRII is able to induce T cell
proliferation predominantly in CD4" T (helper) cells™*.
This promising result was confirmed by results from a
frameshift mutated TGFBRII-derived 9-mer peptide™.
But in contrast to the former study, the induced T cells
were predominantly CD8" and, more important, these
activated T cells were able to lyse TGFBRII -mutated CRC
cells in a HLA-restricted fashion.

TGFBRII -mutation-reactive T cells were also able to
decrease tumor load in a mouse model and even signifi-
cantly prolong survival™ underlining the potential of
frameshifted TGFBRIT as immunotherapeutic target.

In further studies, it was proven that peptides derived
from frameshifted caspase 5, mut-S homologue 3 and
O-linked N-acetylglucosamine transferase gene are
able to induce CTLs with cytotoxic activity against CRC
cells™*, In another approach, an antibody response
directed against frameshifted homeobox protein CDX2
was detected in serum of a CRC patient™®.,

There are several further candidate genes frequently
presenting with frameshift mutations in coding micro-
satellites: PTHL3, HT001, AC1, ACVR2, SLC23A1, BAX,
TCF-4 and MSH3™, In addition peptides derived from
frameshift-mutated MARCKS-1, MARCKS-2, TAF1B -
1, PCNXL2-2, TCF7L2-2, Baxo+1"" as well as CREBBP,
AIM2, EP300 and TTKPY have been suggested to be
taken into consideration for developing cancer vaccines
for MSI™" CRCs as auspicious experimental and bio-
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informatic data proved their importance.

In a first clinical trial, 22 CRC patients received vac-
cines containing peptides of frameshifted AIM2, HT001
and TAF1B™?, No vaccine-related SAEs were observed
and the induced immune response was significant: all
patients responded to at least one of the peptides.

KRAS: an example of point mutated genes

In the process of cancer development mutations resulting
in neoantigens can emerge in every coding region of the
DNA. Neoantigens caused by KRAS are one example
for point mutations in CRC. KRAS plays a major role in
intracellular signaling cascades and is found mutated in
more than 40 % of CRCs"***, Most frequent mutations
are located at codon 12 (G12D or G12V mutation) or 13
(G13D mutation) of the KRAS gene and result in single
amino acid substitutions in the expressed protein>*.,
Early approaches could prove that peptides derived from
mutated KRAS can stimulate CTLs in vitro™*® as well as
in pancreatic™®® and colorectal cancer®", A subsequent
study also investigated the cytotoxic activity of mutated
KRAS peptide-induced CTLs®®. Only 2 of 10 CRC patients
showed induction of peptide specific CD8" but in addition,
these cytotoxic T cells were able to lyse HLA-A2-positive
target cells incubated with the 10-mer mutant peptide.
Similar results were obtained in a xenograft study, where
peptide-specific T cells were able to delay the growth of
KRAS mutant pancreatic tumors'®,

In vaccination trials with peptides derived from
mutated KRAS, clinical benefits for patients could be
achieved. Although only two of seven CRC patients re-
sponded positive to a mutated KRAS peptide vaccination,
four remained with no evidence of disease’®. In a case
report, one CRC patient was treated with activated T
cells recognizing G12D KRAS™, After a single infusion,
all seven lung metastases regressed for 9 mo until 1
metastatic lesion progressed.

To further enhance the immunological response in
CRC patients, Rahma et al. combined the peptide vac-
cination of mutated KRAS with IL-2 or GM-CSF®®. The
strongest immune response could be detected in the
group with GM-CSF as adjuvant; all CRC patients had an
increase in interferon producing, specifically-activated T
cells. Despite the high immune response rate, no patient
showed clinical response and disease progressed in all
cases. An increase in regulatory T cells, detectable in all
CRC patients of this group, is a likely explanation for this
negative result.

Other neoantigens

Besides point and frameshift mutations there are fur-
ther possibilities in creating neoantigens. Mutations
at somatic splice sites as well as deregulated splicing
factors can lead to alternative splice variants. A large-
scale systematic investigation revealed that alternative
splice variants in CRC are mainly caused by exon skip-
ping, alternative promoter or terminator and intron re-
tention™®”, A comparison between CRC and normal cells
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demonstrated that there are alternative splice variants
exclusively expressed by cancer cells’®®*?, That these
altered peptides can be presented by HLA was already
proven in a study focusing on melanoma®. Therefore,
further investigation in this field of alternative splice
variants could lead to an extended range of target struc-
tures for cancer vaccines.

Ditzel et at”"! found a completely different mechanism
of neoantigen generation. They proved that the apoptotic
markers cytokeratin 8 and 18 are only proteolytically
truncated in CRC tissue but not in normal colon epithelia.
The cancer-associated forms of cytokeratin 8 and 18 are
early apoptosis markers and recognized by a human
antibody specific for a heterotypic conformational epitope.
However, this and similar epitopes can hardly serve as
target structures for T cell-specific immunotherapies.

CHALLENGES FOR DEVELOPING A CRC
VACCINE

Genetic configuration and target selection

One important property for the development of a CRC
vaccine is the genetic subtype of the patient. Around 15
% of CRCs are MSI™" and provide therefore a variety of
mutations leading to neoantigens which are, as described
above, often derived from frameshift mutations. An-
other form of hypermutated CRC is caused by POLE
mutations - but only 3 % of CRC patients fit into this
category. MSI™" or POLE mutations are responsible for
a high mutational burden which is regularly correlated
with increased lymphocyte infiltration into the tumors
mirroring higher pre-vaccination antitumoral activity of
the patients’ immune system. Especially the intratumoral
presence of CD8" CD45R0O" T cells correlates with
improved survival”?. A CRC vaccine could further en-
hance or re-activate this anticancer activity and result in
tumor reduction.

But also CRCs without MSI or POLE mutations
show multiple genetic alterations. These immunogenic
mutations, TAAs or neoantigens, need to be identified
for vaccine development. Modern next-generation se-
quencing approaches open up the possibility of easy
and fast sequencing but challenges in form of tumor
heterogeneity are still to be accomplished. The whole
mutational profile of a tumor is difficult to be depicted
and for individualized vaccine development, it has to
be considered that tumor sequencing can reveal only
mutations of a subset of cells and at the time point of
operation. The mutational profile of residual metastatic
cells might differ”74,

One promising approach is to focus on driver muta-
tions that are responsible for maintenance of the trans-
formed status and/or the progression of the individual
tumor. Aiming at driver mutations is of advantage in
comparison to passenger mutations, as the tumor cell's sur-
vival is dependent on these dysregulated gene products and
therefore, immune escape by switching off or reverting
such mutations is less likely to occur.
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The concept of personalized peptide vaccination fol-
lows another approach. CRC patients are screened for
the presence of CTLs and IgGs against known TAAs and
neoantigens in addition to the determination of their HLA
profile. Having the knowledge of the patients’ HLA layout
as well as the natural immunogenicity of the tumor, the
vaccine can be adapted by choosing matching peptides
for vaccination. This lowers the risk of SAEs by only en-
hancing the existing antitumoral immune response.

VACCINE DESIGN

When a promising target is found, the design of the
vaccine starts. As mentioned before, suiting (better
ideal) peptides as well as adjuvants and administration
schedules need to be selected. Due to space restrictions,
we focus here on peptide-based vaccination strategies
and omit recombinant protein- and tumor lysate-based
ones.

Single peptides, peptide-loaded antigen-presenting cells
or ex vivo expanded T cells?

Peptides used for vaccination can vary in length. When
they directly bind into the peptide-binding groove of the
HLA molecules, 8-10-mers (HLA-A/-B/-C) or 13-18-mers
(HLA-DP/-DQ/-DR) are typically used. But the binding
affinities of peptides to different HLA isoforms deviate.
In addition, as the patient is restricted to its individual
set of HLA alleles, the efficiency of a peptide vaccine is
dependent on the selection of peptides and their best
matching HLA. Furthermore, most of the current studies
have only investigated peptides restricted to the most
common HLA alleles HLA-A2 or HLA-A24, thereby limiting
the number of patients benefitting from this therapy.

To circumvent HLA restriction, longer peptides
(15-30-mer), so called synthetic long peptides, can be
used as these peptides are internalized, processed and
presented by antigen presenting cells. The risk of diges-
tion by proteases is also decreased as long peptides form
a tertiary structure and have therefore a longer half-
life”>7%,

Alternatively, using (autologous) cellular vaccine stra-
tegies, completely evades the problem of HLA-restriction
and peptide degradation. They can be composed of
antigen presenting cells (DCs, B cells or artificial antigen
presenting cells””) which present the selected peptide(s)
to both CD4" helper as well as CD8" effector T cells or the
direct approach of applying T cells carrying tumor-antigen-
specific T cell receptor(s). For the latter approach,
patient specific T cells need to be isolated, expanded and
stimulated in vitro. After this complex ex vivo procedure,
a defined amount of functional T cells can be given back
to the patient. By including also T helper cells or peptides
activating T helper cells, a humoral immune response
can be induced, too™*..

Adjuvants
To further enhance the strength of a vaccine, for-
mulations typically include also adjuvants. Incomplete
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Freund’s adjuvant, alum, gold or nanoparticles as well
as heat shock proteins and GM-CSF are such adjuvants
which improve antigen stability, delivery, processing and
presentation to T cells”®”®. This is achieved by forming a
depot at the injection site resulting in slow and prolonged
peptide release and/or by induction of proliferation and
migration of antigen presenting cells. GM-CSF, as well
as TNF receptor ligands and TLR agonists like CpG oligo-
nucleotides, additionally aim at enhancing costimulatory
signals for T cell activation. Furthermore, cytokines like
interferons or interleukins lead to enhanced immune
response in different dlinical trials®*®",

ADVERSE EVENTS

Cancer vaccines are characterized by a high safety and
low toxicity profile. Different studies evaluated SAEs
grade II/IV after cancer vaccine therapy in around 5500
cancer patients and observed a frequency of < 3%,
But especially by using vaccination approaches with
TAAs, the possibility of damaging healthy tissue should
not be neglected. As mentioned above, TAAs are not re-
stricted to the tumor tissue but only expressed at higher
levels compared to (some) normal cells.

In a study with engineered anti-CEA T cells, the CEA
levels decreased and even tumor regression was seen in
one patient; but all treated patients experienced severe
transient inflammatory colitis®®". The treatment with auto-
logous anti-MAGE-A3/A9/A12 engineered T cells led in
another clinical trial to severe neurological toxicity in 3 out
of 9 cancer patients®, Recognition of different MAGE-A
proteins in normal human brain by engineered T cells
caused even treatment related mortality in 2 patients.
Similarly, the use of engineered T cells showing off-target
effects by recognizing un-targeted proteins is associated
with an increased risk of SAEs. Linette et al. used an
affinity-enhanced T cell receptor against MAGE-A3 and
the first two treated patients developed a cardiogenic
shock and died within a few days®®. Recognition of the
striated muscle-specific protein titin by these T cells led
to severe cardiogenic damage.

As neoantigens are not presented by healthy cells,
the risk of SAEs is decreased by using neoantigen-
targeting vaccines. To date, vaccine studies focusing on
neoantigens in CRC patients observed no SAEs; only
mild side effects that resolved spontaneously have been
described (e.g., injections site reactions, fever)>>¢%%+%¢,

CANCER VACCINES: THE SOLUTION TO
IMMUNE EVASION?

The tumor microenvironment is characterized by im-
munosuppressive signals leading to immune evasion
of the tumor. An accumulation of regulatory T cells is re-
sponsible for the downregulation of other infiltrating and
tumor attacking T cells in an antigen-dependent manner
or by secretion of IL-10 or TGF-B*”\. Furthermore, these
signal molecules are able to suppress the maturation of
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Figure 2 Workflow: preparation of individualized vaccine (using neoantigen targets). The figure shows the possible work flow for individualized cancer
vaccination. The colorectal cancer patient (tumor in pink) undergoes tumor resection surgery and biomaterial (tumor (red container) and matching normal (beige
container) tissue) is collected. Next generation sequencing and comparative bioinformatics analysis of these biomaterials reveal (tumor-specific) neoantigens and
selected peptides are synthesized under GMP conditions. The vaccine consists of synthesized peptides, peptide-loaded antigen-presenting cells, ex vivo expanded
T cells or chimeric antigen receptor T cells and can be combined with adjuvants, immunogenic chemotherapeutics and/or immune checkpoint inhibitors to further
enhance vaccine efficacy. The patient will receive first vaccine shots ideally even before chemotherapeutic intervention. Residual tumor cells (in the colon or circulating

as well as micrometastases in other organs) should be eliminated hereby. Exact vaccination scheme will depend on vaccine type, medical facility, ec.

DCs resulting in reduced antigen presentation™. Tumor-
associated macrophages as well as myeloid suppressor
cells are also present in the tumor microenvironment and
act as immune suppressors™®#,

But in addition to creating an inhospitable environ-
ment for tumor attacking immune cells, tumor cells can
also hide from immune cells by modifying their surface
to escape recognition. More than 50 % of MSI™" CRC
patients’ tumor harbor mutations that lower the func-
tionality of HLA presentation of antigens®®®: mutations
regarding regulation of HLA expression (e.g., NLRC5
mutation®®), peptide transport (e.g., TAP1/2 and tapa-
sin®*%) as well as HLA itself (e.g., heavy chain®” and
B2M mutation®*), To overcome this dissembling
mechanism, the use of specific chemotherapeutics can
be helpful, leading to an effective antitumor immune
response by apoptosis (discussed below).

Furthermore, cancer cells take advantage of the
control mechanism of nonsense mediated RNA-decay
(NMRD). This system is responsible for degrading mRNA
with premature stop codons and it has been suggested
that this must inhibit the presentation of neoantigens®*.
However, it could be shown that only a part of the so far
identified neoantigens are sensitive to NMRD™",
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Last but not least, cancer cells can not only influence
cells of the microenvironment to express immune
checkpoint molecules but they frequently express such
molecules themselves to downregulate T cell activity.
Immune checkpoint inhibitors are a precious device in
overcoming this tumor-induced immune suppression.

IMMUNE CHECK POINT INHIBITORS

The field of studies exploring immune checkpoint inhi-
bitors is growing. Targeted immune checkpoints like
CTLA-4, PD-1, PD-L1 and LAG-3 are highly expressed in
MSI™" tumors, thereby creating an immune suppressive
microenvironment®, Besides, T cells infiltrating in
MSI"™" tumors frequently express PD-L1 making a
PD-1 blocking antibody (e.g., Pembrolizumab) a helpful
instrument®: In dinical trials, almost 80 % of MSI high
CRC patients benefitted from PD-1 blockade whereas
microsatellite stable (MSS) CRC patients rarely did®*°”,
This can be explained by the difference in mutational
burden of MSI™" and MSS patients, as a correlation of
mutational burden/number of neoantigens and clinical
response could be proven already®®®?, Moreover, this
clinical observation suggests that a substantial part of
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Table 2 Current clinical vaccination studies including colorectal cancer patients

Target type Target molecule Vaccination strategy Therapy Number of  Trial identifier
patients
TAA CEA alphavirus replicon (VRP) encoding 12 NCT01890213
CEA
TAA CEA ETBX-011 ad-CEA, ALT-803 (IL-15) 3 NCT03127098
TAA CEA anti-CEA CAR-T cells 18 NCT03682744
TAA CEA anti-CEA CAR-T cells 5 NCT02850536
TAA CEA anti-CEA CAR-T cells, SIR-Sphere 8 NCT02416466
TAA Her2 2 Her2 peptides in Montanide ISA 720 36 NCT01376505
TAA Her2/neu B-Cell and monocytes with HER2/neu 9 NCT03425773
antigen

TAA Brachyury, CEA, ETBX-051; adenoviral brachyury vaccine, 32 NCT03384316

MUC1 ETBX-061; adenoviral MUC1 vaccine,

ETBX-011; adenoviral CEA vaccine
TAA 7 cancer testis 6 synthetic peptides in Montanide Standard-of care maintenance 15 NCT03391232
antigens
Immune MUC1 activated CIK and CD3-MUC1 bispecific cryotherapy 90 NCT03524274
stimulation, antibody
TAA
TAA HPV DPX-E7 44 NCT02865135
TAA hTERT INO-1400 or INO-1401 alone or in 93 NCT02960594
combination with INO-9012
TAA MUC1 anti-MUC1 CAR-pNK cells 10 NCT02839954
TAA MUC1 MUC1 peptide-poly-ICLC 110 NCT02134925
TAA EpCAM CART Cells targeting EpCAM 60 NCT03013712
Immune PD-1, p53 Pembrolizumab, modified vaccinia virus 19 NCT02432963
checkpoint, Ankara vaccine expressing p53
TAA
Neoantigen frameshift-derived neoantigen-loaded 25 NCT01885702
DC
Neoantigen personalized neoepitope yeast-based 16 NCT03552718
vaccine, YE-NEO-001
Neoantigen mRNA-based vaccine targeting 64 NCT03480152
neoantigens
Neoantigen ADXS-NEO (Advaxis NEO expressing 48 NCT03265080
personalized tumor antigens)
Neoantigen ras anti-KRAS G12 V mTCR Cyclophosphamide, Fludarabine, 110 NCT03190941
Aldesleukin
Immune PD-L1 Avelumab, autologous dendritic cells 33 NCT03152565
checkpoint
Immune PD-1 Pembrolizumab, GVAX (allogeneic Cyclophosphamide 17 NCT02981524
checkpoint colon cancer GM-CSF secreting cells)
Immune PD-L1 Atezolizumab, Imprime PGG (PAMP  Regorafenib/ Isatuximab/ Bevacizumab 120 NCT03555149
checkpoint recognized by innate immune effector
cells)
Immune A2aR, A2bR AB928 (A2aR and A2bR antagonist) FOLFOX 98 NCT03720678
checkpoint
Immune PD-1, CEA, MUC-1 Nivolumab, MVA-BN-CV301 (modified FOLFOX 78 NCT03547999
checkpoint, vaccinia Ankara-Bavarian Nordic
TAA encoding CEA, MUC1, B7-1, ICAM-1
and LFA-3)

Immune PD-L1 Atezolizumab, RO7198457 (mRNA- 567 NCT03289962
checkpoint, based individualized, TAAs vaccine)
TAA
Immune PD-L1, CEA Avelumab + Ad-CEA FOLFOX, Bevacizumab, Capecitabine 81 NCT03050814
checkpoint,
TAA
Immune CEA, Her2/neu, Aldoxorubicin, ETBX-011, ETBX-021, Capecitabine, Cetuximab, 332 NCT03563157

checkpoint, Brachyury, MUC1, ETBX-051, ETBX-061, GI-4000, GI-6207, Cyclophosphamide, Fluorouracil,
TAA, Immune RAS, NK cells ICI GI-6301, haNK, avelumab, HCI, ALT-803 Leucovorin, Nab-paclitaxel, Oxaliplatin,

stimulation Regorafenib, SBRT, Trastuzumab

Immune PD-1 Personalized peptides, Pembrolizumab 60 NCT02600949
checkpoint,

Mutated

proteins

Immune GVAX (allogeneic colon cancer GM-CSF  Cyclophosphamide, SGI-110 (DNA 18 NCT01966289
stimulation secreting cells) Methyltransferase Inhibitor)

Immune GVAX (allogeneic colon cancer GM-CSF 15 NCT01952730
stimulation secreting cells)
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Immune OncoVAX (non-dividing tumor cells)
stimulation
Immune Autologous or allogeneic immune
stimulation stimulatory tumor cells
Immune autologous dendritic cells loaded with
stimulation autologous tumour homogenate + IL-2
Immune autologous dendritic cells loaded with
stimulation tumor antigens
Immune autologous dendritic cells loaded with
stimulation tumor lysate antigens
Oncolytic GL-ONC1 oncolytic vaccinia virus,
virus which disrupts nonessential genes
and expression of the foreign gene
expression
Oncolytic PD-L1 Talimogene Laherparepvec,

virus, Immune Atezolizumab

checkpoint

Wagner S et a/. CRC vaccines: TAA vs neoantigens

Surgery 550 NCT02448173
50 NCT00722228
19 NCT02919644
58 NCT01348256
30 NCT03214939
36 NCT02714374
36 NCT03256344

CEA: Carcinoembryonic antigen; GM-CSF: Granulocyte macrophage colony-stimulating factor; TAA: Tumor-associated antigen.

these antitumoral immune responses must be HLA-
unrestricted, since more than the expected 50%
of MSI"" patients with functional HLA-presentation
responded well. The interplay of adaptive (antitumoral)
immune cells with cells of the innate arm of the immune
system might partly explain this somewhat surprising
finding. Consequently, this would also imply that modern
neoantigen-specific vaccines (Figure 2) have a good
chance to be beneficial for patients with hypermutated
tumors despite the fact that HLA-presentation is cor-
rupted due to immune escape phenomena.

Studies comparing infiltrating lymphocytes in MSS
and MSI"™" CRC patients revealed, that the amount of
infiltrating cells is clearly higher in MSI™" tumors, but
the correlation between infiltrating lymphocytes and
overall survival is only in MSS patients significant!*®*°*,
Therefore, a combined immunotherapy with blocking
immune checkpoints on the one hand and stimulating
the immune system with a peptide vaccine on the
other hand could help MSS as well as MSI™" CRC pa-
tients. A first animal study demonstrated increased
cytolysis rate, tumor suppression and survival with a
DNA vaccine consisting of PD-1 fused with survivin and
MUC-1 peptidest'®., Clinical trials investigating the effect
of immune checkpoint inhibitors with other forms of
immunotherapy in CRC patients are still ongoing (Table 2).

CANCER VACCINES AND IMMUNOGENIC
CELL DEATH

The dogma that chemotherapy is immunosuppressive
has been disproved. Contrarily, it could be shown
that selected chemotherapeutics are able to induce
a special kind of cell death which improves tumor im-
mune recognition. This so called immunogenic cell
death is characterized by damage-associated molecular
patterns on the surface of the tumor cell (calreticulin
and heat shock proteins) which are “eat me” signals for
immune cells and act as co-stimulators!'®®!. Inducers
of immunogenic cell death are anthracyclines like
doxorubicin™®¥, DNA alkylating cyclophosphamide!*®*
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as well as the common platinum derivative for CRC
treatment, oxaliplatin'®®. The studies combining TAAs
with different chemotherapeutic agents also observed
no immune suppressive effects but induction of specific
immune responses”>***®), Therefore, the combination of
immunogenic cell death inducing chemotherapeutics and
cancer-specific vaccination is an auspicious approach for
future treatment of CRC patients (Figure 2).

Immunogenic cell death can also be induced by on-
colytic viruses which preferentially infect cancer cells.
In vitro studies revealed that viral treatment can lead
to killing of CRC cells, especially tumor initiating cells
or cancer stem cells"”'*. First clinical studies with a
combination of oncolytic viruses and immune checkpoint
inhibitors in melanoma patients showed response rates
up to 62 %", These promising combinations are
currently investigated in clinical trials also including CRC
patients (Table 2).

CONCLUSION

Cancer vaccines are a promising instrument for treatment
of cancers. The development started with peptides de-
rived from TAAs. These targets can be detected easily
and are shared by many patients. Therefore, a variety
of studies investigated the effect of TAA-derived peptide
vaccines with mediocre results. Low immunogenicity,
HLA restriction as well as increased risk of SAEs limit the
efficiency and clinical usefulness of this vaccine type.

These problems can likely be solved with novel
vaccination approaches focusing on TSAs, mainly neo-
antigens. They clearly differ from proteins of healthy cells
and thus neither self-tolerance nor SAEs are likely to limit
clinical application of TSA-based vaccines (see Figure
1). First in vitro and in vivo studies revealed promising
results. It can be envisioned that these advantages will
on the longer run compensate for the time and money
intense identification of patient-individual neoantigens
and peptide composition. Pure peptide vaccines, peptide-
loaded antigen presenting cells or adoptively transferred
T cells will be exploited.
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To further enhance the effect of neoantigen vaccines,
adjuvants will be included. These improve peptide stabi-
lity and also act as immune stimulators. Besides, the
combination of these new generation individual cancer
vaccines with immune checkpoint inhibitors and/or im-
munogenic cell death-inducing chemotherapeutic agents
is an utterly promising concept that will be extensively
investigated in the near future. Such multifactorial
approaches even have the potential to solve the dif-
ficulties in targeting MSS CRC. However, concepts to
select the best-suited combinations of vaccines, adju-
vants and chemotherapeutic on a patient-individual basis
still have to be developed and - possibly even more
ambitious - adapted to the clinical routine.
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Abstract

Checkpoint inhibitors are increasingly being used in clini-
cal practice. They can cause various gastrointestinal,
hepatic and pancreatic side effects. As these side effects
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can be serious, appropriate management is essential.
The different checkpoint inhibitors with their mechanisms
of action and indications, as well as evaluation and man-
agement of gastrointestinal, hepatic and pancreatic side
effects, are discussed in this article.

Key words: Checkpoint inhibitors; Immunotherapy;
Gastrointestinal management; Hepatic and pancreatic side
effects
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Core tip: Checkpoint inhibitors are a kind of immuno-
therapy used in the treatment of various malignancies.
Nevertheless, they carry the risk of causing different
immune-related side effects. Physicians should be vigilant
in recognizing and appropriately managing these side
effects for a better outcome.
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INTRODUCTION

Checkpoint inhibitors have emerged as one of the most
promising modalities of anti-cancer therapy!". They are
monoclonal antibodies that block the checkpoint proteins
either on T cells or cancer cells to enhance immune
response against tumor cells’”. Normally, when our body
recognizes cancer cells or foreign bodies, our innate
immune system (macrophages, dendritic cells, natural
killer cells, mast cells, neutrophils, eosinophils and
basophils) tries to eliminate them. Then, our adaptive
immune system (B lymphocytes and T lymphocytes)
starts working via antigen presenting cells. Checkpoint
molecules are proteins that control specific cellular
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processes to prevent errors. Some immune checkpoint
proteins help the T cells to remain active, particularly
in case of infection, whereas other immune checkpoint
proteins regulate the immune system negatively by
directing the T cells to switch off. Some cancer cells
synthesize high levels of such immune checkpoint
proteins, which can switch off the T cells and, as a result,
the T cells can neither recognize nor kill the cancer cells.

Some of the common checkpoint proteins include:
(1) Cytotoxic T lymphocyte-associated antigen 4
(CTLA-4) receptors on CD4 and CD8 T lymphocytes; (2)
programmed cell death protein 1 (PD-1) receptors on
the surface of T cells, B cells, natural killer (NK) cells,
monocytes and dendritic cells; and (3) programmed
cell death protein ligand 1 (PD-L1) and programmed
cell death protein ligand 2 (PD-L2) proteins on healthy
tissues, hematopoietic cells and tumor cells.

When interactions between the PD-1 receptors and
PD-L1 (also known as B7-H1) or PD-L2 (also known
as B7-H2) occurs, it promotes exhaustion of peripheral
effector T cells, conversion of effector T cells to regulatory
T (Treg) cells and inhibition of tumor cell apoptosis™.
Some cancer cells are able to produce PD-L1 and PD-L2
on their surfaces to prevent any immunological attack.

CTLA-4 becomes activated by binding to B7-1 (also
known as CD80) and B7-2 (also known as CD86)
on antigen presenting cells (APCs), and then inhibits
T cell activation at a proximal step in the immune
response. On the other hand, PD-1 limits effector T
cell function by linking with PD-L1 or PD-L2 in the later
stages of the immune response. In the process of
carcinogenesis, these immunosuppressive molecules are
overexpressed. Checkpoint inhibitors are monoclonal
antibodies against PD-1, PD-L1 or CTLA-4 proteins.
They act as a form of immunotherapy by blocking the
immunosuppressive molecules that otherwise inhibit
the immune system from attacking cancer cells. As a
consequence, there is an immunological boost against
cancer cells”, As they target T cells instead of cancer
cells, they can be used in various malignancies®. A
combination of checkpoint inhibitors may give a better
anti-tumor response. There was a 23% response rate for
metastatic non-small cell lung cancer after administration
of durvalumab and tremelimumab!’.

Few checkpoint molecules have been discovered
recently. These include TIM-3, LAG3, TIGIT and BTLA.

T cell immunoglobulin and mucin domain 3 (TIM-3)
is present on the surface of CD4 T cells, CD8 T cells,
regulatory T cells and innate immune cells (dendritic
cells, macrophages and natural killer cells). TIM-3 binds
to specific ligands: galectin (Gal-9), phosphatidyl serine
(PtdSer), high-mobility group box-1 protein (HMGB)
and carcinoembryonic antigen-related cell adhesion
molecule 1 (CEACAM1). These interactions generate a
variety of effects, including effector T cell apoptosis, T cell
suppression, suppression of the innate immune response
against tumor cells, suppression of anti-tumor activity
and promotion of tumor growth®. TIM-3 is upregulated
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in patients with malignancy. In pre-clinical studies, TIM-3
monoclonal antibody monotherapy showed modest
anti-tumor activities’, but combinations of anti-TIM-3
and anti-PD-1/PD-L1 monoclonal antibodies produced
significant anti-tumor responses against a variety of
malignancies, including colon cancer, lung cancer, ovarian
cancer, melanoma, lymphoma, acute myelogenous leuke-
mia and sarcoma™”.

LAG-3 (lymphocyte activation gene-3 protein) is an
inhibitory receptor expressed on CD4-positive T-lympho-
cytes, CD8-positive T-lymphocytes, NK cells and B cells,
as well as on plasmacytoid dendritic cells™ ™. LAG-3
inhibits both activation and proliferation of T cells!***,
Anti-LAG3 monoclonal antibodies can bind to the LAG-3
present on tumor infiltrating lymphocytes (TILs), and
prevent their binding to MHC (major histocompatibility
complex) class II molecules expressed on tumor cells.
This may lead to activation of antigen-specific T lympho-
cytes and cytotoxic T cell-mediated tumor lysis. Clinical
trials were done with different types of LAG-3 monoclonal
antibodies (IMP321) on various malignancies, such as
metastatic renal cell cancer, breast cancer, unresectable
pancreatic cancer, as well as advanced and unresectable
melanoma*®!,

T cell immunoreceptors with Ig and ITIM domains
(TIGIT) are inhibitory immunoreceptors present on
some T cells (CD4, CD8), NK cells and Treg cells that
contain Ig and immunoreceptor tyrosine-based inhibitory
motif (ITIM) domains. TIGIT ligands include CD155 and
CD112. In certain malignancies, CD155 and CD112 are
highly expressed on macrophages and dendritic cells.
TIGIT ligation leads to inhibition of T cell proliferation
and suppression of the cytolytic function of NK cells!”.
Anti-tumor activity is suppressed by TIGIT, primarily
via Treg cells and not CD8-positive T cells!*®!, Anti-TIGIT
monoclonal antibodies as a monotherapy or in com-
bination with anti-PD-L-1 antibodies have shown anti-
tumor activity™ in phase I /11 trials.

BTLA (a B and T lymphocyte attenuator, also known
as CD272) is an inhibitory protein functionally and
structurally similar to CTLA-4 and PD-1. It is mainly
expressed on immune cells, NK cells, dendritic cells
and splenic macrophages. BTLA acts as a ligand for
tumor necrosis factor receptor superfamily member 14
(TNFRSF-14), also known as herpes virus entry mediator
(HVEM).

BTLA/HVEM complex inhibits T cell activation and
proliferation'®®!, BTLA is overexpressed in certain malig-
nancies like leukemia and melanoma. In mouse models,
BTLA neutralizing antibodies limited tumor growth™".
Anti-human BTLA monoclonal antibodies are currently in
development.

CURRENT CHECKPOINT INHIBITORS

Current checkpoint inhibitors, with their indications and a
schematic diagram (Figure 1), are mentioned below™?®,
including CTLA-4 blockers, PD-1 inhibitors, and PD-L1
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Figure 1 Schematic diagram of checkpoint inhibitors.

inhibitors.

CTLA-4 blockers

Ipilimumab: Indications include melanoma with lymph
node involvement, advanced melanoma, non-small cell
and small cell lung cancer, advanced renal cell cancer,
and hormone refractory prostate cancer. Great success
with durable dlinical benefit was seen with nivolumab plus
ipilimumab combination when given in DNA mismatch
repair-deficient/microsatellite instability-high metastatic
colorectal cancer™.

Tremelimumab: This drug is undergoing human clinical
trials for the treatment of various malignancies, but is
not yet approved by the United States Food and Drug
Administration (FDA).

PD-1 inhibitors

Nivolumab: Indications are melanoma with lymph node
involvement, unresectable or metastatic melanoma,
advanced renal cell carcinoma, advanced or metastatic
urothelial cancer, metastatic non-small cell lung cancer
and small cell lung cancer with progression after
platinum-based chemotherapy, refractory classical
Hodgkin lymphoma, recurrent or metastatic squamous
cell cancer of head and neck, microsatellite instability-
high or mismatch repair-deficient colorectal cancer, and
hepatocellular carcinoma.

Pembrolizumab: Indications include unresectable or
metastatic melanoma, metastatic non-small cell lung can-
cer, advanced head and neck squamous cell carcinoma,
advanced or metastatic gastric or gastroesophageal
junction cancer, microsatellite instability-high cancer,
locally advanced or metastatic urothelial cancer, recurrent
or metastatic cervical cancer, refractory classical Hodgkin
lymphoma, and refractory primary mediastinal large B
cell lymphoma.

PD-L1 inhibitors
Atezolizumab: Indicated for advanced or metastatic
non-small cell lung cancer and advanced or metastatic
urothelial cancer.
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Avelumab: Indicated for advanced or metastatic uro-
thelial cancer and metastatic Merkel cell cancer.

Durvalumab: Indicated for advanced or metastatic
urothelial cancer, as well as unresectable and stage I
non-small lung cancer.

IMMUNE-RELATED ADVERSE EVENTS

Immune-related adverse events (IRAE) can occur due
to the use of checkpoint inhibitors. Inflammatory side ef-
fects generally involve the skin, gastrointestinal tract, liver
and endocrine glands. The cardiovascular, pulmonary,
renal, hematological and musculoskeletal system are
less commonly involved. IRAE are more severe following
administration of CTLA-4 inhibitors in comparison to PD-1
or PD-L1 inhibitors. The time of onset of IRAE is generally
1-6 mo after administration of checkpoint inhibitors®™..
Here, we will be mainly discussing the gastrointestinal,
hepatic and pancreatic side effects of checkpoint inhi-
bitors.

Immune-related adverse events are classified accor-
ding to the National Cancer Institute’'s Common Termi-
nology Criteria for Adverse Events (AE), version 3.01!,
Grade 1: Mild AE; Grade 2: Moderate AE; Grade 3:
Severe AE; Grade 4: Life-threatening or disabling AE;
Grade 5: Death related to AE.

Gastrointestinal

Diarrhea is the most common gastrointestinal side effect
after administration of checkpoint inhibitors. Diarrhea
occurs in 27%-31% of cases following CTLA-4 inhibitor
therapy™ and less than 4% of cases following anti-
PD-1 and anti-PD-L1 therapy™. Diarrhea varies from
mild to severe in intensity. Immune-mediated mild to
severe colitis, colon perforation and even death can oc-
cur following checkpoint inhibitor therapy®***!. Severe
colitis can occur in 5% of cases following CTLA-4 inhibitor
therapy and less than 2% of cases following anti-PD-1
therapy. Colitis may mimic Crohn’s colitis or ulcerative
colitis, and can be associated with intra-abdominal ab-
scess, anal fissure and fistula®®®. Pembrolizumab-induced
collagenous colitis and lymphocytic colitis have also been
reported in the literature!® %,

Management
Mild diarrhea or grade I diarrhea with stool frequency
less than 4 times per day can be managed conservatively
without discontinuing checkpoint inhibitors. Stool for ova,
parasites, giardia antigen, stool culture and C. difficile
toxin should be sent to evaluate for any underlying infec-
tion. Patient should be given adequate oral hydration and
anti-diarrheal agents. If diarrhea still persists for 5-7 d or
worsens, patients should be treated similar to cases of
moderate diarrhea.

Moderate diarrhea or grade 1I diarrhea with stool
frequency between 4-6 times per day should be managed
by discontinuation of checkpoint inhibitors, by ruling out
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infection by sending stool samples as mentioned above,
by giving adequate oral hydration and by administering
empiric treatment with oral corticosteroid (prednisone
1 mg/kg per day) with close clinical follow-up®.
Colonoscopy is not required if the patient responds to
the above measures. After 2-5 d control of diarrhea,
prednisone should be slowly tapered over a 1-2 mo
period of time. Trimethoprim-sulfamethoxazole should
be given as a prophylaxis against opportunistic infection
during the tapering period™®,

If the patient does not respond to the conservative
measures or if the patient has severe diarrhea, i.e.,
grade I or IV diarrhea, with stool frequency more than
6 times per day with severe and persistent abdominal
pain, fever, rectal bleeding or ileus, intravenous hydration
and intravenous steroid (methylprednisone 1-2 mg/kg
per day) should be started™'. Antidiarrheal agents
like loperamide and lomotil (diphenoxylate/atropine)
should be avoided. Abdominal CT (computerized axial
tomography) should be done to assess the severity
and complications of colitis (perforation and peritonitis).
Colonoscopy or flexible sigmoidoscopy should be done
not only to evaluate the severity and extent of colitis,
but also to take random and targeted colon biopsies to
rule out underlying cytomegalovirus (CMV) infection.
CMV colitis is diagnosed by characteristic histology
(owl’s eye intranuclear inclusion bodies), CMV biopsy
PCR (polymerase chain reaction) or CMV biopsy viral
culture!*?. Colonoscopic findings may include loss of
vascular markings, erythema, congestion, friability,
ulcerations and spontaneous bleeding. The severity of
diarrhea may not correlate with the colonoscopic or histo-
logical findings.

Treatment should be continued until there is signifi-
cant improvement of diarrhea, i.e., grade 0-1. If there is
a dlinical response to corticosteroids, it is recommended
to continue treatment for a month and then slowly
taper. If the patient’s diarrhea is refractory to steroids, or
colonoscopy shows severe colitis, multiple colon ulcers
or pancolitis, anti-TNF therapy like Infliximab (5 mg/kg
every 2 wk) or anti-integrin therapy like Vedolizumab
(300 mg 0, 2, 6 wk) should be added**!, Concomitant
bacterial, viral or Clostridium difficile infection should
be treated simultaneously. Following resolution of symp-
toms, checkpoint inhibitors can be restarted if the bene-
fits outweigh the risks, and if the daily dose of prednisone
can be reduced to less than 10 mg per day without any
other immunosuppressive medication.

Summary of diarrhea management

Diarrhea onset approximately 6 wk after checkpoint
inhibitor therapy: assess severity of diarrhea and rule out
infection by sending stool samples — Grade I diarrhea:
conservative treatment with oral hydration and anti-
diarrheal agents — Persistence of diarrhea after 5-7 d
— Manage as grade 1II diarrhea. Grade 1I diarrhea: stop
checkpoint inhibitor, start oral corticosteroid and continue
oral hydration: (1) Clinical improvement — 2-5 d after
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control of diarrhea, start tapering corticosteroid over 1-2
mo plus trimethoprim-sulfamethoxazole as prophylaxis;
(2) no clinical improvement — Manage as grade I or
IV diarrhea. Grade II or IV diarrhea: hospitalization,
parenteral hydration, parenteral corticosteroid, abdominal
CT and colonoscopy: (1) Clinical response: continue ste-
roid for a month and taper; (2) no clinical response: anti-
TNF therapy.

Hepatic

Checkpoint inhibitors can cause immune-mediated
hepatitis in less than 5% of cases receiving these medi-
cations™*. Although this can occur anytime while the
patient is on checkpoint inhibitor therapy, it occurs most
commonly 6-7 wk after the onset of therapy™). Most of
the time, patients remain asymptomatic with elevated
serum transaminases. Sometimes, the hepatitis can be
more severe, with patients presenting with fever, ma-
laise, fatigue, hepatomegaly and hyperbilirubinemia.
Acute viral hepatitis (HAV, HBV, HCV, EBV, CMV) and auto-
immune hepatitis need to be excluded by serology and
liver biopsy™®. Predominant hepatic parenchymal injury
with panlobular hepatitis or predominant bile duct injury
with mononuclear cell infiltration around proliferated bile
ductules can be seen after checkpoint inhibitor therapy™..
It is sometimes difficult to distinguish autoimmune hepa-
titis from drug-induced hepatitis. In autoimmune hepa-
titis, intra-acinar and portal plasma cells with rosette
formation and emperiopolesis are prominent, whereas
neutrophilic infiltration is more commonly seen in drug-
induced liver injury™”.

Management™”

Grade 1 immune-mediated hepatitis: patient is asymp-
tomatic or mildly symptomatic, but laboratory studies
show AST/ALT: < 2.5 x ULN (upper limit of normal)
and total bilirubin: < 1.5 X ULN. Treatment: continue
checkpoint inhibitor therapy, but monitor LFT.

Grade 2 immune-mediated hepatitis: patient is
symptomatic (fever, malaise, fatigue) and laboratory
studies show AST/ALT: 2.5-5 x ULN and total bilirubin:
1.5-3 x ULN. Treatment: (1) hold checkpoint inhibitor
therapy; (2) viral hepatitis (HAV, HBV, HCV, HDV, CMV,
EBV, HSV, VZV), autoimmune hepatitis and drug-induced
hepatitis need to be ruled out“®’; (3) prednisone 1 mg/
kg per day, taper the dose when patient’s symptoms
improve; and (4) if symptoms do not improve after 48
h, alternate immunosuppressive agents like tacrolimus,
mycophenolate mofetil or cyclophosphamide need to be
considered.

Grade 3 or 4 immune-mediated hepatitis: patient is
symptomatic as mentioned above, and laboratory studies
show: AST/ALT: > 5 x ULN; total bilirubin: > 3 x ULN.
Treatment: (1) hold checkpoint inhibitors; (2) intravenous
solumedrol 2-4 mg/kg per day. Taper the dose when
patient’'s symptoms improve; and (3) if symptoms do
not improve after 5-7 d, tacrolimus 0.10-0.15 mg/kg
per day should be added. Alternative agents include
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mycophenolate mofetil or cyclophosphamide.

Pancreatic

Immune-mediated pancreatitis with pancreatic insuf-
ficiency has been reported a few months after initiation of
checkpoint inhibitor therapy™. Asymptomatic elevations
of amylase and lipase can occur without fulfilling the
diagnostic criteria of acute pancreatitis. As the clinical
significance of this lab abnormality is unknown, routine
measurement of serum amylase and lipase is not recom-
mended™. However, if the patient is symptomatic
with abdominal pain or nausea, immune-mediated pan-
creatitis should be considered by checking amylase and
lipase levels and performing imaging studies.

Management

Intravenous methylprednisolone (1 mg/kg per day) for a

few days, followed by oral prednisone (1 mg/kg per day).

Taper the dose when patient symptoms improve.
Pancreatic enzyme supplementation should be given

if there is evidence of pancreatic insufficiency (fecal

elastase < 15 ug/g of feces).

CONCLUSION

Checkpoint inhibitors are novel forms of immunotherapy
administered by oncologists. Although they are extremely
useful in various advanced and metastatic malignancies,
they can cause multiple side effects. Gastroenterologists
need to be aware of the various gastrointestinal, hepatic
and pancreatic side effects that can be fatal if not man-
aged early. Prompt recognition of these side effects,
administration of systemic immunosuppressive therapy
and supportive care could improve the clinical outcome
without affecting the benefit of checkpoint inhibitors.
Multidisciplinary teams should be involved in the man-
agement of these side effects. As new checkpoints are
being discovered and new checkpoint inhibitors are
being developed, patients will be experiencing new IRAE.
Management of those IRAE will improve as we gather
more experience using hew checkpoint inhibitors.
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Abstract

Virtual reality simulation is becoming the standard
when beginning endoscopic training. It offers various
benefits including learning in a low-stakes environment,
improvement of patient safety and optimization of valu-
able endoscopy time. This is a review of the evidence
surrounding virtual reality simulation and its efficacy in
teaching endoscopic techniques. There have been 21
randomized controlled trials (RCTs) that have investigated
virtual reality simulation as a teaching tool in endoscopy.
10 RCTs studied virtual reality in colonoscopy, 3 in flexible
sigmoidoscopy, 5 in esophagogastroduodenoscopy, and
3 in endoscopic retrograde cholangiopancreatography.
RCTs reported many outcomes including distance ad-
vanced in colonoscopy, comprehensive assessment of
technical and non-technical skills, and patient comfort.
Generally, these RCTs reveal that trainees with virtual
reality simulation based learning improve in all of these
areas in the beginning of the learning process. Virtual
reality simulation was not effective as a replacement of
conventional teaching methods. Additionally, feedback
was shown to be an essential part of the learning process.
Overall, virtual reality endoscopic simulation is emerging
as a necessary augment to conventional learning given
the ever increasing importance of patient safety and
increasingly valuable endoscopy time; although work is
still needed to study the nuances surrounding its integra-
tion into curriculum.

Key words: Endoscopy; Gastrointestinal/education;
Endoscopy; Gastrointestinal/standards; Simulation;
Educational measurement; Clinical competence/standards;
Competency-based medical education

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is substantial evidence to support that
virtual reality simulation is an excellent augment to the
traditional apprenticeship model in learning endoscopic
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procedures. Further work is still needed to study the
nuances surrounding its integration into curriculum.

Mahmood T, Scaffidi MA, Khan R, Grover SC. Virtual reality
simulation in endoscopy training: Current evidence and future
directions. World J Gastroenterol 2018; 24(48): 5439-5445
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5439.htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5439

INTRODUCTION

Educators in gastroenterology are increasingly integrating
simulation-based training (SBT) into endoscopy curricula.
SBT allows for a learner-centered environment in which
novices can engage in deliberate practice without the fear
of making mistakes or harming a patient™*. The appli-
cation of SBT to endoscopy has manifested as a variety
of model systems, including mechanical models, animal
models, live ex-vivo models, and virtual reality (VR)
computer simulators. Among these, VR simulators have
become the most commonly tested model system™®.
In this narrative review, we explore the current state of
evidence for the use of VR SBT in endoscopic training.

ENDOSCOPY TRAINING

Apprenticeship model
The apprenticeship model of learning is based on an
expert endoscopist (coach) teaching a trainee (appren-
tice) endoscopic skills. The apprenticeship helps the
trainee progress from observation to participation,
and finally to independence with progressive responsi-
bilities”®. The apprenticeship model is based in situated
learning theory, which holds that a skill must be learned
in the authentic context where it will be applied™. During
training, the trainee’s responsibility and independence
increases as he/she accumulates experience and skill
(Figure 1)*°), Experienced endoscopists intervene if they
deem that the trainee will be unable to complete the pro-
cedure safely, and trainees are expected to demonstrate
certain milestones before progressing to the next steps.
There are, however, several important disadvantages
of the apprenticeship model. First, there may be an in-
creased risk of adverse events for patients. For example,
one study found that the number of complications
of endoscopy are significantly increased in July or
August, when the training programs start with their
new trainees™™™. Similarly, a study by Matharoo et af™"
showed that trainee related factors resulted in as many
patient safety incidents as sedation with no oxygen
saturation monitor. Second, the staff endoscopist has to
completely give up the control of the endoscope in order
for the trainee to leam™?. As the trainee does not have
the experience to identify and appropriately manage the
findings, the pathological findings, which are intermittent
and unpredictable, maybe mismanaged™'?. Third, trai-
ning endoscopies take longer to complete, adding to the
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already strained availability of the endoscopy suite®.

Fourth, the feedback given to each trainee depends
on the staff endoscopist, and therefore may vary™*.
Finally, there is a lack of continuity as the trainees are
expected to work with different staff endoscopists, who
may not understand the trainee’s level of competence as
a whole®.

Simulation based training

Given these drawbacks, the endoscopy educators in-
creasingly use SBT prior to first patient contact. SBT
provides the trainee with a simulated model of reality
to help the trainee understand the skills required for
clinical practice™*!. The simulated model can be made
physically (i.e., bench top) or with the help of technology
using VR'®"* SBT is based on the constructivist lear-
ning model, which holds that learning is constructed by
the learner, rather than transferred to the learner; this
renders the context of the situation not as important'.,
In endoscopic training, SBT has gained attention because
it provides a way of training without the risk of adverse
events to patients, and allows for standardization of
feedback through the simulation™"”*®, Virtual reality simu-
lators can model endoscopy by using an endoscope that
is inserted into a computer-based module which displays
the gastrointestinal lumen on a screen, and provides
visual and tactile feedback related to the procedure™.

CURRENT STATE OF EVIDENCE IN
VIRTUAL-REALITY SBT IN ENDOSCOPY

Previous systematic reviews and meta-analyses have
effectively analyzed the results of previous studies,
including a report of internal validity of the existing lite-
rature®™*’*®!, Briefly, to date there have been 21 major
RCTs investigating VR simulation and its role in training
(Table 1). 10 of these have studies investigated VR in
colonoscopy, 5 in organic gastrointestinal disease (OGD),
3 in flexible sigmoidoscopy, and 3 in endoscopic retro-
grade cholangiopancreatography ERCP (Table 1)1%%,

SBT vs apprenticeship model

18 studies investigated SBT and compared it to either
no training or conventional model of learning. 16 of the
RCTs reported positive results for SBT, i.e., improved
outcomes. Of note is that in the 16 RCTs that reported
positive results, SBT was either used in conjunction with
conventional teaching, or the control arm did not re-
ceive any conventional teaching before the assessment
period. A closer look at the two negative trials by Gerson
and Sedlack reveal several reasons that can explain the
results!®***3, In the trial by Gerson and Dam, the SBT
group had unlimited access for two weeks to didactic
modules and six simulated OGD cases on a VR simulator,
with no external feedback or observation, while the
conventional training group completed 10 OGDs with
supervision from staff endoscopists™”. As a result, the
SBT group completed fewer procedures independently
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Approximation
through
experimentation

Observing and
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E—

Gaining autonomy
with guidance

Adaptation to new

problem Mastery

Figure 1 Progression of learning in the apprenticeship model. The apprenticeship model relies on the trainee modelling after an expert, followed by
experimentation and approximation that eventually lead to increased autonomy, adaptation to new problems and eventual mastery.

compared to the conventional training group. In the trial
by Sedlack, there is no clear explanation for why the
SBT group did worse, however the small sample size
of 8 trainees and lack of feedback must be taken into
consideration®. In other trials by Sedlack, trainees who
received VR training in combination with conventional
training achieved better overall ratings of competency
and patient comfort!*??, These studies suggest that
SBT may have a role in supplementing early endoscopy
training. There is, however, no strong evidence to sug-
gest the use of SBT as a replacement for conventional
training, giving the limitation of a model in mimicking
real life variables and complexities. Furthermore, there is
no literature comparing SBT to apprenticeship training for
ERCP or other advanced procedures.

SBT with feedback vs without feedback

Feedback is essential in SBT. Recently, Mahmood and
Darzi showed that without feedback on performance,
SBT does not augment leaming™®. Specifically, the deli-
very of feedback should be given with an awareness
of the trainee’s cognitive load™". Cognitive load is the
effort used in working memory and has three types:
intrinsic, extraneous, and germane!**?, Intrinsic load
relates to essential components of the learning task,
i.e., endoscopy, while extrinsic load relates to non-
essential tasks, such as distractions related to other staff
members'*?. Germane load relates to forming learning
schemas to consolidate the learning, i.e., compartmen-
talizing concepts to gain mastery™*. Leaming is thought
to occur when trainees form their own cognitive schemas
that they can readily access™*”. In this setting, feedback
can help the trainee through negotiating goals for the
current session and setting goals for future sessions.
Feedback delivered during endoscopic procedures should
be minimal to reduce a trainee’s cognitive load and
should be directive. For example, the expert endoscopist
may tell or show the trainee how to change their
hand position while navigating the endoscope during
the session™*!, This allows the trainee to incorporate
that feedback during that endoscopy and learn from
the mistake. After the session, facilitative feedback,
which elicits trainee’s thoughts should be used to help
the trainee engage in reflective learning and develop
problem solving skills™". This is supported by previous
work suggesting that delayed feedback, when compared
with immediate feedback, may be advantageous in the
development of cognitive schemas'**,

Integration of SBT in curriculum
Another area of interest in endoscopic training is whether
SBT should be embedded in structured curriculum or
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self-directed curriculum. The benefit of self-directed cur-
riculum is that it allows learners to set their own learning
goals and pace their learning™. However, this is usually
best suited for knowledge sharing that is meant to be
sustained for a lifetime or for knowledge that is meant
to be applied in varied situations after being acquired
in one setting - for example, medical students learning
pathophysiology that they will be expected to apply on
clinical rotations™**'. Structured learning has a set goal for
the trainee, and a trainer to help accomplish that goal™".
This goal can be in a form of a certain skill or concept.
Structured learning works best for teaching cognitive
concepts and technical skills. Grover et al*” investigated
SBT as part of a structured curriculum compared to
self-regulated curriculum, and found that structured cur-
riculum led to better acquisition of technical and non-
technical skills that transferred to the clinical setting.
The authors concluded that when using SBT to augment
the conventional teaching model, it should be through a
structured curriculum that encompasses the cognitive,
technical, and integrative skills needed for endoscopy.

Structured curricula can be further enhanced by
incorporating educational theory-based interventions.
For example, two groups applied progressive learning
to endoscopy curricula, which involved challenging the
learner by increasing the task difficulty and/or complexity
as the learner’s abilities improves®®*', In both studies,
the authors found that training regimens in which trai-
nees encountered progressively more difficult cases led
to improved technical skills in the trainees.

FUTURE DIRECTIONS

Simulation based training through virtual-reality moda-
lities has a role in training the novice endoscopist with
no or minimal prior experience in endoscopy. SBT offers
the opportunity to practice endoscopy in a risk-free en-
vironment prior to first patient contact. It is, however,
necessary for trainees to undergo patient-based training
with an expert endoscopist. Despite the high fidelity of
simulators, it difficult to replicate all the variables that a
trainee would encounter during a real patient experience,
including the non-technical aspects of endoscopy that
need to be mastered. As medical education moves to-
wards a competency-based framework, one area that
requires elucidation is level of expertise or competency
required in the simulated setting before to moving onto
a real patient. Currently, this distinction is unclear and
merits further evaluation. Moreover, the use of edu-
cational constructs in SBT should be further explored.
Furthermore, there is no data in the literature to date
on the cost-effectiveness of VR simulation in endoscopy,
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Table 1 Summary of randomized controlled trials

Ref. Sample size Intervention Outcomes
Flexible Sigmoidoscopy
Tuggy et al™ 10 Group 1: VR simulation Group 1 performed better: Faster mean completion time (323 s vs 654 s), lower directional
Group 2: No simulation errors (1.6% vs 8.6%), higher % of colon visualized (79% vs 45%)
Gerson et al™ 16 Group 1: VR simulation Group 1 performed worse: Lower mean score (2.9 vs 3.8 out of 5), lower cases completed
Group 2: Conventional independently (29% vs 72%), lower retroflexion completed (56% vs 84%); average time,
teaching patient satisfaction did not differ
Sedlack et al™ 38 Group 1: VR simulation Group 1 performed better: Higher patient comfort; procedural skills (independence,
Group 2: Conventional identifying pathology, landmarks, performing biopsies, adequate visualization) did not
teaching differ
Colonoscopy
Sedlack et al™ 8 Group 1: VR simulation Group 1 performed better in first 30 procedures: High depth of unassisted insertion, higher
Group 2: No simulation % of procedures completed independently (64.1% vs 56.3%), high scores on other measures
such as ability to insert in a safe manner, adequality visualize mucosa, identify landmarks;
mean time to reach maximum insertion did not differ
Ahlberg et al™ 12 Group 1: VR simulation Group 1 performed better: Higher rates of insertion to cecum (52% vs 19%), shorter

Cohen et al™

Park et al®™

Yi et al™

Haycock et al™”

MclIntosh et al™

Gomez et al®

Grover et al™

Grover et al®™

Group 2: No simulation
45 Group 1: VR simulation
Group 2: No simulation

24 Group 1: VR simulation
Group 2: No simulation
11 Group 1: VR simulation
Group 2: No simulation

36 Group 1: VR simulation
Group 2: Conventional

teaching
18 Group 1: VR simulation

Group 2: No simulation

27 Group 1: VR simulation +
benchtop simulation
Group 2: VR simulation
Group 3: Benchtop simulation
33 Group 1: Self-regulated
learning with VR simulation
Group 2: Structured
curriculum with VR
simulation
37 Group 1: Progressive learning
with VR simulation
Group 2: Non-progressive
learning with benchtop
simulator

Esophagogastroduodenoscopy

Di Giulio et al®™

Sedlack et al'™

Shirai et al™

Ferlitsch et al™

Ende et al®

22 Group 1: VR simulation
Group 2: No simulation

8 Group 1: VR simulation
Group 2: No simulation
20 Group 1: VR simulation +

Conventional teaching
Group 2: Conventional

teaching
28 Group 1: VR simulation
Group 2: No simulation
29 Group 1: VR simulation +

Conventional teaching
Group 2: Conventional
teaching
Group 3: VR simulation alone

Endoscopic retrograde cholangiopancreatography (ERCP)

Lim et al™

16 Group 1: Mechanical
simulator
Group 2: No simulator

Raishidenge ~ WJG | https:/ /www.wjgnet.com

procedure time (30 min vs 40 min), less patient discomfort
Group 1 performed better: Higher competence scores as judged by ability to reach the
transverse colon and cecum without assistance (92.7% vs 90.9% by Session 10); patient
comfort did not differ
Group 1 performed better: Higher global ratings (17.9 vs 14.8 out of 35) based on technique,
use of controls, flow of procedures, advancement.

Group 1 performed better: Higher scores during colonoscopy. Higher number of procedures
completed independently (76% vs 43%), higher patient comfort; no difference in time or
visualization of mucosa
Group 1 performed better: Higher completion rates (95% vs 70%) and shorter times (407 s
vs 743 s), higher patient comfort, higher use of correction abdominal pressure (79% vs 52%),
lower insertion force; other variables such as number of transverse loops, correct use of
variable stiffness did not differ
Group 1 performed better: Less instances of requiring assistance (1.94 vs 3.43), greater
unassisted insertion depth (43 cm vs 24 cm), greater rate of cecal intubation (26% vs 10%),
high overall competence scores; patient comfort did not differ
Group 1 and 2 improved: Performed better on post-test compared to pre-test through
Global Assessment of Gastrointestinal Endoscopic Skills tool (navigation, strategies, clear
lumen and quality of examination)

Group 1 and 2 improved; Group 2 performed better: Both groups improved on
colonoscopy-specific performance; Group 2 performed better based on Joint Advisory
Group on GI Endoscopy’s Direct Observation of Procedural Skills Tool (JAG DOPS), had
better communication rating, and better integrated global rating

Group 1 performed better: Higher JAG DOPS score, communication and integrated global
rating

Group 1 performed better: Higher number of completed procedures (87.8% vs 70%),
required less assistance (41.3% vs 97.9%), overall performance was better; length of time
was not significantly different
Group 1 performed worse: Lower patient comfort (5 vs 6), independence and competence
scores
Group 1 performed better: Required less direct assistance (8.6% vs 25.9%), higher score on
11 items scored during the procedure; no significant difference in completion time

Group 1 performed better: Decreased total time to reach duodenum (239 s vs 310 s); higher
technical accuracy; diagnostic accuracy did not differ
Group 1 and 2 improved: Improvement in time within group (195 s vs 119 s; 261 s vs 150 s);
no significant difference in between groups
All groups showed improvement in post-intervention manual skills test score.

None of the other outcomes reached statistical significance, such as time to intubate
esophagus

Group 1 performed better: Improved cannulation rates (47.1% vs 69.6%), decreased total
time (4.7 vs 10.3 mins); overall performance score not significantly different.
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Liao et al™ 16 Group 1: Mechanical
simulator
Group 2: No simulator
Meng et al®™ 5 Group 1: Mechanical

simulator
Group 2: No simulator

Group 1 performed better: Improved cannulation rates (73.25% vs 47.35%) and improve
overall performance; benefit of single vs multiple simulator practices was not statistically

significant.

Group 1 performed better: Improved cannulation rates (79.4% vs 61.5%), lower total time
(19.38 min vs 26.31 min), and improved overall performance score.

Summary of 21 randomized controlled trials investigating endoscopic techniques, including flexible sigmoidoscopy, colonoscopy, organic gastrointestinal

disease and endoscopic retrograde cholangiopancreatography, including sample size, groups in the study and summary of results. Conventional training

refers to the apprenticeship model.

which can be expensive in terms of capital costs and
costs associated with physician-trainers.

Feedback

During SBT, feedback is often provided by an expert that
provides through verbal cues and instructions, and/or
by performance metrics from the VR simulator. There
are several ways to enhance the delivery of feedback.
First, before each simulation session, trainees can be
encouraged to document and share their objectives with
the expert endoscopist, helping them form a habit of
being conscious of their goals during each endoscopic
procedure. This enhances learning as it provides the
trainer and trainee with a specific goal to comment
upon*t, Moreover, taking the feedback from one ses-
sion, the trainees can be encouraged to reflect upon
what they will change in their next session, allowing
them to understand how to integrate feedback into
their training™". SBT in procedural settings allows trai-
nees to observe how incorporating feedback into their
next session can result in better outcomes, as other
extraneous variables will be controlled. Feedback can
be incorporated into endoscopy curricula through gami-
fication, where similar to a game, incremental increase
in difficulty and ability to achieve certain goalposts will
indicate the level of skill in a trainee*®. Second, SBT
can be used to help identify trainees that are struggling
early in their training and allow programs to supplement
their learning. Finally, SBT allows for video-recording
of procedures and for trainees to watch videos of both
their own performance and expert performance. In endo-
scopy, watching these videos is associated with improved
trainee self-assessment skills over time™”’,

Non-technical skills

Non-technical components of the endoscopic procedure
include communication and teamwork, judgement and de-
cision making, leadership, and situational awareness™*.,
Non-technical skills are difficult to teach, especially in
a setting where the patient may be partially sedated
or even awake. Soft skills in medicine are often taught
through role modeling, i.e., apprenticeship™*”’. Similarly,
non-technical skills in endoscopy are often taught in the
endoscopy suite. However, using high fidelity simulation
with standardized patients and actors playing the role
of nursing staff to simulate integration scenarios can be
used help prime trainees to the non-technical skills of

endoscopy™”.
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Emergencies during endoscopy

Dealing with emergencies during endoscopy can be a
very stressful experience for trainees. Currently, SBT is
limited to polypectomies and other routine procedures,
though it may be expanded to include more emergent
cases. Similar to Code Blue training, Kiesslich et al*”
showed that simulation training was associated with
better endoscopic performance and crisis management in
endoscopic emergencies. Additionally, randomized trials
in Advanced Cardiac Life Support simulation revealed
improved performance in the simulator-trained groups®"..
SBT allows for trainees to practice the shared mental
model and crisis resource management™®. Further
studies randomized trials can explore these concepts.

Ergonomics

Recently, the importance of ergonomics in endoscopy
has become evident. Studies have indicated a high
prevalence of musculoskeletal disorders ranging from
37%-89% among endoscopists™?.. These injuries are
thought to be due to repeated pinching or gripping,
pushing, pulling and torquing of the endoscope in po-
tentially awkward postures™. Currently, there are no
guidelines for optimal ergonomic position due to indivi-
dual differences in anthropometry. Rather than strict
guidelines about positioning during procedures and
endoscope handling, some general guidelines may be
more valuable. For instance, for computer workstations,
guidelines give users recommendations such as keeping
the elbow at a right angle with the forearm, which should
be parallel to the ground™. In endoscopy, posture while
doing the procedure should be neutral without excessive
bending. Trainees often tend to bend their body uncon-
sciously when trying to get a better view on the screen.
Other tips include to use the endoscope as a lever to
reduce right hand torqueing, using a neutral thumb grip
position, using gauze with right-hand grip to reduce
pressure, and using the left-hand pinky grip technique
to reduce right-hand strain in difficult or tight endoscope
positions™. SBT can be used to teach these skills to
the trainees by helping them practice posturing with a
model that mimics the physical aspects of the endoscope
workstation. Studies assessing the effectiveness of SBT
to teach ergonomics are lacking.

CONCLUSION

SBT is an important supplement to conventional training
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help facilitate learning of endoscopy with no risk to

patients. There is, however, insufficient evidence to
advocate for SBT as a replacement for conventional
training due to its limitation in mimicking real life. Cur-
rent simulation training curricula may be enhanced with
additional focus on the delivery of feedback and the
integration of educational theory based strategies. Fu-
ture studies should broaden the context in which SBT is
studied or utilized.
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Abstract

Minimal hepatic encephalopathy (MHE) represents the
mildest type of hepatic encephalopathy (HE). This condi-
tion alters the performance of psychometric tests by impai-
ring attention, working memory, psychomotor speed,
and visuospatial ability, as well as electrophysiological
and other functional brain measures. MHE is a frequent
complication of liver disease, affecting up to 80% of
tested patients, depending of the diagnostic tools used
for the diagnosis. MHE is related to falls, to an impairment
in fitness to drive and the development of overt HE, MHE
severely affects the lives of patients and caregivers by
altering their quality of life (QoL) and their socioeconomic
status. MHE is detected in clinically asymptomatic patients
through appropriate psychometric tests and neurophysio-
logical methods which highlight neuropsychological altera-
tions such as video-spatial orientation deficits, attention
disorders, memory, reaction times, electroencephalogram
slowing, prolongation of latency evoked cognitive po-
tentials and reduction in the critical flicker frequency.
Several treatments have been proposed for MHE treat-
ment such as non-absorbable disaccharides, poorly absor-
bable antibiotics such rifaximin, probiotics and branched
chain amino acids. However, because of the multiple
diagnosis methods, the various endpoints of treatment
trials and the variety of agents used in trials, to date the
treatment of MHE is not routinely recommended apart
from on a case-by-case basis. Aim of this review is analyze
the burden of MHE on QoL of patients and provide a brief
summary of therapeutic approaches.

Key words: Cirrhosis; Minimal hepatic encephalopathy;
Covert hepatic encephalopathy; Health related quality of
life

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: Minimal hepatic encephalopathy (MHE) being
related to falls, an impairment in fitness to drive and
the development of overt hepatic encephalopathy (HE),
severely affects the lives of patients and caregivers by
altering their quality of life (QoL) and their socioeconomic
status. The aim of this review is to analyze the burden of
MHE on QoL of patients and provide a brief summary of
therapeutic approaches.

Ridola L, Nardelli S, Gioia S, Riggio O. Quality of life in patients
with minimal hepatic encephalopathy. World J Gastroenterol
2018; 24(48): 5446-5453
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DOIL: https://dx.doi.org/10.3748/wjg.v24.148.5446

INTRODUCTION

Hepatic encephalopathy (HE) is a complex neurological
syndrome, typical of liver advanced liver disease, which
determines a wide and complex spectrum of nonspecific
neurological and psychiatric manifestations'™. In its mild
expression, minimal HE (MHE)™?, this condition impairs
the performance of psychometric tests, such as working
memory, psychomotor speed, and visuospatial ability,
as well as electrophysiological and other functional brain
measures, without, however, any evidence of apparent
and classical clinical manifestations™*. MHE is a frequent
complication of liver disease and is considered as one
of the worsts manifestations, severely affecting the
life of patients and caregivers. Moreover, the cognitive
impairment results in the use of more healthcare re-
sources than other liver diseases®'". Depending on
the population studied and the diagnostic tool used,
MHE incidence may vary, ranging between 20% and
80% of patients with cirrhosis™”. A full overview of
the different diagnostic modalities of MHE has been
recently published™®. MHE, involves the areas of at-
tention, alertness, response inhibition, and executive
functions™™?? reducing the safety and quality of life (QoL),
both of patients and caregivers. Moreover, those patients
show also sleep disorders™™?® and deficits in specific
activities such as driving, which are dangerous for them-
selves and for others. As low-grade HE (gradel) is
difficult to diagnose, the term “covert” has been recently
introduced combining MHE and Grade I HE™. The term
“covert” has been debated since the condition is simply
not overt, obvious and severe or clinically unquestionable,
but is not really unapparent (latent, subclinical, minimal).
Finally, MHE and covert hepatic encephalopathy (CHE)
are well known risk factors for the development of overt
hepatic encephalopathy (OHE). In fact, the risk for a first
episode of OHE range from 5% and 25% within 5 years
after cirrhosis diagnosis, depending on risk factors, such
as other complications related to cirrhosis (MHE or CHE,
infections, variceal bleeding, or ascites) and possibly
diabetes and hepatitis C****\, Under this light, it appears
clear that the presence of MHE has a detrimental role on
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the QoL of patient and, at this regard, a survey of the
American Association for the Study of Liver Diseases of
2007, showed that most dlinicians believe MHE to be
a significant problem, remaining unfortunately under
investigated. In fact, only 50% of clinicians had screened
their patients for MHE, and 38% had never studied
their patients with liver cirrhosis using psychometric
assessment. MHE impairs patients’ QoL, increases the
occurrence of disability, and has a negative effect on
their daily activities. The impact of the perception of the
disease, in the form of a “Sickness Impact Profile (SIP)”,
has been investigated in patients with cirrhosis to assess
QoL indicators, i.e., sleep, rest, eating, work, home
management, recreation, walking, daily care, movement
and emotional behavior. These conditions resulted
significantly altered in patients with MHE compared to
individuals without MHE™!, In addition, in the presence of
MHE, QoL indicators, such as the capacity to drive a car,
and the incidence of sleep disorders were impaired™®.
Aim of this review is analyze the burden of MHE on
quality of life of patients and provide a summary of the
proposed therapeutic approaches.

IMPACT OF MHE ON QOL

Although liver cirrhosis presents a poor prognosis, re-
cent findings in diagnosis, therapeutic strategies and
general management of this disease have significantly
improved survival rates. Several studies have shown that
liver diseases severely worsen the health-related QoL
(HRQoL)™¥* especially in relation to hospitalizations,
severity of the disease, and its complications such as
recurrent HE or OHE, as well as the coexistence of sleep
disorders™®, Recent evidence suggests that OHE leads to
persistent cognitive impairment even after its resolution.
In accordance with the growing interest in the central
role of perception in a patient’s state of health, the
evaluation of HRQoL is acquiring importance in clinical
practice as well as in planning therapeutic strategies.
It has in fact already been shown that “quality” and
“disability” of daily life have a stronger impact than
“longevity” on patients’ expectation of life™*". A series
of evidences show that HRQoL may appear to be
influenced by the coexistence of MHE!***?%%** These
findings have enhanced the interest to verify whether
the specific treatment of these condition could lead to a
consequent improvement in HRQoL. In decompensated
cirrhosis, MHE worsens the domains of activity, emo-
tional function and global scoring on the chronic liver
disease questionnaire (CLDQ). MHE also alters ap-
petite in cirrhosis and, consequently the liver function
impairment, a condition of malnutrition occurs adversely
impacting quality of life*®. Prasad et af™® showed more
than 10 years ago that lactulose treatment of MHE
patients significantly improved not only psychometric
performance, but also their HRQoL. In 75% of patients
with MHE resolution, a significant improvement in
the “SIP” and a correlation between improvement in
psychometric performance and QoL were observed™.
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Furthermore, Sanyal et al*’) demonstrated that the
chronic administration of rifaximin in patients without
OHE at enrollment, but with a history of recurring HE,
significantly improved HRQoL.

Strongly related with QoL is, in our opinion, the
relationship between MHE and falls. In fact, patients
with liver cirrhosis are at risk of fractures due to osteo-
porosis secondary to malnutrition, hypogonadism and
liver failure!®>%, The injuries, especially fractures and sub-
sequent surgical sequelae, and related hospitalizations,
determine morbidity and mortality in patients with cir-
rhosis®" and therefore can be considered well related
with QoL. The falls and subsequent fractures also
have a serious impact on the patient’s family and com-
munity and have a high economic impact®>**. Roman
et al® have shown that, because of falls, the need
for healthcare (8.8% vs 0%, P = 0.004), whereas
hospitalization (6.6% vs 2.3%, P = NS) was greater
in patients with MHE than in cirrhotic patients without
MHE. Multivariate analysis identified MHE [odds ratio
(OR) = 2.91, 95% confidence interval (CI): 1.13-7.48,
P = 0.02], in addition to a previous history of OHE
(OR = 2.87, 95%CI: 1.10-7.50, P = 0.03) and taking
psychoactive drugs (OR = 3.91, 95%CI: 0.96-15.9, P
= 0.05), as factors independently associated with falls.
These findings were subsequently confirmed by Soriano
et al®® in a larger patient cohort. The authors were
able to conclude, using multivariate analysis, that the
presence of cognitive impairment, or the presence of
MHE diagnosed by an abnormal Psychometric Hepatic
Encephalopathy Score (PHES) were the only independent
factors predictive of a fall (OR = 10.2 95%CI: 3.4-30.4,
P < 0.001). Moreover, the probability of a fall in one
year was found to be significantly higher in patients with
MHE (52% vs 6.5%, P < 0.0001) compared to those
without MHE. Urios et al®® demonstrated that patients
with MHE show an altered balance, mainly if evaluated
on an unstable surface with eyes open, with longer
reaction and confinement times and lower success in
stability test limits, than patients free from MHE. Finally,
patients with MHE may experience also sleep disorders,
severely affecting quality of life. Singh et a*” evaluated
sleep disorders in MHE and assess the effect of lactulose
on sleep disturbances and HRQoL, concluding that
excessive sleepiness on day time and an impairment
in sleep quality are common in patients with MHE. The
administration of lactulose also leads to improvement in
MHE as well as sleep disturbances and HRQoL.

MHE AND HRQOL ASSESSMENT

There is no single optimal measure to assess the pre-
sence of MHE. In fact, none of the methods proposed
cover all aspects of HE, appropriate norms are needed
for a good sensitivity and specificity in identifying patients
at risk of overt HE, the rate of pathological results
in patient groups without overt HE differs markedly
and finally the results of the various methods are not
consistent. However, with a significant negative impact
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on the daily lives of patients and caregivers, MHE is still
likely to be ignored by most clinicians if standards of
neuropsychological testing are not followed while testing
a patient for MHE. Magnetic resonance imaging has
recently proposed with promising results to assess the
presence of MHE®**!, A comprehensive review on the
diagnostic modalities was previously published by our
group™®,

SIP

The SIP questionnaire (Medical Outcome Trust, Boston,
MA) was used to assess the influence of disease and
treatment on daily functioning. The questionnaire is
based on 136 items grouped into 12 scales (sleep and
rest, eating, work, home management, recreation and
pastimes, ambulation, mobility, body care and move-
ment, social interaction, alertness, emotional behavior,
and communication)™”. The SIP provides the opportunity
to calculate a total score, ranging from 0 (best) to 100
(worst), and patients mark only items that relate to their
health at that time. Change in the total SIP score after a
predetermined period of time of treatment or follow-up
could be a measure of change in overall HRQoL.

CLDQ

The CLDQ is a validated tool for evaluating quality of
life in subjects with chronic liver disease®®. The CLDQ
contains 29 items grouped in six domains: abdominal
symptoms (three items), fatigue (five items), systemic
symptoms (five items), activity (three items), emotional
function (eight items) and worry (five items). For each
question patients were ranked on a 7-point scale, with
higher scores indicating better HRQoL. Data are pre-
sented by domain, overall and by items.

Short Form-36

Short Form-36 (SF-36) is a paper-pencil test corrected
for age, education and occupation of a healthy Italian
population samplef®, which investigates the full range
of the patient’s health status by 36 multiple-choice
questions. The test measures eight domains, four in
the area of “physical health” (physical functioning, role
limitation-physical, bodily pain, general health) and four
in the area of "mental health” (role limitation-emotional,
vitality, mental health and social functioning). Each
domain is scored between 0 and 100 points, when
higher scores indicate a better HRQoL. It includes a final
question on the patient’s perception of changes in his/
her health condition in the previous 12 mo. The physical
component summary (PCS) and the mental component
summary (MCS) may also be computed. The SF-36 has
a strength limitation, it is validated only in italian popu-
lation.

THE ROLE OF MHE TREATMENT ON QOL

MHE and CHE can alter severely patient’s daily life, and
in certain cases (e.g., impairment of driving skills or work
performance, poor QoL, or cognitive complaints) the
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indication to adopt any given pharmacological treatment
may prevail. However, because of various methods used
to assess the presence of MHE and CHE, the varying and
multiple endpoints, the short-term treatment trials, and
differing agents used in trials to date, recently published
guidelines state that treatment of MHE and CHE is not
routinely recommended apart from on a case-by-case
basis®, Table 1 provides a complete overview of the
studies of MHE treatment in the specific setting of QoL.

Concerning specific treatments, rifaximin is an oral
non-systemic broad-spectrum antibiotic, similar to rifam-
pin. Rifaximin, after concentrating in the gut, is able to
modulate the intestinal to reduce intestinal ammonia and
toxin formation. Bajaj et a*” demonstrated that patients
with MHE treated with rifaximin for an 8-wk period
showed significantly greater improvements in the psycho-
social dimension of the SIP and in driving and cognitive
performance than patients treated with placebo. These
results were confirmed in another randomized controlled
trial (RCT), in which the authors demonstrated that
rifaximin is significantly able to improve both cognitive
functions and HRQoL in patients with MHE™*), Recently,
an RCT comparing rifaximin with lactulose for MHE
reversal and HRQoL amelioration failed to demonstrate
significant differences between groups™.

Lactulose or lactitol are non-absorbable disaccharides
used widely in the management of OHE. Lactulose is
fermented in the colon, being metabolized to acetic and
lactic acid, acidifying intestinal contents and conversion
of ammonia (NH3) to ammonium (NH4") that is not
systemically absorbed and is excreted in stool. Moreover,
lactulose also has a cathartic effect, increasing nitrogen
excretion fourfold. Although Prasad et alf'*” concluded
that lactulose treatment improves both cognitive func-
tion and HRQoL in MHE patients, most subsequent
studies have not provided strong evidence confirming
the efficacy of non-absorbable disaccharides in MHE
treatment!****1, A meta-analysis evaluating the role
of pharmacological treatment with non-absorbable dis-
accharides in patients with MHE failed to show clear
evidence that any treatment played a convincing role in
improving cognitive function and HRQoL".,

Probiotics are live microorganisms and synbiotics
are probiotics with the addition of fermentable fiber able
to change the balance of intestinal microflora. The sup-
posed mechanism of action is that, reducing intestinal
bacterial urease activity, these drugs decrease the
absorption of ammonia and other gut-derived toxins
potentially involved in the pathogenesis of (M)HE.
Seven recently published RCTs were aimed to evaluate
the role of probiotic treatment/supplementation in
treating MHE. Unfortunately, the results do not support
the evidence on the efficacy in MHE reversal of a
treatment with probiotics alone or in addition to other
drugs®®*”74_In fact, no significant difference in the
improvement of QolL, MHE, hospitalization rates, or
progression to OHE has been reported when probiotics
were compared with lactulose”™. Camitine a resveratrol
have also been proposed with encouraging results in
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MHE treatments”®””), as well as polyethylene glycol”®;
or nitazoxanide, actually proposed for OHE treatment,
could be considered for future studies for MHE treatment.
Finally, recently published European Association of Liver
disease Clinical Practice Guidelines on Nutrition in chronic
liver disease highlight to avoid protein restriction in
patients with HE®”,

CONCLUSION

MHE and CHE represent a broad spectrum of neuro-
psychological manifestations of liver disease in which the
detection of risk thresholds for the occurrence of OHE,
impairment in daily life activities and in QoL has unfor-
tunately not yet been well defined. Studies specifically
aimed at establishing whether a treatment of MHE is able
to affect clinically relevant endpoints are still needed™”.
The presence of minimal or CHE should be assessed
following objective and universal modalities. Following
this direction, only changes of psychometric tests should
not be chosen as the main endpoint of the study; being
only used as a criterion to include comparable patients.
The sample size should be assessed according to clini-
cally relevant endpoints, such as the quality of life or
the occurrence of OHE during the follow up. For the
assessment of the efficacy of a treatment in patients
with MHE, the organization of large multicenter studies is
considered mandatory, as well as a parallel design with
a placebo or a no-treatment arm should be considered
necessary. In this specific setting, the majority of studies
enrolled patients with MHE diagnosed with different
modality and studies have been designed with a different
aim. Therefore, these evidences cannot be comparable,
and we cannot draw unequivocal conclusions. Moreover,
because MHE is a chronic condition, the tested drug
should be administered for a very long period of time
without significant side-effects. Among the emerging
drugs, modulators of the intestinal bacterial flora should
be the first candidates to be tested in this field. Future
studies should fill the gaps in our knowledge.
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Abstract

The biosynthesis of prostanoids is involved in both physio-
logical and pathological processes. The expression of
prostaglandin-endoperoxide synthase 2 (PTGS2; also
known as COX-2) has been traditionally associated to
the onset of several pathologies, from inflammation to
cardiovascular, gastrointestinal and oncologic events. For
this reason, the search of selective PTGS2 inhibitors has
been a focus for therapeutic interventions. In addition
to the classic non-steroidal anti-inflammatory drugs,
selective and specific PTGS2 inhibitors, termed coxibs,
have been generated and widely used. PTGS2 activity is
less restrictive in terms of substrate specificity than the
homeostatic counterpart PTGS1, and it accounts for the
elevated prostanoid synthesis that accompanies several
pathologies. The main regulation of PTGS2 occurs at
the transcription level. In addition to this, the stability
of the mRNA is finely regulated through the interaction
with several cytoplasmic elements, ranging from specific
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microRNAs to proteins that control mRNA degradation.
Moreover, the protein has been recognized to be the
substrate for several post-translational modifications
that affect both the enzyme activity and the targeting
for degradation via proteasomal and non-proteasomal
mechanisms. Among these modifications, phosphorylation,
glycosylation and covalent modifications by reactive lipidic
intermediates and by free radicals associated to the pro-
inflammatory condition appear to be the main changes.
Identification of these post-translational modifications
is relevant to better understand the role of PTGS2 in se-
veral pathologies and to establish a correct analysis of
the potential function of this protein in diseases progress.
Finally, these modifications can be used as biomarkers to
establish correlations with other parameters, including the
immunomodulation dependent on molecular pathological
epidemiology determinants, which may provide a better
frame for potential therapeutic interventions.

Key words: Prostaglandins; Prostaglandin-endoperoxide
synthase 2; Post-translational modifications; Glycosylation;
Colorectal cancer; Inflammation

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The post-translational modifications of prosta-
glandin-endoperoxide synthase 2 (PTGS2) appear to be
specific signatures of this enzyme in human colorectal
cancer (CRC). Glycosylations of PTGS2 that alter the
electrophoretic mobility of the protein are mainly ob-
served in the tumor samples but are absent in the non-
tumor samples obtained from these patients. These
modifications not only may play a pathophysiological
role in the progression of CRC but also may provide new
biomarkers to develop specific therapeutic interventions.

Jaén RI, Prieto P, Casado M, Martin-Sanz P, Bosca L. Post-
translational modifications of prostaglandin-endoperoxide
synthase 2 in colorectal cancer: An update. World J
Gastroenterol 2018; 24(48): 5454-5461

URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5454.htm
DOIL: https://dx.doi.org/10.3748/wjg.v24.148.5454

INTRODUCTION

The role of prostaglandin-endoperoxide synthase 2
(PTGS2) in physiology and pathophysiology has been
addressed in different studies since this enzyme is
induced under several circumstances, including inflam-
mation, tumor progression and cell survival™™®. Two
PTGSs are present in mammalian cells: PTGS1, which
is constitutively expressed in almost all tissues at low
levels, playing a homeostatic role; and PTGS2, which
is considered as an immediate early gene that is ex-
pressed in response to a wide array of cell challenges
and stressors” %, Both enzymes catalyze the same
reaction, which constitutes the rate-limiting step in
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the biosynthesis of different prostanoids, such as se-
veral prostaglandins, via tissue specific prostaglandin
synthases, thromboxane A2 and other eicosanoids!***?.
Provision of arachidonic acid as substrate is dependent
on the activation of phospholipase A2, which in turn,
responds to different cell stressors connecting phos-
pholipid hydrolysis to prostanoid synthesis!%'!***4
(Figure 1). Both PTGS isoforms are conserved among
mammals and weight 70-75 kDa. They share more
than 60% sequence homology in mammalian species
and retain more than 85% identity when comparing
orthologues from different species, displaying conserved
regulatory and catalytic domains as depicted in Figure
2. Structural studies show that the isoleucine located at
position 523 in PTGS1 is substituted by valine in PTGS2
(position 509) and this difference in hydrophobicity and
size constitutes the basis for the design of selective,
isoenzyme-specific hydrophobic inhibitors, such as the
coxibs™*”), Regarding the conserved protein motifs,
they include an epidermal growth factor-like domain
followed by a membrane-binding region that allows
positioning of the different PTGS in cytoplasmic micro-
ambiances. The catalytic site of the enzyme involves two
independent activities: the deoxygenation of arachidonic
acid and an additional site responsible for the subsequent
reduction via the peroxidase activity!'®. These domains
are relevant for the subcellular localization of PTGS al-
lowing the protein to interact with the luminal space of
the endoplasmic reticulum and with the nuclear mem-
brane. This is important to understand the activity of
the enzyme since phospholipases and their targets,
the phospholipids required to release arachidonic acid,
are located in biological membranes!'®**, Additionally,
other free fatty acids, such as eicosanepentaenoic
acid®, docosahexaenoic acid®*, a-and y-linolenic acid
or linoleic acid can be metabolized by PTGS2 leading to
molecules involved in the control of inflammationt®>2°!
(Figure 3). Several works described selective distribution
of both PTGS isoforms in the cell, with a preferred
positioning of PTGS2 near the nuclear structure. This
is also pertinent for the fate of the products of the en-
zymes!'?, These prostanoids can be released to the
extracellular milieu and exert their autocrine or paracrine
actions either by the specific G protein-coupled receptor
(GPCR)-coupled prostaglandin E2 (PGE2) receptor (EP)
receptors™”, by diffusion or through the interaction with
several transporters (i.e., the prostaglandin transporter
system, the ABC cassettes, or the scavenger lipid
receptor CD36™*>%). In addition to GPCR-mediated early
signaling, prostanoids may alter gene transcription after
interaction with several nuclear receptors, such as the
peroxisomal proliferator activated receptors (PPARs)™>"*%,

PTGS2 EXPRESSION IN COLORECTAL
CANCER TUMORIGENESIS

The role of PTGS2 expression in the initiation and pro-
gress of colorectal cancer (CRC) still remains a matter
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Figure 1 Biochemical reactions catalyzed by prostaglandin-endoperoxide
synthase using arachidonic acid as substrate. Phospholipids are cleaved
by phospholipases to render arachidonic acid. Prostaglandin-endoperoxide
synthase activity generates the precursor prostaglandin H2 that is converted in
the different prostaglandins (PGs) by prostaglandin synthases and thromboxane
A2, by thromboxane synthase. PG: Prostaglandin; PTGS: Prostaglandin-
endoperoxide synthase.

of debate. On one hand, epidemiological studies using
broad (aspirin, indomethacin) or selective inhibitors of
the PTGS isoforms at least suggest that under these
conditions, prevention occurs in the development of
CRCH6313431  However, direct measurement of PGE:
levels in samples from adenomatous vs healthy tissue
fails to show a clear cut-off supporting tumor growth and
survival. In addition to this, the use of selective inhibitors
of the EP receptors also contributes to the suggestion
that autocrine signaling is perhaps critical in the com-
mitment of the tumor cells to proliferate and invade
the tissue via activation of mitogenic and metastatic
pathways®?”***4%3 1n addition to this, it is well known
the capacity of PGE; to favor angiogenesis of epithelial
cells, contributing to the spreading and survival of the
tumor. Moreover, due to the immunosuppressive activity
of extracellular prostanoids, the anti-tumor role of the
immune system is compromised, favoring the survival
of the transformed cells in this microenvironment®>??,
Not only the released products of PTGS2 have this ca-
pacity to alter cell fate, but at the intracellular level,
prostaglandins itself or as result of oxidation due to
increased oxidative stress may contribute to activate
nuclear receptors, such as PPARs, that oppose to the
pro-inflammatory defense mechanism favoring onco-
genic progression™*4, Thus, the amount and fate of
the products released by PTGS2 activity have different
functions in the onset of CRC. Moreover, several authors
have considered the possibility that, at least for PTGS1,
it may exert “moonlighting” functions whose biological
relevance remains to be established™®*", Additionally,
the PTGS products can be modified by another series
of enzymes, the 15PGDHSs, which are transcriptionally
regulated and determine the prostanoid levels coming
from the PTGS activity, contributing in this way to
the fine tuning of the activity of these lipid mediators
and their involvement on the pathophysiology of CRC
tumorigenesis!*®*!l, Indeed, agreement exists in the
opposite regulation of PTGS2 and 15PGDH in the sense
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that elevated PTGS2 levels repress 15PGDH expression
and vice versa, elevated 15PGDH use to repress PTGS
levels through different complementary mechanisms,
involving destabilization of the PTGS2 mRNA via specific
interaction with microRNAs™®'**?, Finally, the interplay
between different contributors to CRC is moving towards
a new integrative view that considers the immunological
modulation due to several agents, including vitamin D,
polyunsaturated fatty acids, diets with specific content in
omega-3/-6, and pharmacological treatment with broad
(aspirin) or selective PTGS2 inhibitors (coxibs). Together,
these factors determine the immune modulation of
what is defined as the immunomodulatory molecular
pathological epidemiology (PME), as an integrated view
of the environment-tumor-immune interactions, that
may establish efficient protocols for immunoprevention
and immunotherapy, leading to a better precision medi-
cinel**,

PTGS2 is mainly regulated at the transcription
level. The promoter region of PTGS2 contains several
regulatory elements conferring response to transcription
factors such as activating protein-2 (AP-2), nuclear
factor kappa B (NF-xB), cAMP response element
(CRE), E-box and Sp1, with various sites with impact
on the promoter activity>*** (Figure 2). Despite this
presence of canonical conserved transcription regulatory
elements, preliminary data from our group show that
the activity of the promoter has specific signatures
when comparing its activity in rodent vs human cells,
at least in the response to the engagement of NF-AT
sites. Indeed, NF-AT inhibition with cyclosporine A or
tacrolimus results in the repression of the pro-inflam-
matory transcriptional regulation in human cells, but
not in the rodent counterparts, suggesting a specific
fine-tuning of the promoter activity of this gene, at
least in myeloid and hepatic cell lines (Figure 4). More-
over, PTGS2 expression is controlled also at post-
transcriptional level; from a gene containing 10 exons
and producing at least three products ranging from
4.6 to 2.8 kb, a regulatory site, positioned in the last
exon that contains the 3’-UTR encoding sequences,
is responsible for RNA instability™®. As a result of this
complex regulation, the levels of prostaglandins may
vary significantly among several pathological situations,
due to the availability of different substrates for the
enzyme, the post-translational modifications occurring
in a given tissue and/or the capacity to export and
degrade the PTGS products (15PGDH; lipoxygenases,
etc.). Indeed, it has been proposed a role for PGE; in
the CRC stem cell expansion and metastasis, at least in
mice models of the disease™". Nevertheless, consensus
exists regarding the fact that PTGS2 expression is asso-
ciated with various pathophysiological events, ranging
from inflammatory diseases to different cancers. The
main problem encountered by researchers in the field
is the frequent lack of correlation between mRNA and
protein levels of PTGS2 and the corresponding bio-
synthesis of prostanoids, mainly PGE,. This is due to
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Figure 2 Comparison of the promoter region, gene structure and protein sequence of consensus prostaglandin-endoperoxide synthase 1 and 2. The
scheme shows the main transcription factors involved in the transcriptional control of prostaglandin-endoperoxide synthase (PTGS), the structure of the mRNA and
the structural motifs present in the protein and relevant for the activity of the enzyme. The glycosylation of PTGS has effects on the activity and fate of the protein,
protecting PTGS2 from proteasomal degradation. In addition to this, the electrophoretic mobility of the protein is altered by the glycosylation status of the protein.
PTGS: Prostaglandin-endoperoxide synthase; AP-2: Activating protein 2; CRE: cAMP response element; NF-kB: Nuclear factor kappa B.

Arachidonic acid Eicosapentaenoic acid Docosahexaenoic acid
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Figure 3 Alternative use of polyunsaturated fatty acids. Aspirin may alter the activity of prostaglandin-endoperoxide synthase (PTGS) since it inhibits PTGSH,
but retains the cyclooxygenase activity from PTGS2, leading to the synthesis of 15R-hydroxyeicosatetraenoic acid, from arachidonic acid, or 13- or 17R-hydroxy-
docosahexaenoic acid, from docosahexaenoic acid. PTGS: Prostaglandin-endoperoxide synthase; HETE: Hydroxyeicosatetraenoic acid; HDHA: Hydroxy-

docosahexaenoic acid.

the exquisite control on the transcription of the gene;
the existence of sequences that destabilize the mRNA
and the posttranslational modifications that alter not
only the catalytic activity of the enzyme, but also the
stability of the protein, usually favoring proteasomal
and non-proteasomal degradation'*>". Indeed, some
suggestion of a ‘moonlighting’ effect for the protein
has been reported for PTGS, an aspect of growing
interest in the cancer field®****%, Finally, more than
40 clinical trials on the use of coxibs in CRC have been
registered (ClinicalTrials.gov). Despite the controversy
on the use of selective (coxibs) vs less specific PTGS2
inhibitors (NSAIDS) the main problems coming from
these studies of chemoprevention are associated to
the lack of specific biomarkers on the progress of the
disease™ and the existence of side effects that, at the
end, represent a serious bias in the establishment of
the critical parameters associated to the onset of the
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pathology!

PATHOPHYSIOLOGICAL RELEVANCE
OF THE POST-TRANSLATIONAL
REGULATION OF PTGS2

Apart from the classic pharmacological acetylation by
aspirin on Ser530 in PTGS1 and Ser516 in PTGS2", that
prevents the full activity of the enzyme [PTGS2 retains
the ability to generate 15R-hydroxyeicosatetraenoic acid
(HETE) from arachidonic acid], other physiological post-
translational modifications have been described for the
PTGS isoenzymes. These modifications have an impact
on the catalytic activity, on the subcellular localization,
and on the targeting of the protein for degradation via
proteasomal or non-proteasomal (endoplasmic reticulum-
dependent pathways) pathways"™".. Overall, these modifi-
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Figure 4 Prostaglandin-endoperoxide synthase 2 exhibits species-specific transcriptional control. Despite the broad conservation of the transcription factor
motifs in the prostaglandin-endoperoxide synthase 2 promoter, the activity of the promoter in response to the NF-AT inhibitor cyclosporine A (CsA) is repressed in
human hepatic cell lines, but enhanced in murine hepatic counterparts. To confirm this effect, murine AT3F hepatic cells and human CHL hepatic cells were transfected
with different constructions of the promoter linked to a luciferase reporter gene (see“@for details). The protein levels and the luciferase activity were determined at 24h
after treatment with the indicated stimuli: tetradecanoylphorbol acetate 100 nmol/L, Ca**-ionophore A23187 1 umol/L; CsA 100 nmol/L. TPA: Tetradecanoylphorbol

acetate; CsA: Cyclosporine A; PTGS: Prostaglandin-endoperoxide synthase.

Common human colonic PTGS2 profile
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Figure 5 Glycosylation of prostaglandin-endoperoxide synthase 2
in colorectal cancer. The main form in colorectal cancer tissues is the
glycosylated 72 kDa protein. This glycosylated prostaglandin-endoperoxide
synthase 2 (PTGS2) is also expressed in several tumor colonic cell lines
and can be deglycosylated after incubation of the cells with glucosamine or
tunikamycin. After this treatment, PTGS2 is rapidly degraded via proteasomal
activity. CRC: Colorectal cancer; PTGS: Prostaglandin-endoperoxide synthase.

cations are in the basis of most of the pathophysiological
responses associated to the different conditions in which
PTGS2 is expressed.

Since the catalytic activity of PTGS requires a func-
tional heme group in the protein and this can be modi-
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fied by different oxidants, such as nitric oxide and other
free radicals interacting with the prosthetic group, the
enzymatic activity can be altered in this way"™®. This is
especially relevant in situations in which the high through-
put nitric oxide synthase (NOS-2) is expressed and a high
synthesis of NO occurs; however, this cannot exclude
other NOS isoenzymes that, although releasing lesser
NO, because of the proximity to PTGS may selectively
affect its activity, although discrepancies in the literature
exist describing either inhibition or activation by NO. In
fact, a complex crosstalk between the NOS and the PTGS
systems has been reported in spheroid cultures of CRC:
NO inhibits PTGS activity through different pathways,
including S-nitrosylation by peroxynitrite®”,

Western blot analysis of PTGS2 in samples of CRC
patients and in tumor colonic cell lines have evidenced
the presence of several immunodetected bands cor-
responding to PTGS2. The change in electrophoretic
mobility of the proteins is due to the presence of glycosy-
lated motifs in the protein as confirmed by biochemical
and proteomic studies. Indeed, proteomic analysis of
PTGS2 characterized the main glycosylated aminoacidic
residues™®. Both N-and O-linked glycosylation in
asparagine and serine/threonine are possible. This glyco-
sylated form is prevalent in CRC samples and in tumor
colonic cell lines, but is usually absent in samples of
healthy colonic tissue when PTGS?2 is expressed?">**!,
Indeed, this glycosylated PTGS2 is more resistant to
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proteolytic degradation than the non-glycosylated
counterpart; however, we have been unable to iden-
tify the specific glycosylation(s) of this PTGS2 by
using proteomic approaches. In fact, this is surprising
since previous work identified the N-glycosylation at
Asn580/594 as a condition favoring its proteolysis
through the ER-dependent pathway™", However, the
absence of glycosyl marks in the protein, after treatment
with glucosamine that reverts the glycosylated band
to the non-glycosylated form, targets the protein for
a rapid degradation, as reflected by the absence of
changes in the mRNA levels, but inducing a significant
decrease in the protein levels of HT29 cells treated with
glucosamine™". Moreover, inhibitors of the proteasome
prevent the degradation of PTGS2 in colonic cell lines
treated with glucosamine. In addition to this, the cata-
lytic activity of glycosylated PTGS?2 is lesser than the
corresponding to the non-glycosylated form™*¢!., Final-
ly, additional work is required to address the effect of
PTGS2 glycosylation on the response to the classic
inhibitors of the enzyme, a condition of pharmacologic
and therapeutic interest in the regulation of the catalytic
activity of the enzyme!®”. Figure 5 summarizes the effect
of glycosylation on PTGS2 activity and fate.

Another issue no completely resolved in the post-
translational modifications of PTGS2 is the phosphory-
lation in tyrosine and serine/threonine residues. In fact,
PTGS2 contains consensus motifs for the phosphorylation
by protein tyrosine kinases, such as FYN. However, direct
proofs for the occurring of such phosphorylations have
failed to provide sufficient evidence. The same happens
for the PKC phosphorylation motifs present in the protein.
However, it appears that specific tyrosine phosphorylation
is required for the functional glycosylation of PTGS2,
suggesting the convergence of different pathways in the
final post-translational modifications of the enzyme, with
relevance not only for the enzymatic activity but also for
the targeting and degradation®..

CONCLUSION

Understanding the pathophysiological role of the post-
translational modifications of PTGS2 remains a subject of
research in the area of oncology. Assessment of the role
of prostanoids in CRC initiation and progression may con-
tribute to a better management of the patients and in the
proposal of therapeutic interventions intended to regulate
colonic PTGS2 activity. Finally, the possibility exists to use
PTGS2 post-translational modifications in biopsies as an
additional predictive biomarker in CRC evaluation, and a
better integration in the immunomodulatory-molecular

pathological epidemiology™*.
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Abstract

AIM
To study the counteraction of perforated cecum lesion
using BPC 157 and nitric oxide (NO) system agents.

METHODS

Alongside with the agents’ application (after 1 min,
medication (/kg, 10 mL/2 min bath/rat) includes: BPC
157 (10 ng), L-NAME (5 mg), L-arginine (100mg) alone
or combined, and saline baths (controls)) on the rat
perforate cecum injury, we continuously assessed the
gross reappearance of the vessels (USB microcamera)
quickly propagating toward the defect at the cecum
surface, defect contraction, bleeding attenuation, MDA-
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and NO-levels in cecum tissue at 15 min, and severity of
cecum lesions and adhesions at 1 and 7 d.

RESULTS

Post-injury, during/after a saline bath, the number of ves-
sels was significantly reduced, the defect was slightly nar-
rowed, bleeding was significant and MDA-levels increased
and NO-levels decreased. BPC 157 bath: the vessel
presentation was markedly increased, the defect was no-
ticeably narrowed, the bleeding time was shortened and
MDA- and NO-levels remained normal. L-NAME: reduced
vessel presentation but not more than the control, did
not change defect and shortened bleeding. L-arginine:
exhibited less vessel reduction, did not change the de-
fect and prolonged bleeding. In combination, mutual
counteraction occurred (L-NAME + L-arginine) or the pre-
sentation was similar to that of BPC 157 rats (BPC 157
+ L-NAME; BPC 157 + L-arginine; BPC 157 + L-NAME +
L-arginine), except the defect did not change. Thereby
at day 1 and 7, saline, L-NAME, L-arginine and L-NAME +
L-arginine failed (defect was still open and large adhesions
present).

CONCLUSION

The therapeutic effect was achieved with BPC 157 alone
or in combination with L-NAME and L-arginine as it was
able to consolidate the stimulating and inhibiting effects of
the NO-system towards more effective healing recruiting
vessels.

Key words: BPC 157; Perforated cecum; L-arginine;
L-NAME; Vessels; Rats

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In rats, the cecum was exposed, and a perfo-
ration (5-mm diameter) was made at the ventral face
of the basal region of the cecum close to the largest
curvature. After 1 min, a bath (1 mL/rat) containing BPC
157, L-NAME, L-arginine, saline (controls) was directly
applied to the perforated cecum, alone or in combination.
Previously, BPC 157 rapidly activated the collateral
circulation from existing vessels in ischemic colitis or
inferior caval vein occlusion (by passing through the
arcade vessels or the left ovarian vein and other veins) to
reestablish blood flow and exert its free radical scavenger
effect in both ischemia and reperfusion.
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INTRODUCTION

In cecum perforation studies'*® the immediate post-
perforation threat is rarely studied, particularly regarding:
the rapid disappearance of blood vessels in the cecum
serosa that are instantly emptied and thereby “disappear”,
perforation defect enlargement, bleeding and fluid
leakage, increased oxidative stress and disturbed nitric
oxide (NO) levels in cecum tissue. Likewise, the possible
effect of cytoprotective agents, known to act as a class
on endothelium maintenance in the gastrointestinal tract
(and, thereby, mucosal maintenance)*®, especially the
stable gastric pentadecapeptide BPC 157 as a cytopro-
tective agent rapidly acting on endothelium integrity
maintenance!®, has been not investigated.

We focused on a perforated cecum, the stable gastric
pentadecapeptide BPC 157, the NOS-blocker L-NAME,
and the NOS-substrate L-arginine, as well as on the initial
post-perforation period, rapid disappearance of blood
vessels at the cecum serosa (emptied/disappeared),
a large immediate defect, bleeding, leakage of fluid,
increased oxidative stress and disturbed NO levels in
cecum tissue. The rationale was the beneficial effects in
rats with ischemic colitis and inferior caval vein occlusion
syndrome®*" and the particular effect of BPC 157 on
blood vessels'®?!1, Namely, we recently demonstrated
that BPC 157 rapidly activated the collateral circulation
from existing vessels in rats with ischemic colitis or
inferior caval vein occlusion®>?. In ischemic colitis (i.e.,
segment of the left colic artery and vein excluded by two
ligations) we proved effectiveness by passing through
arcade vessels”””. Antagonizing the syndrome of inferior
caval vein infrarenal occlusion, we evidenced by passing
through the left ovarian vein and other veins®®!l. These
accentuated the specific action of BPC 157 to reestablish
blood flow, and exert its free radical scavenger effect in
both ischemia and reperfusion2",

In addition, BPC 157, as a novel mediator of Robert’s
cytoprotection™'*™, also affects several other molecular
pathways'* ", 1t is native and stable in human gastric
juice and maintains gastrointestinal mucosal integ-
rity™®**!, and it represents a prototype of a more effective
class of cytoprotective agents with both prophylactic and
therapeutic abilities™*”? (unlike standard cytoprotective
agents that exhibit only prophylactic effectiveness
(shared limitation of activity))"®. BPC 157 (used in ulce-
rative colitis and now in multiple sclerosis trials) also
counteracts colitis (in various models of colitis)!%*%3*
and its complications, such as fistulas®**, failed healing
of anastomoses®®***%1 and other gastrointestinal le-
sions!’®*?, given parenterally or orally. Furthermore, BPC
157 is known to counteract thrombosis, not only after
abdominal aorta anastomosis'" or inferior caval vein
ligation™, but also after bleeding prolongation upon
amputation and the administration of anticoagulants
and aspirin®**** or inferior caval vein ligation™". This
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effect is related to its endothelial maintenance!*****

and its interaction with the NO system, which provides
the counteraction of both the opposite effects of L-NAME
(prothrombotic) and L-arginine (antithrombotic) appli-
cation™. Otherwise, bleeding from the perforated lesion
and perforated lesion outcome might be complicated
with these innate L-NAME and NOS substrate L-arginine
effects™™,

In practice, as described previously®?!, our ap-
proach to cure a perforated cecum begins with the
original understanding of stomach cytoprotection (a
very rapid protection of the stomach endothelium and
epithelium against diverse direct injuries; endothelium
maintenance — epithelium maintenance), regularly
shown with cytoprotective agents'*®\. This was further
perceived as an extended cytoprotection background™®*"
(endothelium maintenance — epithelium maintenance
= blood vessel recruitment and activation towards the
site of injury), also described as “bypassing” occlusion
via alternative ways, as demonstrated with BPC 1577,
which can likely cure rats with a perforated cecum and
thereafter. Furthermore, antagonization of two distinct
detrimental obstructive events (i.e., left colic artery and
vein ligation-colitis and inferior caval vein-infrarenal
ligation-full syndrome)®®>*"! appears. Likewise, positive
outcome matching also appears, providing a special ef-
fect: blood vessel recruitment to organize bypassing of
vessel occlusions and reestablishment of blood flow by
BPC 157 therapy®®*". Thus, we can make the argument
that, under analogous or more severe conditions (i.e.,
perforated cecum), a similar positive outcome will appear.
If this occurs, we can attenuate cecum perforation
syndrome; in BPC 157-treated rats, therapy may lead
to attenuation and reversal of the consequent tissue
damage. Specifically, a reversal of vessel disappearance
by vessels “running” toward the defect (vessels filled/
reappeared), transition of defect enlargement to defect
narrowing (note, fistula defects healing)®*>®, change
from prolonged bleeding to bleeding attenuation™*>*,
induced reduction of increased MDA values and nor-
malization of NO values in cecum tissue®®>?!, In sub-
sequent days and weeks, this may lead to a closed ce-
cum defect and attenuation of adhesion formation.

For further clarification and to demonstrate a direct
beneficial effect, medication (BPC 157, L-NAME, and
L-arginine, alone and/or together) was applied directly
to the injury®®**" once during surgery, as a bath to the
perforated cecum, the solution then spread throughout
the abdominal cavity. Consequently, the beneficial effects
are directly related to the reversal of perforated injury
outcome consequences, in both the early and later pe-
riods. These effects may be triggered shortly after injury
initiation, or reverse an already advanced injury course.

MATERIALS AND METHODS

Animals
Male Albino Wistar rats, 200 g b.w., were randomly
assigned (7 rats per group) and used for the experi-
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ments, which were approved by the local ethics com-
mittee. The perforation procedure was performed in rats
that had food and water ad libitum before the procedure
and until the end of the experiment.

Drugs

Pentadecapeptide Gly-Glu-Pro-Pro-Pro-Gly-Lys-Pro-Ala-
Asp-Asp-Ala-Gly-Leu-Val, M.W. 1419, named BPC 157,
a part of the sequence of human gastric juice protein
encoded by BPC, freely soluble in water at pH 7.0 and
in saline, was prepared (Diagen, Ljubljana, Slovenia) as
described previously!'®?!!, The peptide with 99% high-
pressure liquid chromatography (HPLC) purity, 1-des-Gly
peptide as a biologically inactive impurity, was used"®!],
L-NAME and L-arginine were commercially purchased
(Sigma, United States).

Perforated defect creation, medication, assessment

In deeply anaesthetized rats (thiopental (Rotexmedica,
Germany) 40 mg/kg ip, apaurin (Krka, Slovenia) 10 mg/
kg ip), the cecum was exposed, and a perforation (5-mm
diameter) was made at the ventral aspect of the basal
region of the cecum close to the largest curvature; the
rats were monitored for the next 15 min.

After 1 min, a bath (1 mL/rat) containing BPC 157
(0.01 mg/kg), NOS blocker L-NAME (5 mg/kg), or NOS
substrate L-arginine (100 mg/kg) was directly applied
to the perforated cecum, alone or combined, and sp-
read through the abdominal cavity, whereas controls
accordingly received a saline bath of equal volume.
Using a USB microscope camera (Veho discovery
VMS-004D-400x USB microscope; Veho®, United
Kingdom), from the point immediately before therapy,
we recorded and assessed the blood vessels (emptied/
disappeared; refilled/reappeared) (total % of cecum
vessel augmentation/reduction from proximal to distal
end = [number of blood vessels (10 vessels assessed)
/100] x %] in terms of augmentation/reduction of each
vasa recta (0 as the point immediately before therapy)
and defect closing or widening (as % of presentation
immediately before therapy) and at particular time
points: A-after perforation (1 min), B-during application
(2 min), C-period after application (2 min), D-next 5
min period and E-period until the end of observation (15
min). The bleeding time (s) throughout that period was
also assessed; at 15 min, oxidative stress was measured
by quantifying thiobarbituric acid (TBA) reactivity as
malondialdehyde (MDA) equivalents, and nitric oxide
determination in cecum tissue was also carried out.

At day 1 and day 7, rats were relaparotimiezed,
and we assessed the serosal/mucosal defect (longest
lesion diameter, mm) and adhesion severity scoring
(adhesions of the abdominal wall-1 point; adhesions of
the intestine-1 point; adhesions of the cecal area: ventral
side-1 point/dorsal side-1 point; adhesions involving
both the intestine and colon-3 points) (resulting in a total
maximum score of 7). Representative tissue sections
were processed for further histological analysis as de-
scribed previously!'®24,
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Oxidative stress in cecum tissue

At 15 min post-injury, oxidative stress in the tissue
samples (1 cm® around the defect) was assessed by
quantifying thiobarbituric acid (TBA) reactivity as malon-
dialdehyde (MDA) equivalents. Trichloroacetic acid (TCA)
was added to homogenize the tissue samples, which
were then centrifuged (3000 rpm, 5 min), and the super-
natant was collected. Thereafter, 1% TBA was added,
and the samples were boiled (95 C, 60 min). The tubes
were kept on ice for 10 min, and the absorbance was
determined at the wavelengths of 532 and 570 nm.
The concentration of MDA was read from a standard cali-
bration curve plotted using 1,1,3,3"-tetra-ethoxy propane
(TEP). The extent of lipid peroxidation was expressed as
MDA using a molar extinction coefficient for MDA of 1.56
x 10> mol/(L*cm). The results are expressed in nmol/mg
of protein®®*",

Nitric oxide determination in cecum tissue

At 15 min post-injury, we determined the nitric oxide (NO)
levels in cecum tissue samples using the Griess reaction
(Griess Reagent System, Promega, United States). Sul-
fanilamide was then incubated with the homogenized
tissue, and then, N-1-naphthylethylenediamine dihydro-
chloride was added. The Griess reaction is based on a
diazotization reaction in which acidified nitrite reacts with
diazonium ions and, in a further step, are coupled to
N-1-naphthylethylenediamine dihydrochloride, forming
a chromophoric azo derivate. The absorbance was mea-
sured at 540 nm using sodium nitrite solution as the
standard. NO levels are reported in umol/mg protein.
The protein concentrations were determined using a com-
mercial kit (BioRad Protein DR Assay Reagent Kit, United
States)>*?,

Statistical analysis

Statistical analysis was performed by parametric one-
way ANOVA with the post-hoc Newman-Keuls test and
non-parametric Kruskal-Wallis and subsequent Mann-
Whitney U-tests to compare the groups. The values are
represented as means + SD and minimum/median/ma-
ximum. The results with P < 0.05 were considered sig-
nificant.

RESULTS

After direct administration of the agents to the site of
injury one minute after cecum perforation, the results
obtained can clearly describe the ongoing events. Of
note, after the administration of the drug directly to the
lesion, the solution spread through the abdominal cavity;
however, its effect can still be directly correlated with the
injury course (aggravated, regular, reversed), particularly
in the earliest period, and then, the final outcome is seen
at one week after surgery and medication application.
The numerous negative changes [i.e., initial course:
vessel presentation (Figure 1), defect closing or widening
(Figure 2), bleeding time (Figure 3), NO-cecum level
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(Figure 4), MDA-cecum level (Figure 5); and final course
of the injury: cecum defect and adhesions at 1 or 7 days
(Table 1)] are significant in several respects.

Depending on the agent applied, the initial defensive
response confers blood vessel presentation (emptied/
disappeared; refilled/reappeared) and augmentation/
reduction (Figures 1, 6 and 7), defect closing or widening
(Figure 2) and bleeding prolongation or shortening
(Figures 3 and 7). MDA oxidative stress (Figure 5) and
NO levels (Figure 4) were determined in the cecum
tissue as well. They permit combining of initial response
to the final response (cecum defect and adhesions at 1
or 7 days (Table 1)].

Initial course, blood vessel presentation, bleeding, and
defect contraction

Controls: In rats that received a saline bath, the initial
course was progressive vessel disappearance and very
poor vessel branching, which occurred during application
(Figures 1 and 6). Thereafter, the defect only had a
small initial contraction (Figure 2) and then continuous
widening. Additionally, there was a significant bleeding
period (Figures 3 and 7).

BPC 157 therapy: Rats with a perforated cecum that
underwent a BPC 157 bath exhibited progressive vessel
presentation toward the injury (i.e., a network of small
vessels branching around the injury) (Figures 1 and 6).
The defect contracted during application (Figure 2) and
the bleeding period was significantly shortened thereafter
(Figure 3).

L-arginine therapy: After application of L-arginine,
rats with a perforated cecum exhibited less vessel disap-
pearance (Figure 1). We noted counteracted defect wide-
ning (Figure 2), and the bleeding period was significantly
prolonged (Figure 3).

L-NAME therapy: After application of L-NAME, rats
with a perforated cecum exhibited vessel disappearance
similar to controls (Figure 1). There was counteraction of
defect widening (Figure 2), and the bleeding period was
shortened (Figure 3).

Combination therapy of L-arginine and L-NAME:
After application of L-arginine and L-NAME, rats with a
perforated cecum exhibited a combined effect, with less
vessel disappearance (Figure 1), counteracted defect
widening (Figure 2) and a bleeding period in the range of
that for the control animals (Figure 3).

Combined therapy of L-arginine and/or L-NAME
with BPC 157: After application of BPC 157 with
L-arginine and/or L-NAME, rats with a perforated cecum
that underwent combined BPC 157 therapy (L-NAME +
BPC 157; L-arginine + BPC 157; L-NAME + L-arginine +
BPC 157) regularly exhibited progressive vessel presen-
tation (Figure 1) and a shortened bleeding time (Figure 3),
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Total % of cecum vessels augmentation/reduction from proximal to distal end, means + SD
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Figure 1 Blood vessels, filled/appearance or cleared out/disappearance (assessed with a USB microscope camera, Veho discovery VMS-004D-400x USB
microscope), as [total % of cecum vessels augmentation/reduction from proximal to distal end = [number of blood vessels (10 vessels assessed) /100] x
% of augmentation/reducing of each vasa recta (0 as point immediately before therapy) (A)]. A: after perforation (1 min); B: during application (2 min); C: the
period after application (2 min); D: the subsequent 5-min period; E: the period until the end of the observation (15 min). At 1 min post-injury, medication (/kg, 10 mL/2
min bath/rat) administered at the perforated (5 mm diameter) cecum lesion and cecum (M-mucosa; S-serosa), including BPC 157 (10 ug), NOS blocker L-NAME (5
mg), NOS substrate L-arginine (100 mg) alone or combined, and saline bath of equal volume (controls). Rats were then left after abdominal closure undisturbed until
sacrifice, at day 1 or day 7. *P < 0.05 vs control.
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Defect closing or widening as % of defect presentation immediately before therapy (A), means = SD
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Figure 2 Defect closing or widening [both as % of presentation immediately before therapy (A)]; bleeding time (s); A: after perforation (1 min); B: during
application (2 min); C: the period after application (2 min); D: the subsequent 5-min period; E: the period until the end of the observation (15 min). At 1 min
post-injury, administration of medication (/kg, 10 mL/2 min bath/rat) at the perforated (5 mm diameter) cecum lesion and cecum (M-mucosa; S-serosa), including BPC
157 (10 ug), NOS blocker L-NAME (5 mg), NOS substrate L-arginine (100 mg) alone or combined, and a saline bath equal volume (controls). Rats were then left after
abdominal closure undisturbed until sacrifice, at day 1 or day 7. P < 0.05 at least vs control.

Raishidenge ~ WJG | https:/ /www.wjgnet.com 5467 December 28, 2018 | Volume 24 | Issue 48 |



Drmic D et a/. Perforated cecum, BPC 157 and the NO system

900 -
800 |-
700
600
500
400
300
200

100

0

S B N A NA NB AB NAB

Figure 3 Bleeding time after perforation. At 1 min post-injury, administration
of medication (/kg, 10 mL/2 min bath/rat) at the perforated (5 mm diameter)
cecum lesion and cecum includes BPC 157 (10 ug) (B), NOS blocker L-NAME
(5 mg) (N), NOS substrate L-arginine (100 mg) (A) alone or combined, and a
saline bath of equal volume (controls) (S). Rats were then left after abdominal
closure undisturbed until sacrifice, at day 1 or day 7. °P < 0.05 at least vs
control (S).

NO (nmol/mg protein), means = SD

—r -
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Control Perforated cecum, 15 min

Figure 4 15 min post-injury, we determined nitric oxide in cecum tissue
samples using the Griess reaction. Administration of medication (/kg, 10
mL/2 min bath/rat) at the perforated (5 mm diameter) cecum lesion and
cecum was BPC 157 (10 pg) or a saline bath equal volume (controls).
Minimum °P < 0.05 vs control.

similar to the rats that received BPC 157 alone. All rats
exhibited counteraction of defect widening (Figure 2).

Final course, defect and adhesion presentation at one
day and one week of follow up

Controls: Regularly, after one day or one week, rats
that underwent cecum perforation presented with a
significant defect (Table 1, Figure 8) that remained open
and showed significant adhesions (Table 1).

BPC 157 therapy: Rats with a perforated cecum that
underwent a BPC 157 bath exhibited an attenuated
defect and finally, no gross defect (Table 1, Figure 8), and
markedly fewer adhesions were present.
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Figure 5 At 15 min post-injury, oxidative stress in tissue samples was
assessed by quantifying thiobarbituric acid reactivity as malondialdehyde
equivalents. Administration of medication (/kg, 10 mL/2 min bath/rat) at the
perforated (5 mm diameter) cecum lesion and cecum was BPC 157 (10 nug) or
a saline bath of equal volume (controls). Minimum P < 0.05 vs control. MDA:
Malondialdehyde equivalents.

L-arginine therapy: Rats with a perforated cecum that
underwent an L-arginine bath initially exhibited an open
defect larger than in the controls, and markedly more
adhesions were present (Table 1).

L-NAME therapy: Rats with a perforated cecum that
underwent an L-NAME bath exhibited an open defect
larger than that in the controls, and markedly more ad-
hesions were present (Table 1).

Combined therapy of L-arginine and L-NAME: Rats
with a perforated cecum that underwent this combined
therapy exhibited an open defect that was found to be
larger than that in the controls, and markedly more ad-
hesions were present (Table 1).

Combined therapy of L-arginine and/or L-NAME
with BPC 157: BPC 157 with L-arginine and/or L-NAME
(L-NAME+BPC 157; L-arginine+BPC 157; L-NAME+L-
arginine+BPC 157) led to defect attenuation and even-
tually no defect grossly present with fewer adhesions,
similar to the rats that received BPC 157 alone (Table 1).
NO level

In the early term, NO level assessment demonstrated
a reduction in the levels in rats that underwent cecum
perforation, but the NO values in rats with a perforated
cecum that underwent BPC 157 medication were similar
to those in healthy rats (Figure 4).

Lipid peroxidation

In the early stages, lipid peroxidation assessment
demonstrated a huge increase in rats that underwent
cecum perforation but no MDA oxidative stress in rats
with a perforate cecum that underwent BPC 157 medi-
cation (Figure 5).
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Table 1 Assessed cecum lesion (sum of longest diameters, mm, at mucosal site (M) and serosal site (S), means + SD) and adhesion

severity (score 0-7, Min/Med/Max)

Medication (/kg, 10 ml/2 min bath/rat) Assessed cecum lesion (sum of longest diameters, mm, means = SD) and adhesion severity (score
0-9, Min/Med/Max)
Day 1 Day 7
Perforated cecum lesion  Adhesion severity Perforated cecum lesion  Adhesion severity

0.9%NaCl (control) 5.0 + 0.5 (M) 3/3/3 5.0 + 0.5 (M) 3/4/4
50+05 (S) 6.0 05 (S)

BPC 157 (10 pg) 3.0 0.0 (M) 1/1/1° 0.0 +0.0 (M) 1/1/2"
3.0+0.0(S) 0.0 0.0 (S)*

L-NAME 5 mg 7.5+ 04 (M) 5/6/6" 8.0+ 0.4 (M) 6/6/6
75+05 (S) 88+05(S)

L-arginine 100 mg 7.0 0.0 (M)°* 4/5/5" 7.5+ 03 (M) 5/6/6"
7.0+ 0.0 (S) 8.0+ 04 (S)

L-NAME 5 mg + 7.3+ 0.5 (M) 5/6/6" 8.0 +0.3 (M) 5/6/6"

L-arginine 100 mg 73+05(S) 82+05(S)

L-NAME 5 mg + BPC 157 10 ug 3.0+ 0.0 (M) 1/1/1° 0.0 £ 0.0 (M) 1/1/2°
3.0+0.0(S) 0.0 +0.0 (S)°

L-arginine 100 mg + BPC 157 10 pg 3.0+ 0.0 (M) 1/1/1° 0.0 £ 0.0 (M) 1/1/2°
3.0+0.0(S) 0.0 +0.0 (S)°

L-NAME 5 mg + L-arginine 100 mg + BPC 157 10 pg 3.0 0.0 (M)" 0/1/1° 0.0 +0.0 (M) 1/1/2°
3.0+0.0(S) 0.0 +0.0 (S)*

At 1 min post-injury, administration of medication (/kg, 10 mL/2 min bath/rat) at the perforated (5 mm diameter) lesion and cecum, includes BPC 157 (10
ug), NOS-blocker L-NAME (5 mg), NOS-substrate L-arginine (100 mg) alone or combined, a saline bath of equal volume (controls), and rats were left after
abdominal closure undisturbed till the sacrifice, at day 1 or day 7. Minimum °P < 0.05 vs control.

Before

therapy therapy

Before
therapy

Figure 6 The perforated cecum. Perforate lesions, before therapy (c, b) (left). Perforate lesions with therapy [control, saline (C), BPC 157 (B)] (right). lllustrative
distinctive effect of medication administration (saline bath (right, upper, control (C) vs BPC 157 bath [right, low, BPC 157 (B)]. Regular failing effect of saline bath
application on vessels presentation [right, upper, control (C)] vs the immediate recruitment effect of BPC 157 bath administration on the blood vessels presentation
toward the perforated injury [right, low, BPC 157 (B)]. Note the initial recovery of blood vessels that appear alongside with the BPC 157 bath, a network raising toward
the perforated defect.

Microscopy 157-treated animals had much less edema, intensive
At the first day post-injury, controls exhibited intensive inflammation (mixed neutro and mono) and a fibrin cloth
edema, loss of glands in the vicinity of the perforation, attached to the defect (*holding’ the edges) (Figure 9).

scarce inflammation, and neutrophils. By contrast, BPC In control animals, after 7 d, the perforation showed
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Figure 7 At 10 min, in the perforated cecum, the illustrative effect of medication administration [saline bath (left, control (C)] and BPC 157 bath [right,
BPC 157 (B)]. In the damaged cecum, the regular effect of saline bath application on vessels presentation [left, control (C)] vs the immediate effect of BPC 157 bath
administration on the blood vessels presentation toward the perforated injury [right, BPC 157 (B))].

Figure 8 Gross presentation of the area of perforation [left, control (C); right, BPC 157 (B)] and perforated injury [left, control (C)]. Presentation at day 7.
Veho discovery VMS-004D-400x USB microscope. Control, 7 d, left, C. Gross lesion shown upon cecum opening before sacrifice. BPC 157, 7 d, mucosa presentation

without a grossly visible defect (right, BPC 157 (B)).

communication between the lumen and peritoneal cavity
that was partly closed by a loose clot with much debris
and many inflammatory cells (Figure 10). In treated
animals, the defect was sealed with well-formed granu-
lation tissue. The surrounding mucosa in controls was
edematous, and the epithelium showed practically no
regenerative activity. However, in treated animals, the
edema was much less pronounced, and the surface
epithelium began to migrate over the defect.

However, no lethal outcome was noted during the
experiment.

DISCUSSION

Major disturbances in an immediate post-injury period
also entails the possible injury reversal in studies of
ischemic colitis and inferior caval vein occlusion®®?,
Thus, to reverse the immediate post-perforation threat
in the cecum (and, therefore, the complete downhill
course) we focused on the immediate post-perforation
period. We also addressed the novel aspect of vascular
rescue through the application of cytoprotective agents,
known, as a class, to function in endothelium mainte-
nance in the gastrointestinal tract (and, thus, mucosal
maintenance)*®!. Instant application of the stable
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gastric pentadecapeptide BPC 157 was used as a proto-
type agent rapidly acting on endothelium integrity
maintenance!®*?, which is known to be of therapeutic
value in rats with ischemic colitis and inferior caval vein
ligation™*Y,

Of note, the whole initial syndrome (in particular, ins-
tantly emptied blood vessels at the cecum serosa and
thus the rapid “disappearance” of existing vessels and
failure of vessel function upon injury) and, consequently,
perforation defect enlargement and fluid leakage, profuse
bleeding, increased oxidative stress and disturbed NO
levels in cecum tissue were accordingly affected.

We suggest that this effect should be seen, based
on evidence of BPC 157 rapidly activating the collateral
circulation from existing vessels in rats with ischemic
colitis®” or inferior caval vein occlusion®. Thus, the
essential findings (i.e., cecum perforation syndrome oc-
curring in BPC 157-treated rats shows attenuation and
reversal of the consequent tissue damages) indicate the
rapidly activated bypassing loops (i.e., through arcade
vessels or the left ovarian vein and other veins)?**!,
corresponding to the prompt reperfusion seen after perfo-
ration. Reperfusion may be observed by vessels “running”
toward the defect (vessels filled/reappeared), and a
small-vessel network appearing around the perforated
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Figure 9 At the first day post-injury, controls (c, C) exhibited intensive edema, loss of glands in the vicinity of the perforation, not possible to obtain a
complete defect (due to edema, the tissue is disintegrating), scarce inflammation, and neutrophils [c, HE x 4; C, HE x 10 (control)]. In rats treated with BPC
157 (b, B), we noted much less edema and intensive inflammation (mixed-neutro and mono). Fibrin cloth attached to defect (“holding” the edges) (b, HEx4; B, HEx10

(BPC 157)).

defect with BPC 157 bath administration. Each considered
a break of blood flow, this suggests that the therapy
resolving the defect (i.e., cecum defect enlargement
reversed to defect contraction in BPC 157-treated rats)
may be a result of the reestablishment of blood flow.
The bleeding time from the perforated cecum is thereby
shortened, as demonstrated in rats with amputation,
anticoagulant application, or vein obstruction®"**,
Furthermore, defect closing corresponds to the closing
of various fistula defects, which were surgically made by
particular defect creations in corresponding organs®*>®,

In addition, the free radical scavenger effect and
normalization of NO tissue values noted in rats with
ischemic colitis or inferior vein obstruction in colon and
venous tissues in both ischemia and reperfusion*
correspond to the reduction in increased MDA values
and normalization of NO values in cecum tissue in
perforation studies. Heavy loss of endothelium cells
from the vascular wall and, therefore, less eNOS NO pro-
duction ability™* would explain increased MDA values
and decreased NO levels, which were regularly found
in the cecum. Additionally, various free radical-induced
lesions in other organs were counteracted by BPC 157
administration!?>"*>8],

The importance of these beneficial effects was
verified by the final complete closing of the defect,
both grossly and microscopically, with the surface epi-
thelium beginning to migrate over the defect and a
lower adhesion severity score. It may also be that BPC
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157 exhibits an additional beneficial effect because it
counteracts peritonitis and adhesion formation along
with beneficial effects in diverse intestinal lesion mo-
dels[34—36,39,40] .

Thus, it may be generally observed, that BPC 157
promptly facilitates and extends the cytoprotection
background (endothelium maintenance — epithelium
maintenance = blood vessel recruitment and activation
toward injury, providing also described “bypassing” of
occlusion through alternative ways)*>*"’; thus, all chains
of events were accordingly and promptly involved to
rapidly initiate and achieve a full healing effect.

This specific level of healing (initial and final) can be
not obtained from the effect of NOS-blockade (L-NAME)
or NOS-substrate (L-arginine), two pharmacologically
distinct mechanisms with opposite effects on the same
signaling NO-pathway™. Initially, L-arginine reduced
vessel disappearance and counteracted defect widening,
and prolonged the bleeding period. With L-NAME, vessel
disappearance was similar to that in the controls; how-
ever, there was counteraction of defect widening, and
the bleeding period was shortened. These would both
be inadequate, though NO-specific, responses [given
together, L-NAME+L-arginine regularly reversed each
other’s initial responses, being not different from the
controls, with a bleeding period similar to the controls
(L-NAME+L-arginine)]. Namely, they both eventually
aggravated perforated lesions in the cecum, a non-
NO-specific effect (given together, they did not reverse
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Figure 10 In control animals (c, C), the perforation after 7 d shows a communication between the lumen and peritoneal cavity, partly closed by a loose
cloth with many debris and inflammatory cells [c, HE x 4; C, HE x 10 (control)]. In rats treated with BPC 157 (b, B), the defect was sealed with well-formed
granulation tissue. The surrounding mucosa in controls was edematous, and the epithelium shows practically no regenerative activity, while in treated animals, the
edema was much less pronounced and the surface epithelium started to migrate over the defect [b, HE x 4; B, HE x 10 (BPC 157)].

each other’s final responses: L-NAME+L-arginine rats
still had an open defect larger than that in the controls
with adhesions of higher score). By contrast, as a proof
of concept regarding the beneficial effects of BPC 157,
rats in experiments with perforated cecum and colitis
syndromes”®” showed the counteraction of the worsening
of the course of injury after L-NAME and L-arginine
application as individual agents (L-NAME rats; L-arginine
rats — L-NAME+BPC 157 rats, L-arginine+BPC 157 rats
= BPC 157 rats) . When given together, the counteraction
of the remaining extensive pathology was observed
regardless of whether L-NAME and L-arginine reversed
each other’s worsening responses (L-NAME + L-arginine
rats — L-NAME + L-arginine + BPC 157 rats = BPC 157
rats)®.

In conclusion, the remaining extensive pathology
in the L-NAME+L-arginine animals (both in early and
final terms) means that other systems (i.e., the BPC
157 system) may function along with the NO system
(previously supposed to be immobilized by the mutual
actions of combined L-NAME and L-arginine)"?. In the
case of the effectiveness of BPC 157, the normalized
MDA values and NO levels (always with progressive
vessel presentation, a shortened bleeding time, closure
of the defect, surface epithelium migration over the
defect and fewer adhesions) indicated effectiveness over
the background of the NO-system, whether immobilized

Raishidenge ~ WJG | https:/ /www.wjgnet.com

(L-NAME + L-arginine), overstimulated (L-arginine) or
blocked (L-NAME)"?.. Thus, BPC 157 could consolidate
the NO system’s stimulating and inhibiting effects toward
more effective healing (i.e., revascularization (vessel
“running” toward the defect and small vessel network
around the perforated defect) appearing with BPC 157
bath administration)™™®. Furthermore, this additional rapid
cytoprotective vascular recovery and presentation leads
to a consequent strong angiogenic effect in subsequent
days!'>182274950 “more profound than the angiogenesis
of standard anti-ulcer agents™ because of its interaction
with several molecular pathways™ .. Illustratively, in
other studies, BPC 157 induced an acceleration of blood
flow recovery and vessel number within days in rats with
hind limb ischemia®.

Additionally, in practice, this means distinct endpoints
should be overwhelmed to achieve the presentation seen
in rats that underwent BPC 157 application. Finally, in
addition to counteracting the parallel (worsening) effect
of L-NAME/L-arginine on ischemic colitis and cecum
perforation syndromes®"!, BPC 157 counteracts the
common parallel L-NAME/L-arginine activity points in
other assays (i.e., magnesium intoxication and miosis/
mydriasis)®®*”.. Notably, BPC 157 instantly prevents and
reverses L-NAME-induced hypertension and L-NAME-
induced thrombocytopenia as well as L-arginine-induced
hypotension and L-arginine-induced prolonged bleeding
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and thrombocytopenia™?.

Therefore, BPC 157, with certain vascular effects!?**!!
and NO-effect!™® can be used in perforated cecum and
bleeding therapy.

ARTICLE HIGHLIGHTS

Research background

To illustrate the background, present status, and significance of the study
we should emphasize that in cecum perforation studies the immediate
post-perforation threat is rarely studied. On the other hand, we recently
claimed that treatment with the prototype cytoprotective agent, stable gastric
pentadecapeptide BPC 157, induces bypassing of occlusions in rats that
underwent vessel occlusions through the rapid presentation of collaterals,
and exert its free radical scavenger effect in both ischemia and reperfusion.
As a consequence, in this study, we focused on the resolving of the cecum
perforation lesion, particularly the rapid disappearance of blood vessels in the
cecum serosa that are instantly emptied and thereby “disappear”, perforation
defect enlargement, bleeding and fluid leakage, increased oxidative stress and
disturbed NO levels in cecum tissue.

Research motivation

The main topics, the key problems to be solved, and the significance of solving
these problems for further research are related to reverse the immediate post-
perforation threat in the cecum (and, therefore, the complete downhill course).
We focused on perforated cecum, the stable gastric pentadecapeptide BPC
157, the NOS-blocker L-NAME, and the NOS-substrate L-arginine, as well as
on the initial post-perforation period, rapid disappearance of blood vessels at
the cecum serosa (emptied/disappeared), a large immediate defect, bleeding,
leakage of fluid, increased oxidative stress and disturbed NO levels in
cecum tissue. The rationale was that BPC 157 rapidly activated the collateral
circulation from the existing vessels in rats with ischemic colitis or inferior
caval vein occlusion. This was further perceived as an extended cytoprotection
background (endothelium maintenance — epithelium maintenance = blood
vessel recruitment and activation toward injury), also described as “bypassing”
occlusion via alternative ways, as demonstrated with BPC 157, which, in
principle, can likely cure rats with perforated cecum and thereafter.

Research objectives

The main objectives, the objectives that were realized, and the significance
of these objectives for future research could be summarized as follows. In
practice, as described previously, our approach to cure perforated cecum
begins with the original understanding of stomach cytoprotection (a very rapid
protection of the stomach endothelium and epithelium against diverse direct
injuries; endothelium maintenance — epithelium maintenance), as “bypassing”
occlusion via alternative ways, as demonstrated with BPC 157. Furthermore,
we used these findings as the general argument that under analogous or
even worse conditions (i.e., perforated cecum) a similar positive outcome can
appear. Consequently, BPC 157 can attenuate cecum perforation syndrome;
in BPC 157-treated rats, therapy may lead to attenuation and reversal of the
consequent tissue damage. Especially, reversal of vessel disappearance
to vessel “running” toward the defect (vessel filled/reappeared), reversal of
defect enlargement to defect narrowing, reversal of prolonged bleeding to
bleeding attenuation can induce reduction in the increased MDA values and
normalization of NO values in cecum tissue. In subsequent days and weeks,
this may lead to a closed cecum defect and attenuation of adhesion formation.

Research methods

As an advantageous principle, methodology includes direct monitoring of
the events occurring in rats during perforation of the cecum and immediately
thereafter with the application of the stable gastric pentadecapeptide BPC 157,
as a cytoprotective agent, and NO-agents, L-NAME and L-arginine. In deeply
anaesthetized rats the cecum was exposed, and a perforation (5-mm diameter)
was made at the ventral face of the basal region of the cecum close to the
largest curvature; the rats were monitored for the next 15 min. The agents’
application (after 1 minute, medication (/kg, 10 mL/2min bath/rat) includes:
BPC 157 (10 ng), L-NAME (5 mg), L-arginine (100 mg) alone or combined,
and saline baths (controls)) on the rat perforate caecum injury. Alongside with
the agents’ application, we continuously assessed the gross reappearance of
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the vessels (USB microcamera) quickly propagating toward the defect at the
caecum surface, defect contraction, bleeding attenuation, MDA- and NO-levels
in colon tissue at 15 min, and, in repalaratomized rats severity of colon lesions
and adhesions at 1 and 7 days.

Research results

The study of the counteraction of perforated cecum lesions in rats and the
effects of pentadecapeptide BPC 157, L-NAME and L-arginine merits several
emphasizes to summarize the research findings, their contribution to the
research in the field, and the problems that remain to be solved. First, as an
issue so far not fully addressed, to reverse the immediate post-perforation
threat in the cecum (and, therefore, the complete downhill course) we focused
on this immediate post-perforation period. We also addressed the novel aspect
of vascular rescue through the application of cytoprotective agents, known, as a
class, to function in endothelium maintenance in the gastrointestinal tract (and,
thus, mucosal maintenance). Of note, with applied BPC 157 therapy, the whole
initial syndrome (in particular, instantly emptied blood vessels at the cecum
serosa (thus rapid “disappearance” of the existing vessels and vessel function
failure upon injury)) and, consequently, perforation defect enlargement and fluid
leakage, profuse bleeding, increased oxidative stress and disturbed NO levels
in cecum tissue were accordingly affected. This specific level of healing (initial
and final) can be not obtained from the effect of NOS-blockade (L-NAME) or
NOS-substrate (L-arginine).

Research conclusions

As the new findings, we suggest that this recovering of the perforated cecum
should be an activity much like an activity seen when BPC 157 rapidly activated
the collateral circulation from existing vessels in rats with ischemic colitis or
inferior caval vein occlusion. Thus, the essential findings (i.e., cecum perforation
syndrome occurs in BPC 157-treated rats with attenuation and reversal of the
consequent tissue damages) indicate the rapidly activated bypassing loops (i.e.,
through arcade vessels or the left ovarian vein and other veins, corresponding
to the prompt particular vascular rescue seen after perforation). Vascular
rescue may be vessels “running” toward the defect (vessel filled/reappeared),
and a small-vessel network appears around the perforated defect with BPC
157 bath administration. Each considered a break of blood flow, suggests that
the therapy resolving the defect (i.e., cecum defect enlargement reversed to
defect contraction in BPC 157-treated rats) may be reestablishing blood flow.
That explanation represents the newest theoretical extension of cytoprotection
theory background (endothelium maintenance — epithelium maintenance =
blood vessel recruitment and activation toward injury, providing also described
“bypassing” of occlusion through alternative ways). Since all chains of events
could be accordingly and promptly involved to rapidly initiate and achieve a
full healing effect. The bleeding time from the perforated cecum is thereby
shortened, as previously demonstrated in rats with amputation, anticoagulant
application, or vein obstruction. Furthermore, defect closing corresponds to the
previously demonstrated closing of various fistula defects, which were surgically
made by particular defect creations in corresponding organs. The implications
of this study for clinical practice in the future can be that BPC 157, with certain
vascular effects and NO-effect, can be used in the perforated cecum and
bleeding therapy.

Research perspectives

The main experiences and lessons that can be learnt from this study may be
the evidence that BPC 157 promptly facilitates and extends the cytoprotection
background (endothelium maintenance — epithelium maintenance = blood
vessel recruitment and activation toward injury, providing also described
“bypassing” of occlusion through alternative ways). Thus, the evidence was
obtained that all chains of events were accordingly and promptly involved to
rapidly initiate and achieve a full healing effect, and with the respect to the
corresponding positive effects in two other studies (ischemic/reperfusion colitis;
inferior caval vein occlusion), the beneficial effect in rats with perforated cecum
may be generally observed. Thereby, the future research should be related
to the similar and/or even worse condition, to verify full significance of the
presented beneficial findings seen in rats after cecum perforation and BPC 157
therapy application.
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Abstract

AIM

To validate the effects of receptor interacting protein
kinase-3 (RIP3) deletion in non-alcoholic fatty liver
disease (NAFLD) and to clarify the mechanism of
action.

METHODS
Wild-type (WT) and RIP3 knockout (KO) mice were
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fed normal chow and high fat (HF) diets for 12 wk.
The body weight was assessed once weekly. After
12 wk, the liver and serum samples were extracted.
The liver tissue expression levels of RIP3, microsomal
triglyceride transfer protein, protein disulfide isomerase,
apolipoprotein-B, X-box binding protein-1, sterol
regulatory element-binding protein-1c, fatty acid
synthase, cluster of differentiation-36, diglyceride
acyltransferase, peroxisome proliferator-activated
receptor alpha, tumor necrosis factor-alpha (TNF-a.), and
interleukin-6 were assessed. Oleic acid treated primary
hepatocytes from WT and RIP3KO mice were stained
with Nile red. The expression of inflammatory cytokines,
including chemokine (C-X-C motif) ligand (CXCL) 1,
CXCL2, and TNF-q,, in monocytes was evaluated.

RESULTS

RIP3KO HF diet fed mice showed a significant gain in
body weight, and liver weight, liver to body weight ratio,
and liver triglycerides were increased in HF diet fed
RIP3KO mice compared to HF diet fed WT mice. RIP3KO
primary hepatocytes also had increased intracellular
fat droplets compared to WT primary hepatocytes
after oleic acid treatment. RIP3 overexpression
decreased hepatic fat content. Quantitative real-time
polymerase chain reaction analysis showed that the
expression of very-low-density lipoproteins secretion
markers (microsomal triglyceride transfer protein,
protein disulfide isomerase, and apolipoprotein-B) was
significantly suppressed in RIP3KO mice. The overall
NAFLD Activity Score was the same between WT and
RIP3KO mice; however, RIP3KO mice had increased fatty
change and decreased lobular inflammation compared
to WT mice. Inflammatory signals (CXCL1/2, TNF-a, and
interleukin-6) increased after lipopolysaccharide and pan-
caspase inhibitor (necroptotic condition) treatment in
monocytes. Neutrophil chemokines (CXCL1, and CXCL2)
were decreased, and TNF-a was increased after RIP3
inhibitor treatment in monocytes.

CONCLUSION

RIP3 deletion exacerbates steatosis, and partially
inhibits inflammation in the HF diet induced NAFLD
model.

Key words: Necroptosis; Receptor interacting protein
kinase-3; Mixed lineage kinase domain-like protein;
Non-alcoholic fatty liver disease; Steatosis

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Receptor interacting protein kinase-3 (RIP3)
deletion was associated with increased fatty change,
hepatic tissue triglycerides, body weight, and serum
aspartate aminotransferase and alanine aminotransferase
levels. Very-low-density lipoproteins secretion markers,
including apolipoprotein-B, microsomal triglyceride
transfer protein, and protein disulfide isomerase, were
suppressed with RIP3 deletion. High fat diet fed RIP3KO
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mice had reduced expressions of tumor necrosis factor
alpha and neutrophil chemokines [Chemokine (C-X-C
motif) ligands: CXCL1, and CXCL2] compared to high
fat diet fed wild-type mice. In vitro analysis suggests
that necroptotic stimulation [lipopolysaccharide +
N-Benzyloxycarbonyl-Val-Ala-Asp(O-Me) fluoromethyl
ketone] increased CXCL1/2 expression in monocytes.
Treatment with RIP3 inhibitor (GSK'843) decreased the
expression of CXCL1/2 as well as interleukin-6.

Saeed WK, Jun DW, Jang K, Ahn SB, Oh JH, Chae YJ, Lee
JS, Kang HT. Mismatched effects of receptor interacting
protein kinase-3 on hepatic steatosis and inflammation
in non-alcoholic fatty liver disease. World J Gastroenterol
2018; 24(48): 5477-5490

URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5477 htm
DOTI: https://dx.doi.org/10.3748/wjg.v24.i148.5477

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) comprises
one of the major liver disease burden in the developed
world. In the United States, the prevalence of NAFLD
is up to 25%"’. NAFLD, the hepatic component of
metabolic syndrome, is a multifactorial wide spectrum
disease ranging from simple steatosis to steatohepatitis
and further progressing to fibrosis and hepatocellular
carcinoma. In NAFLD, increased lipid accumulation
in hepatocytes leads to steatosis, inflammation, and
fibrosis. NAFLD could also be hinting towards decreasing
heart function®. In younger patients, NAFLD is also
associated with decreased sleep, decreased quality and
frequency of food intake, and a sedentary life-style!®..
The lifestyle modifications directed towards reduced
steatosis in NAFLD would not only improve NAFLD but
also cardiac function®. Although the prevalence of
NAFLD is increasing, there are still numerous diagnostic
and treatment issues associated with NAFLD. For
instance, liver biopsy remains the gold standard method
for NAFLD diagnosis, but currently no diagnostic method
can correctly distinguish between simple steatosis
and steatohepatitis. Moreover, there is still a lack of a
satisfactory treatment strategy for NAFLD™.,

In NAFLD, the *first hit" comprises of accumulation of
fatty acids in hepatocytes facilitated by increased fatty
acid synthesis and increased insulin resistance. Later, the
multiple ‘parallel hits" mainly comprising of endoplasmic
reticulum stress, mitochondrial dysfunction, oxidative
stress, and inflammatory cytokines further facilitate
hepatocyte dysfunction and death™. Cell death is the
fundamental step leading to steatohepatitis from benign
steatosis. The increased steatosis and inflammation
can trigger hepatocyte death by either apoptosis or
necrosis'®®. Recently, the significance of inhibiting
alternate cell death pathways including necroptosis has

been extensively reported™.
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Necroptosis, which is a receptor interacting protein
kinase 1 and 3 (RIP1/RIP3) and mixed lineage kinase
domain like pseudokinase (MLKL) dependent, apoptosis
alternative, and necrosis like cell death pathway, has
been evaluated in various hepatic pathologies™®*”\. The
increased expression of RIP3 and MLKL observed in
human NASH, type II diabetes, and obese patients™ ™
highlights the significance of necroptosis in human
metabolic disease conditions. Moreover, human
metabolic disease serum markers, including HbA1lc
and insulin, are also correlated with RIP3 and p-MLKL
expression?,

Previously, several studies reported varying results
on necroptosis inhibition in animal NAFLD models™! ">,
To evaluate the role of necroptosis inhibition, the
studies utilized methionine choline deficient (MCD)
diet, high fat (HF) diet, and choline-deficient HF diet
(CD-HFD) induced-NAFLD models™"**'®, In the HF
diet-induced NAFLD model, RIP3 inhibition led to
increased steatosis and glucose intolerance™*'®. The
global RIP3 deletion led to increased body weight and
hepatic steatosis in the HF diet-induced NAFLD model,
while in the MCD diet-induced NAFLD model, RIP3
deletion showed protective effects on both hepatic
steatosis and inflammation™"*?. Interestingly, HF diet
fed RIP3KO mice also had increased hepatic apoptosis,
inflammation, and fibrosis*®!, Moreover, adipose tissue
apoptosis and inflammation were also increased in
RIP3KO mice compared to WT mice™*®, An additional
in vivo signaling pathway was suspected which led
to increased steatosis!™*'®!, adipocyte apoptosis,
and inflammation™®’. On contrary, in the MCD diet-
induced NAFLD model, RIP3KO mice had decreased
inflammation, steatosis, and fibrosis compared to WT
mice™*?, Although the previous studies evaluated the
effect of RIP3 deletion in the HF diet-induced NAFLD
model, the detailed mechanism of increased steatosis
associated with RIP3 deletion was not clear.

Therefore, by using HF diet-induced NAFLD in
RIP3KO mice, we aimed to validate and evaluate
the precise underlying mechanism of steatosis and
inflammation in hepatocytes and inflammatory cells.

MATERIALS AND METHODS

Animal experiments

C57BL/6 wild-type (WT) (8-9 wk old) and RIP3-KO
mice (8-9 wk old) were randomly divided into following
groups (n = 8); WT- normal chow (NC), WT-HF,
RIP3KO-NC, and RIP3KO-HF. To evaluate the effects of
RIP3 inhibition on HF diet-induced NAFLD development,
NC and HF (60% kcal) diets were fed for 12 wk to the
assigned groups. Four animals were kept per cage and
animals were maintained in a temperature-controlled
room (22 'C) on a 12:12 h light-dark cycle. The body
weight was recorded once weekly. After 12 wk, the
animals were sacrificed. The liver weight and liver to
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body weight ratio were measured. All the experimental
procedures were approved by the Hanyang University
Institutional Animal Care and Use Committee of (HY-
TIACUC-16-0075). RIP3-KO animals were generously
provided by Newton et a*®’ Genentech (San Francisco,
CA, United States).

Histological assessment of liver biopsy samples

For histological assessment, paraformaldehyde fixed,
paraffin embedded liver tissue samples were sectioned
(4 um) and stained with hematoxylin & eosin. The
stained liver biopsy samples were analyzed by a single
pathologist. The NASH clinical research network scoring
system was used to histologically grade the NAFLD
in mice liver®. Briefly, steatosis degree, hepatocyte
ballooning, and lobular inflammation were graded semi-
quantitatively. The NAFLD Activity Score (NAS) was
assessed by a combination of each score. Based on the
NAS score, the commutative score of (0-2), control;
(3-4), NAFLD; and (> 5), NASH was assigned.

Triglyceride quantification

To quantify liver triglycerides (TG) content, a TG
quantification kit (Abcam, Cambridge, MA, United
States) was used. Briefly, snap-frozen livers tissues (50—
100 mg) were homogenized in 5% NP-40, and then
slowly heated to 80 ‘C for 5 min and cooled down. The
process was repeated twice. The samples were then
centrifuged for 5 min, and supernatants were diluted
20-fold with distilled water and analyzed calorimetrically
according to manufacturer's instructions.

HepG2 cells culture and maintenance

HepG2 cells were seeded on 6-well plate using
Dulbecco’s modified Eagle’s medium (DMEM; Gibco,
Grand Island, NY, United States) containing 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin
(P/S). After 24 h, the media was removed, and the cells
were washed with Dulbecco’s phosphate-buffered saline
(DPBS) followed by treatment with oleic acid (OA; 400
umol/L; Sigma-Aldrich, St Louis, MO, United States),
palmitic acid (PA; 400 umol/L; Sigma-Aldrich), and GSK’
843 (5 umol/L; AOBIOUS INC, Gloucester, MA, United
States). After 24 h, the RNA was isolated using the
RNeasy mini kit (Qiagen, Hilden, Germany) according to
manufacturer’s instructions.

Primary hepatocytes isolation and culture

Primary hepatocytes from WT and RIP3-KO mice were
isolated by a two-step collagenase perfusion method as
described previously™®!. Briefly, mice were anesthetized
using Zoletil and Rompun 1:1. The liver was perfused
using calcium and magnesium-free Hanks’ Balanced Salt
Solution (HBSS; Welgene, Gyeongsan, South Korea)
supplemented with 25 mmol/L, 4-(2-hydroxyethyl)-
1-piperazine ethanesulfonic acid (HEPES; Amresco,
Solon, OH, United States) and 0.5 mmol/L, ethylene-
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glycol-bis-(p-aminoethylene)-N,N,N’,N’-tetraacetic acid
(EGTA; Sigma-Aldrich), followed by perfusion with low
glucose DMEM supplemented with 15 mmol/L HEPES
and Collagenase Type IV (100 U/mL; Worthington
Biochemical Corporation, Lakewood, NJ], United States)
(pH 7.4, 37 C). After perfusion, the liver was carefully
removed and gently minced in 20 mL ice-cold William’
s E medium (Gibco) supplemented with 10% heat-
inactivated FBS, 10 mL/L insulin-transferrin-selenium
(ITS; Gibco), and 10 mL/L P/S. The homogenized liver
suspension was filtered using a 70 um cell strainer. The
cell suspension was centrifuged at 50 x g for 5 min.
The pellet was re-suspended in 10 mL William’s Medium
supplemented with 10% FBS, ITS (10 mL/L), P/S (10
mL/L), and 10 mL buffered Percoll (Sigma-Aldrich). The
resultant cell suspension was centrifuged at 50 x g for 5
min, and the pellet re-suspended in William’s E medium
supplemented with 10% FBS, ITS (10 mL/L), and 1
umol/L dexamethasone and P/S (10 mL/L). The cell
viability was determined using the Trypan Blue exclusion
method and was generally > 85%. After isolation,
primary hepatocytes were plated on rat-tail collagen I
(Corning Inc., Corning, NY, United States) coated culture
dishes (Thermo Fisher Scientific Inc., Waltham, MA,
United States) at 3 x 10° cells/mL. The hepatocytes
were maintained at 37 'C in a humidified atmosphere
of 5% CO: for 4 h. After 4 h, the media were removed,
and cells were treated with OA (400 pmol/L) in serum-
free William’s E medium containing ITS (10 mL/L), 1
umol/L dexamethasone, and P/S (10 mL/L). The control
group was treated with equal volumes of dimethyl
sulfoxide (DMSO). After 24 h, the hepatocytes were
processed as per experimental protocols.

Macrophage cell culture and maintenance

The macrophage U937 cell line was used. The cells were
seeded on 6-well plates using DMEM supplemented
with 10% FBS and 1% P/S. After 24 h, the media
were removed, and the cells were washed with DPBS
followed by incubation with tumor necrosis factor alpha
(TNF-a) (10 ng/mL; R&D Systems, Minneapolis, MN,
United States), N-benzyloxycarbonyl-Val-Ala-Asp(O-Me)
fluoromethyl ketone (zVAD) (30 pmol/L, R&D Systems),
lipopolysaccharide (LPS) (25 ng/mL; Sigma-Aldrich),
and GSK’843 (5 umol/L). After 24 h, the RNA was
isolated using the RNeasy mini kit (Qiagen) according to
manufactures instructions.

Serum biochemical analysis

The whole blood samples collected in Becton Dickinson
serum separation tubes (Franklin Lakes, NJ, United
States) were centrifuged at 3000 rpm at 4 C for 10
min. The serum samples were collected and stored at
-80 ‘C until analysis. Serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and TG
were measured with an automatic chemical analyzer
(Hitachi-747; Hitachi, Tokyo, Japan).
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Nile red staining

For lipid droplet staining, primary hepatocytes and
HepG2 cells were seeded on a coverslip and maintained
for 4 and 24 h, respectively. After adherence, the media
were removed and cells were co-treated with OA (400
umol/L) and GSK’'843 (5 umol/L). The control groups
were treated with equal volumes of DMSO. After 24 h,
the media were removed, and the cells were washed
twice with DPBS, fixed with 4% paraformaldehyde in
PBS for 30 min at room temperature, rinsed twice with
DPBS, and incubated with fluorescence dye Nile red
(0.5 mg/mL in acetone). The confocal imaging was
performed using a Leica TCS SP5 confocal microscope
(Leica Microsystems, Wetzlar, Germany).

RIP3 non-viral vector construction

The human RIP3 (NM_006871) coding regions were
amplified by polymerase chain reaction (PCR) using
TrueORF cDNA Clones (Origene, Rockville, MD, United
States) for genes. The fragments were cloned into the
pECFP (enhanced green fluorescent protein)-C1 vector
(Clontech, Palo Alto, CA, United States). Later, RIP3 PCR
products were subcloned into the pGEM-T easy vector
(Promega, Madison, WI, United States) and then cloned
into the EcoRI - BamHI sites of the pECFP-C1 vector.

RIP3 overexpression in primary hepatocytes

The primary hepatocytes were isolated and maintained
as previously described. RIP3 was overexpressed in
primary hepatocytes using JetPEI DNA transfection
reagent (Polyplus-transfection SA, Illkirch, France)
according to the manufacturer’s instructions. Briefly,
1 x 10°/mL primary hepatocytes were seeded on
collagen-coated cover slides in 24-well plates. After 4
h, the media were replaced with fresh culture media
supplemented with 10% FBS. RIP3 DNA (3 ug/well)
was diluted in 100 uL NaCl (150 mmol/L) and was
gently vortexed and spun down. Six microliters per
well JetPEI reagent was diluted in 100 uL NaCl (150
mmol/L) and was gently vortexed and spun down. The
diluted reagent was mixed and vortexed with diluted
DNA and incubated for 30 min at room temperature.
After 30 min, 50 pL JetPEI/DNA mix was added to each
well of a 24-well plate. After 12 h, the transfection was
confirmed by visualizing green fluorescence of EGFP-C1
using a Leica DMI 14000B inverted microscope (Leica
Microsystems).

RNA isolation and quantitative real-time PCR

Total liver RNA was isolated from liver tissue using
the TRIzol Reagent (Invitrogen, Carlsbad, CA, United
States) according to the manufacturer’s instructions.
The isolated RNA samples were converted to cDNA
using reverse transcriptase (SuperScript III; Invitrogen)
and oligo (dT) primers. All PCR reactions were
performed on the LightCycler 480 system (Roche
Diagnostics, Mannheim, Germany) using LightCycler480
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Figure 1 Receptor interacting protein kinase-3 deletion exacerbates HF diet induced steatosis. A: Following 12-wk HF diet, the liver tissue hematoxylin & eosin
staining showed increased steatosis in RIP3KO-HF group compared to WT-HF group. B-F: Liver TG contents were significantly increased in the RIP3KO-HF group
compared to the WT-HF group. RIP3KO-HF group had increased steatosis and decreased lobular inflammation. G-L: HF diet fed RIP3KO mice had increased liver
weight and liver/body weight ratio compared to HF diet fed WT mice. The RIP3KO-HF group had increased serum AST and ALT but decreased serum TG compared
to the WT-HF group. °P < 0.05 by Mann-Whitney U test, compared to NC diet fed WT group; °P < 0.05 by Mann-Whitney U test, compared to NC diet fed RIP3-
KO group; °P < 0.05 by Mann-Whitney U test, compared to HF diet fed WT group. HF: High fat; NC: Normal chow; WT: Wild-type; KO: Knockout; RIP3: Receptor
interacting protein kinase-3; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TG: Triglycerides.
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Figure 2 Effect of receptor interacting protein kinase-3 deletion on fat synthesis. A-J: Quantitative real-time PCR analysis showed an increased expression
of RIP3 the WT-HF group after HF diet feeding. Interestingly, very-low-density lipoprotein secretion markers including apolipoprotein-B, microsomal triglyceride
transfer protein, protein disulfide isomerase, and X-box binding protein-1 were decreased in the RIP3KO-HF group compared to the WT-HF group. The differences in
SREBP1c, FAS, CD36, DGAT, and PPAR-a were not definite. °P < 0.05 by Mann-Whitney U test, compared to NC diet fed WT group; °P < 0.05 by Mann-Whitney U
test, compared to NC diet fed RIP3-KO group; °P < 0.05 by Mann-Whitney U test, compared to HF diet fed WT group. HF: High fat; KO: Knockout; NC: Normal chow;
WT: Wild-type; RIP3: Receptor interacting protein kinase-3; VLDL: Very-low-density lipoproteins; ApoB: Apolipoprotein-B; MTTP: Microsomal triglyceride transfer
protein; PDI: Protein disulfide isomerase; XBP1: X-box binding protein-1; SREBP1c: Sterol regulatory element-binding protein-1c; FAS: Fatty acid synthase; CD36:

Cluster of differentiation-36; DGAT: Diglyceride acyltransferase; PPAR-c.: Peroxisome proliferator-activated receptor alpha.

SYBRGreen I Mastermix (Roche Diagnostics) in standard
10 uL reaction volumes as follows: 4 uL (100 ng) cDNA,
0.5 uL of 10 pmol/L sense primer, 0.5 uL of 10 pmol/L
antisense primer, and 5 L LightCycler 480 SYBRGreen
I Mastermix (Roche Diagnostics). To guarantee the
reliability of the obtained results, all samples were
processed in triplicate and performed using a negative
control. The values obtained were normalized to the
control and expressed as fold changes.

Statistical analysis

The values are expressed as mean * standard
deviation. Statistical analysis was performed using SPSS
for Windows version 21.0 (IBM Corp., Armonk, NY,
United States). All experiments were performed three
times. One-way analysis of variance and the Mann-
Whitney U test were performed to compare the mean of
different groups, and a P-value < 0.05 was considered
significant.

RESULTS

Exacerbated intrahepatic fat amount but attenuated
hepatic inflammation in HF diet fed RIP3KO mice
RIP3KO mice showed increased hepatic fat deposition
on histological and hepatic tissue TG contents analysis
compared to WT mice (4.58 nm/pL vs 6.92 nm/uL, P =
0.000) when fed with 60% HF but not with normal chow
diet (Figure 1A and C). Body weight was significantly
increased in HF diet fed RIP3KO mice compared to WT
mice. Overall, NAS score was not significantly different
between the both WT-HF and RIP3KO-HF groups;
however, fatty change was significantly increased (2 vs
3, P = 0.000) and lobular inflammation was decreased
(1.5 vs 0.75, P = 0.007) in HF fed RIP3KO mice (Figure
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1B, D-F). Liver weight (1.87 g vs 2.43 g, P = 0.001)
and liver to body weight ratio (5.09 vs 3.91, P =
0.000) were also increased in HF diet fed RIP3KO mice
compared to WT mice (Figure 1H and I). Serum ALT
was increased in HF diet fed RIP3KO mice (Figure 1K).

Effect of RIP3 ablation on hepatic fat regulation

RIP3 expression increased with the HF diet (Figure
2A), as previously observed™®. The expression of other
genes involved in lipid homeostasis, including those
for sterol regulatory element-binding protein-1c, fatty
acid synthase, cluster of differentiation-36, diglyceride
acyltransferase, and peroxisome proliferator-activated
receptor alpha, were not definite (Figure 2F-J). The
genes involved in very-low-density lipoprotein (VLDL)
secretion were analyzed to evaluate increased hepatic
tissue TG contents. The mRNA analysis showed that
RIP3KO mice had significantly decreased VLDL secretion
markers, including microsomal triglyceride transfer
protein (MTTP), protein disulfide isomerase (PDI), and
apolipoprotein-B (ApoB). VLDL secretion markers were
further suppressed in HF diet fed RIP3KO animals (Figure
2B-D).

Next, to confirm whether the effect of RIP3 deletion
could also be observed in vitro, primary hepatocytes
from WT and RIP3KO mice were isolated. Following
treatment with OA, Nile red staining was increased in
both WT and RIP3KO primary hepatocytes. However,
OA treated RIP3KO primary hepatocytes had increased
Nile red staining compared to WT primary hepatocytes
(Figure 3A). Next, to confirm further, RIP3 was
overexpressed in primary hepatocytes using an RIP3
overexpression system. If RIP3 ablation exacerbates
hepatic lipid storage, then RIP3 overexpression should
decrease lipid storage. As expected, RIP3 overexpressed
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Figure 3 RIP3 deletion increases hepatic fat storage. A and B: The primary hepatocytes from WT and RIP3KO mice were treated with DMSO and OA. The
RIP3KO primary hepatocytes had increased Nile red staining compared to WT primary hepatocytes. RIP3 overexpression decreased Nile red staining compared
to the vector group treated with OA. C and D: HepG2 cells treated with GSK'843 did not show increase Nile red staining. The expression of MTTP, PDI, and ApoB
was also not decreased in GSK'843 treated HepG2 cells. E: GSK'843 treatment did not increase the expression of SREBP1c, FAS, and SCD-1 in HepG2 cells. °P <
0.05 by ANOVA, Duncan post hoc analysis, compared to control; °P < 0.05 by ANOVA, Duncan post hoc analysis. WT: Wild-type; RIP3: Receptor interacting protein
kinase-3; KO: Knockout; DMSO: Dimethyl sulfoxide; OA: Oleic acid; ApoB: Apolipoprotein-B; MTTP: Microsomal triglyceride transfer protein; PDI: Protein disulfide
isomerase; XBP1: X-box binding protein-1; SREBP1c: Sterol regulatory element-binding protein-1c; FAS: Fatty acid synthase; SCD-1: Stearyl-CoA desaturase-1;
ANOVA, Analysis of variance.
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Figure 4 RIP3 reduces inflammation in liver tissue. Following HF diet feeding, RIP3KO mice had reduced expression of TNF-a,, CXCL1, and CXCL2 compared to
HF diet fed WT mice. °P < 0.05 by Mann-Whitney U test, compared to NC diet fed WT group; °P < 0.05 by Mann-Whitney U test, compared to HF diet fed WT group.
HF: High fat; KO: Knockout; WT: Wild-type; NC: Normal chow; RIP3: Receptor interacting protein kinase-3; TNF-a.: Tumor necrosis factor alpha; CXCL1: Chemokine
(C-X-C motif) ligand-1; CXCL2: Chemokine (C-X-C motif) ligand-2.

primary hepatocytes had decreased Nile red staining treated HepG2 cells did not show an increase in Nile red
compared to control (Figure 3B). Next, we evaluated staining, a decrease in MTTP, PDI, and ApoB expression
whether RIP3 inhibition using GSK’843 would also (Figure 3C and D), and changes in sterol regulatory
yield similar results in HepG2 cells. However, GSK'843 element-binding protein-1c, fatty acid synthase, and
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Figure 5 Effect of RIP3 on inflammatory markers. A and B: TNF-a/LPS + zVAD induced increase in TNF-a. expression was exacerbated with GSK'843 treatment.
TNF-a/LPS + zVAD induced increased expression of CXCL1 and CXCL2 was decreased with GSK'843 treatment. °P < 0.05 by ANOVA, Duncan post hoc analysis,
compared to control; °P < 0.05 by ANOVA, Duncan post hoc analysis. TNF-a: Tumor necrosis factor alpha; LPS: Lipopolysaccharide; zVAD: N-Benzyloxycarbonyl-Val-
Ala-Asp(O-Me) fluoromethyl ketone; CXCL1: Chemokine (C-X-C motif) ligand-1; CXCL2: Chemokine (C-X-C motif) ligand-2; ANOVA, Analysis of variance.

stearyl-CoA desaturase (SCD-1) expression (Figure 3E).

RIP3 partially regulated macrophage activation

HF diet fed RIP3KO mice had reduced expression of
TNF-a, CXCL1, and CXCL2 compared to HF diet fed
WT mice (Figure 4A-D). In vitro analysis suggested
that necroptotic stimulation (LPS + zVAD) increased
CXCL1/2 expression in monocytes. RIP3 inhibitor (GSK”
843) decreased the expression of CXCL1/2 as well as
IL-6, but GSK'843 did not reduce TNF-o expression. The
levels of neutrophil chemokines (CXCL1, and CXCL2)
were decreased with GSK’843 (Figure 5A and B).

DISCUSSION

Our results suggest that RIP3 inhibition is associated
with suppression of VLDL secretion markers and partial
inhibition of macrophage activation via inhibiting CXCL1
and 2 expressions.

Previously, varying results of RIP3 inhibition in HF
and MCD diet-induced animal NAFLD models were
observed. In HF diet-induced NAFLD model"*, RIP3
deletion was associated with increased fatty change,
hepatic tissue TG, body weight, and serum AST and
ALT. Another study, however, reported that in the
MCD diet-induced NAFLD model, RIP3 deletion did
not affect lipidosis score in the early phase (2-wk)
but did decrease it in the late phase (8 wk)™'. The
MCD diet-induced NAFLD studies did not extensively
evaluate for hepatic steatosis!"*?\. None of the previous
studies examined the precise mechanism of hepatic
fat accumulation and the interaction with hepatocytes
pathways of lipid de novo synthesis, transportation,
and metabolism. Our results also showed that VLDL
secretion markers, including ApoB, MTTP, and PDI, were
suppressed with RIP3 deletion (Figure 2). The primary
hepatocytes isolated from WT and RIP3KO mice were
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treated with DMSO and OA. Similar to increased hepatic
TG contents in RIP3KO mice, OA treated RIP3KO
primary hepatocytes had increased Nile red staining
compared to OA treated WT primary hepatocytes.
Correspondingly, primary hepatocytes overexpressing
RIP3 also showed decreased Nile red staining compared
to control (Figure 3). However, we did not observe a
decrease in the expression of MTTP, PDI, and ApoB
following treatment with GSK’843 in HepG2 cells.

Similar to previous findings'®, our results showed
that the overall NAS score was the same between
HF diet fed WT and RIP3KO mice; however, lobular
inflammation was decreased in our study. Moreover,
in contrast to the MCD diet-induced NAFLD model,
RIP3 deletion associated reductions in serum AST and
ALT were not observed in our study. On the contrary,
in HF diet-induced NAFLD model, RIP3 induction was
thought to protect hepatocytes against further steatosis
and, thus, the RIP3 deletion might have led to more
deleterious effects!®. Moreover, RIP3 deletion was
also associated with exacerbated inflammation in the
HF diet-induced NAFLD"®. Interestingly, RIP3 deletion
reduced ethanol induced steatosis™®. In our study,
following HF diet feeding, CXCL1/2 expression increased
in liver tissue. The expressions of CXCL1/2 were
reduced in RIP3KO mice compared to corresponding
controls. In vitro, TNFo/LPS + zVAD induced CXCL1/2
expressions. GSK'843 treatment reduced CXCL1 and
CXCL2 expression in U937 macrophages and HepG2
cells, but TNF-o. expression was not reduced (Figures 5
and 6).

Our study has the following limitations. First, we did
not evaluate the long-term effects of RIP3 deletion on
the exacerbated response in HF diet-induced NAFLD
model. Moreover, we did not evaluate the previously
highlighted contribution of increased hepatic and
adipose tissue apoptosis associated with RIP3 deletion
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Figure 6 Conceptual diagram. GSK'843 treatment decreases neutrophil recruitment markers, including CXCL1 and CXCL2, thereby reducing neutrophil recruitment
to the tissue. However, RIP3 inhibition increases de novo fat synthesis while decreasing VLDL secretion. RIP3: Receptor interacting protein kinase-3; CXCL1:
Chemokine (C-X-C motif) ligand-1; CXCL2: Chemokine (C-X-C motif) ligand-2; VLDL: Very-low-density lipoproteins.

in NAFLD. RIP3 ablation in adipose tissue leads to
the metabolic phenotype in RIP3KO mice. Moreover,
RIP3 has a role in maintaining white adipose tissue
homeostasis and systemic RIP3 ablation leads to insulin
resistance and glucose intolerance. RIP3 overexpression
is thought to balance caspase-8 mediated increase in
apoptosis. Following RIP3 deletion, a switch towards
increased apoptosis in both liver and adipose tissues
was observed, and increased adipocytes apoptosis was
thought to mediate the systemic effects!*®!, Therefore, to
elaborate the detailed mechanism of additional in vivo
signaling, a further in depth analysis is needed. Second,
examination of hepatocyte specific RIP3 knockout and
RIP3 kinase dead mice would be useful to understand
HF diet-induced NAFLD. The pathogenic context,
initiating stimulus, and compartment specific RIP3
regulation™***! might reveal why such diverse results of
RIP3 deletion are observed in the NAFLD models. Other
studies also reported that the expression of regulated
necrosis molecules could be different according to the
trigger, disease pathogenesis, organs involved, and
species®, Moreover, studies have also suggested that
different cell types could be responding differentially to
necroptosis stimuli™.

In conclusion, our results show that RIP3 deletion
aggravates hepatic steatosis in the HF diet-induced
NAFLD model. RIP3 deletion was also associated with
suppression of VLDL secretion from hepatocytes.
Moreover, targeting RIP3 could have deleterious
systemic consequences. Future research should consider
the diverse and unwanted systemic consequences of
RIP3 deletion in NAFLD. The role of RIP3 could be a
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double-edged sword in NAFLD. Although RIP3 has a
crucial role in necroptosis, RIP3 showed diverse effects
in metabolic disease. Therefore, careful attention and
more extensive studies are needed to further elaborate
the interactions between RIP3 and NAFLD associated
signaling pathways.

ARTICLE HIGHLIGHTS

Research background

The receptor interacting protein kinase-3 (RIP3) inhibition in various non-
alcoholic fatty liver disease (NAFLD) models has shown varied results. The
underlying mechanism associated with these diverse outcomes is still not clear.
The evaluation of necroptosis signaling molecules in NAFLD might provide a
useful therapeutic target.

Research motivation

Previous studies report that in high fat (HF)-induced NAFLD, RIP3 deletion
exacerbated fatty change, inflammation, fibrosis, and apoptosis. However, in
the methionine choline deficient diet-induced NAFLD model, these changes
were not observed. The reason for the varied results associated with RIP3
deletion in different NAFLD models is unknown.

Research objective
To validate the effects of RIP3 deletion in NAFLD and to clarify the mechanism
of action.

Research methods

Wild-type and RIP3 knockout mice were fed HF and normal chow diets for 12
wk. The body weight was assessed weekly. After 12 wk, the liver and serum
samples were analyzed for changes. Hematoxylin & eosin staining, NAFLD
Activity Score evaluation, and triglyceride quantification were performed. The
changes in very-low-density lipoproteins (VLDL) secretion and inflammation
markers were recorded. Primary hepatocytes were evaluated for lipid contents.
HepG2 cells and U937 cells were evaluated for changes in inflammatory
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markers.

Research results

Our results show that RIP3 deletion is associated with exacerbated hepatic
lipid contents, suppressed VLDL secretion markers, and partially suppressed
inflammation.

Research conclusion
In HF diet-induced NAFLD, RIP3 deletion is associated with increased hepatic
steatosis and partially suppressed inflammation

Research perspective
Necroptosis signaling molecules, especially mixed lineage kinase domain-like
proteins, should be further explored for its therapeutic potential in NAFLD.
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Abstract

AIM

To investigate near-infrared photoimmunotherapeutic
effect mediated by an anti-tissue factor (TF) antibody con-
jugated to indocyanine green (ICG) in a pancreatic cancer
model.

METHODS

Near-infrared photoimmunotherapy (NIR-PIT) is a highly
selective tumor treatment that utilizes an antibody-photo-
sensitizer conjugate administration, followed by NIR light
exposure. Anti-TF antibody 1849-ICG conjugate was
synthesized by labeling of rat IgGz anti-TF monoclonal
antibody 1849 (anti-TF 1849) to a NIR photosensitizer,
ICG. The expression levels of TF in two human pancreatic
cancer cell lines were examined by western blotting. Spe-
cific binding of the 1849-ICG to TF-expressing BxPC-3
cells was examined by fluorescence microscopy. NIR-PIT-
induced cell death was determined by cell viability imaging
assay. In vivo longitudinal fluorescence imaging was
used to explore the accumulation of 1849-ICG conjugate
in xenograft tumors. To examine the effect of NIR-
PIT, tumor-bearing mice were separated into 5 groups:
(1) 100 ug of 1849-ICG i.v. administration followed by
NIR light exposure (50 J/cm?) on two consecutive days
(Days 1 and 2); (2) NIR light exposure (50 J/cm?) only
on two consecutive days (Days 1 and 2); (3) 100 pg of
1849-ICG i.v. administration; (4) 100 pg of unlabeled anti-
TF 1849 i.v. administration; and (5) the untreated control.
Semiweekly tumor volume measurements, accompanied
with histological and immunohistochemical (IHC) analyses
of tumors, were performed 3 d after the 2™ irradiation
with NIR light to monitor the effect of treatments.

RESULTS

High TF expression in BxPC-3 cells was observed via
western blot analysis, concordant with the observed prefe-
rential binding with intracellular localization of 1849-I1CG
via fluorescence microscopy. NIR-PIT-induced cell death
was observed by performing cell viability imaging assay.
In contrast to the other test groups, tumor growth was
significantly inhibited by NIR-PIT with a statistically signifi-
cant difference in relative tumor volumes for 27 d after
the treatment start date [2.83 = 0.38 (NIR-PIT) vs 5.42
+ 1.61 (Untreated), vs 4.90 + 0.87 (NIR), vs 4.28 +
1.87 (1849-ICG), vs 4.35 = 1.42 (anti-TF 1849), at Day
27, P < 0.05]. Tumors that received NIR-PIT showed
evidence of necrotic cell death-associated features upon
hematoxylin-eosin staining accompanied by a decrease
in Ki-67-positive cells (a cell proliferation marker) by IHC
examination.

CONCLUSION

The TF-targeted NIR-PIT with the 1849-ICG conjugate
can potentially open a new platform for treatment of
TF-expressing pancreatic cancer.
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Core tip: We examined whether anti-tissue factor (TF)
antibody 1849-indocyanine green (ICG) conjugate
(1849-ICG) induced the photoimmunotherapeutic effect in
a pancreatic cancer xenograft. There was no report about
employing 1849-ICG conjugate which selectively binds the
target antigen TF for near-infrared photoimmunotherapy
(NIR-PIT) of tumor, though some studies have suggested
the usefulness of anti-TF 1849 in cancer imaging and
therapy. Our study proposes for the first time that
1849-ICG conjugate is a desirable candidate for new treat-
ment modality NIR-PIT of pancreatic cancer after evalua-
ting its cytotoxic and antitumor effects via in vitro and in
vivo studies in mouse model of pancreatic cancer.

Aung W, Tsuji AB, Sugyo A, Takashima H, Yasunaga M,
Matsumura Y, Higashi T. Near-infrared photoimmunotherapy of
pancreatic cancer using an indocyanine green-labeled anti-tissue
factor antibody. World J Gastroenterol 2018; 24(48): 5491-5504
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5491 .htm
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5491

INTRODUCTION

Pancreatic cancer is one of the most devastating health
issues that has caused 411600 deaths, globally, in
2015 for all ages and both sexes!'!. In 2018, in the
United States, it is the fourth and ninth leading cancer
type for estimated cancer death and new cancer case,
respectively!. Pancreatic cancer has the lowest 5-year
survival rate of 8%, for all stages combined™®. The ma-
jor reasons of poor prognosis are late diagnosis and
lack of effective therapy. Therefore, for achieving early
diagnosis and new treatment options, the efficacious
antibody based molecular-targeting therapeutic appro-
aches are currently gaining attention in preclinical and
clinical research. Conventional immunotherapy itself as
well as using certain antibodies, antibody-drug conju-
gate (ADC) therapy, radioimmunotherapy (RIT), and
photoimmunotherapy (PIT) are being investigated
substantially. Meanwhile, the effort to explore a novel
target molecule and a suitable theranostic agent is still
imperative.

Tissue factor (TF) is a 47-kDa single chain trans-
membrane glycoprotein belonging to the cytokine
receptor family group 2, composed of 263 amino acid
residues. TF mediates a variety of physiologically- and
pathophysiologically-relevant functions and its overexpres-
sion is linked to thrombogenicity, tumor angiogenesis,
cell signaling, tumor cell proliferation, and metastasis™*.
Various malignant entities including pancreatic cancer
has shown the expression of TF®”), Moreover, in contrast
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to normal pancreas with low TF expression, a high TF
expression in pancreatic cancer correlates with tumor
grade, extent, metastasis and invasion®®*“. Haas and
co-workers have previously analyzed the expression of
TF in eight human pancreatic cancer cell lines including
BxPC-3 and reported presence of TF expression, at RNA
and protein level. Corresponding to the TF expression
in cell lines, they also demonstrated that most of the
tissue specimens of pancreatic cancer patients have
highly variable TF expression, as determined by immuno-
fluorescence staining™®. Previously, we suggested that
TF may be a promising target for cancer diagnostic im-
aging or therapy, developed several anti-TF antibodies,
and showed that a rat IgGa anti-TF monoclonal antibody
1849 has high affinity against TF***%, We reported
the development of Alexa Flour-647-labeled anti-TF
antibody 1849 probe for fluorescence imaging in a TF-
overexpressing human pancreatic cancer xenograft
model™"! and an In-labeled anti-TF antibody 1849
probe for immuno- single-photon emission computed to-
mography (SPECT) imaging in glioma model™® and pan-
creatic cancer models (manuscript under preparation).
Cai et al*** have successfully developed a radiotracer for
immuno-PET (positron emission computed tomography)
imaging of in vivo TF expression in pancreatic cancer
and breast cancer models''®. Wang et a'”’ labeled anti-
TF antibody with *°Y and reported its radiotherapeutic
effect on human xenograft NSCLC tumors in nude mice.
These studies that considered TF as a molecular target
encourage us to use anti-TF antibody 1849 in near-in-
frared PIT (NIR-PIT).

NIR-PIT is a modified version of the conventional
photodynamic therapy (PDT) or photothermal therapy
(PTT). NIR-PIT exerts a target cell specific cancer
treatment that enables highly selective cell death after
systemic administration of a photosensitizer-conjugated
antibody against tumor-associated antigens, and ac-
companying exposure with NIR light. The light of a speci-
fic wavelength activates the relevant photosensitizer, and
this interaction induces a cytotoxic reaction. An antibody
which binds a cancer specific antigen expressing on the
cellular membrane, is desirable for selective targeting
of cancer cells. Over recent decades, a wide variety of
available monoclonal antibodies that bind to the various
molecular targets, have been considered and used with
NIR-PIT in preclinical studies by several research groups.
Among them, NIR-PIT using anti-epidermal growth
factor receptor (EGFR) antibody (cetuximab) conjugated
to a photosensitizer, phthalocyanine dye IRDye® 700DX
NHS Ester (IR700DX), has been widely studied and
is currently in its Phasel /I clinical study (study of
RM-1929 and PIT in patients with recurrent head and
neck cancer: NCT02422979).

In the present study, we conjugate an anti-TF mono-
clonal antibody 1849 with a photosensitizer, indocyanine
green (ICG), and demonstrate the potential of the ge-
nerated 1849-ICG conjugate as a desirable candidate for
NIR-PIT of pancreatic cancer, after evaluating its cytotoxic
and antitumor effects via in vitro and in vivo studies in a
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mouse model of pancreatic cancer.

MATERIALS AND METHODS

Cell lines

The human pancreatic cancer cell lines, BxPC-3 and
SUIT-2, were purchased from the ATCC (Manassas, VA,
United States). BxPC-3 cells were maintained in RPMI
1640 medium (Sigma-Aldrich, St. Louis, MO, United
States) supplemented with 10% fetal bovine serum
(FBS) (Nichirei Biosciences, Tokyo, Japan), 100 U/mL
penicillin-G sodium, and 100 mg/mL streptomycin sul-
fate (Invitrogen, Carlsbad, CA, United States) at 37 C
under a humidified atmosphere containing 5% CO:s:.
SUIT-2 cells were maintained in high glucose Dulbecco’s
modified Eagle’s medium (DMEM) (Wako, Osaka, Japan)
supplemented with 10% FBS, 100 U/mL penicillin, and
100 pg/mL streptomycin.

Western blot analysis

Western blotting was performed to analyze TF expression
in cultured cells. Whole-cell lysates were prepared
using radioimmunoprecipitation assay buffer (Wako
Pure Chemical Industries, Osaka, Japan) supplemented
with a protease inhibitor cocktail (Sigma-Aldrich). Total
protein concentration was measured using a NanoDrop
One spectrophotometer (Thermo Fisher Scientific,
Wilmington, DE, United States). Protein samples (35
ug) were separated on a 4%-20% polyacrylamide gel
(ATTO Corporation, Tokyo, Japan) and transferred on to
Immobilon-P membrane (Millipore, Billerica, MA, United
States). As primary antibodies, anti-TF 1849 (generated
by us) and a commercially available goat anti-human
actin (C-11) antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, United States), were used. A horseradish
peroxidase (HRP)-linked anti-rabbit IgG antibody and
anti-rat IgG antibody (GE Healthcare, Little Chalfont,
United Kingdom) were used as the secondary antibodies.
Immunoreactive bands were visualized using the En-
hanced Chemiluminescence Plus Western blotting de-
tection system (GE Healthcare).

Photosensitizer labeling of anti TF-antibody

The rat IgGa anti-TF monoclonal antibody 1849 which
reacts with human TF antigen was developed as pre-
viously described!?, An ICG Labeling kit-NH2 was
purchased from Dojindo Molecular Technologies, Inc.
(Rockville, MD, United States). Labeling of antibody with
ICG was performed according to the manufacturer’'s ma-
nual. A component of this kit, NHz-reactive ICG, has a suc-
cinimidyl ester group and can easily form a covalent bond
with an amino group of the antibody. Briefly, NH2-reactive
dyes were added to anti-TF antibody (130 pg) solution on
the membrane of a filtration tube and incubated at 37 C
for 10 min. The buffer solution was then added to the
mixture and centrifuged. The conjugate was recovered
by pipetting with phosphate-buffered saline (PBS).
The concentration of the conjugates was determined
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by Bradford protein assay using a BioRad microplate
reader (Bio-Rad Laboratrories, Inc., Hercules, CA, United
States). The absorbance of ICG was measured at 800
nm with the Synergy HT multi-mode microplate reader
(BioTek Instrument, Inc., Winooski, VT, United States),
and the number of fluorophore molecules conjugated
to each antibody was calculated. The ratio of ICG to
antibody was 0.4.

Fluorescence microscopy studies

Fluorescence microscopy was employed to observe
the localization of 1849-ICG and the cytotoxic effect of
PIT. BXPC-3 or SUIT-2 cells were plated on a Lab-Tek
Chamber slide (Thermo Fisher Scientific, Frederick, MD,
United States) and incubated for 18 h. Subsequently,
culture media were discarded, and the cells were
immediately stained after fixation with cold methanol for
5 min at -20 ‘C. Nonspecific binding of the antibody was
blocked by incubating with Block-Ace reagent (Dainippon
Pharmaceutical, Osaka, Japan) solution containing
10% goat serum for 30 min at room temperature. Sub-
sequently, the cells were incubated with the 1849-ICG
diluted (1:100) in antibody diluent buffer (Dako, Glos-
trup, Denmark) or without antibody, at 4 ‘C. After 18 h,
cells were washed with Tris-buffered saline (TBS), and
the nuclei were stained with 4,6-diamidino-2-phenylindole
Fluoromount-G (SourthenBiotech, Birmingham, AL,
United States). The cells were visualized under a Keyence
BZ-X700 microscope (Keyence Japan Co, Ltd, Osaka,
Japan) equipped with the following filter sets: excitation
wavelength 675 to 750 nm, emission wavelength 760
to 860 nm and dichroic mirror wavelength 760 nm for
ICG. To compare BxPC-3 and SUIT-2 cells, images were
acquired using the same settings of exposure time and
black balance. Phase-contrast images were also acquired.

Cell viability imaging assay after PIT

BxPC-3 cells (2 x 10°/well) were seeded in a chamber
slide. After 6 h, the culture medium was changed to
fresh medium containing 1849-ICG (2.5 pug/mL medium)
or not. After an overnight incubation, the culture medium
was replaced with phenol red free medium and the cells
were subsequently irradiated with NIR light from an
Infrared Diode Laser system (Laser Create Co., Tokyo,
Japan) at a wavelength of 808 + 3 nm and a power
density of 50 J/cm? (1 W/cm? for 50 s). The irradiation
dose was measured with a thermal laser power sensor
and an optical power meter, Starlite (OPHIR Japan,
Saitama, Japan). Two hours later; two color staining assay
using ReadyProbes™ Cell Viability Imaging kit (Thermo
Fisher Scientific) was performed. As per manufacturer’
s instruction, nuclei of all viable cells were stained with
NucBlue® Live reagent, while only the nuclei of dead cells
were stained with NucGreen® Dead reagent. The cells
were imaged under a Keyence BZ-X700 microscope
(Keyence Japan Co, Ltd) equipped with appropriate filter
sets for DAPI (excitation/emission maxima: 360/460
nm), GFP (green) filter set (excitation/emission maxima:
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470/525 nm) and ICG (excitation/emission maxima:
710/810 nm).

Animal and tumor model

A single-cell suspension of 5 x 10° BxPC-3 cells in 100
pL RPMI medium was mixed with BD Matrigel matrix
(BD Biosciences, Bedford, MA, United States) and sub-
cutaneously inoculated into both thighs of 7-wk-old
male, BALB/cA Jcl-nu/nu nude mice (CLEA, Shizuoka,
Japan) for in vivo imaging and NIR-PIT studies. During
the experimental procedure, mice were anesthetized
with isoflurane. All animal experiments were conducted
in compliance with the guidelines for animal experimen-
tation approved by the Animal Care and Use Committee
of our institution, National Institute of Radiological
Sciences.

In vivo NIR fluorescence imaging

Tumor-bearing mice were injected intravenously with
1849-ICG (100 pg) via a tail vein. The mice were anes-
thetized by inhalation of 2.5% isoflurane, and spectral
fluorescence images at dorsal position were obtained
using the Maestro In-vivo Imaging system (CRi, Woburn,
MA, United States) with the ICG filter sets (excitation,
700-770 nm and emission, 790 nm long pass) at pre-
injection, followed by various time points post-injec-
tion (24, 48, 72, and 144 h). The tunable filter was
automatically stepped up in 10-nm increments from 780
to 950 nm for the ICG filter setting, while the camera
sequentially captured images at each wavelength inter-
val. With the commercial Maestro software (CRi), sub-
tractions of background and baseline intensities, followed
by un-mixing of spectral fluorescence images were
performed a step by step. By setting the auto calculate
threshold, the region of interest on entire tumors of the
ICG spectrum image were determined and the tumor
fluorescence signal intensities (FI) were measured. The
constant exposure time was set to compare the FI of the
serial images. Overlaid image of ICG spectrum image
and white light image was acquired by using Photoshop
software (Adobe, San Jose, CA, United States).

In vivo PIT of tumor

When the subcutaneous BxPC-3 tumors in mice reached
approximately 10 mm at the longest diameter, the tumor-
bearing mice were randomly assigned to one of the 5
groups (n = 6 for each group) for the treatment study
conducted as per the shown scheme (Figure 1). Mice
were initially injected 1849-ICG (100 ng) intravenously.
On day 1 and day 2, the tumor was irradiated with
NIR light from an Infrared Diode Laser system (Laser
Create Co.) at a wavelength of 808 = 3 nm and a power
density of 50 J/cm? (1 W/cm? for 50 s), as measured
with a Starlite Laser Power meter (OPHIR Japan Ltd.).
During irradiation, the surrounding areas of tumors were
shielded from light using aluminum foil. Briefly, group (1)
received 1849-ICG i.v. administration followed by two
doses of irradiation on two consecutive days, group (2)
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Figure 1 Experimental treatment scheme. A: Near-infrared photoimmunotherapy (NIR-PIT); B: NIR light alone; C: Indocyanine green-labeled antibody 1849
conjugate alone; D: Anti-tissue factor antibody 1849 alone; E: Control (untreated). Anti-TF 1849: Anti-tissue factor antibody 1849; 1849-ICG: Indocyanine green-
labeled anti-tissue factor antibody 1849; NIR: Near-infrared; NIR-PIT: Near-infrared photoimmunotherapy.

received two doses of irradiation only on two consecutive
days, group (3) received 1849-ICG i.v administration
only, group (4) received unlabeled anti-TF 1849 i.v. ad-
ministration, and group (5) received no treatment. To
determine the tumor response, tumors of mice (n = 12
for each group except n = 11 in anti-TF 1849 group)
were measured twice a week throughout the experiment
using calipers, and volumes were approximated using
the formula: volume (mm?®) = [length (mm)] x [width
(mm)T* x 0.5. Relative tumor volume was calculated as
the volume on the indicated day divided by the starting
volume on the day prior to the treatment. Body weight
of mice was also measured twice a week; general health
conditions and local skin condition at the irradiated area
of mice were monitored daily.

Histological and immunohistochemical analysis

At 72 h after 2™ irradiation of NIR-PIT, 2 mice from each
group (n = 2) were euthanized by cervical dislocation
under anesthesia (isoflurane). Tumors were excised
from these mice, fixed in 4% paraformaldehyde, and
embedded in paraffin. To observe the histologic changes,
paraffin-embedded tissues were cut into 5-um slice,
serial sections were fixed on glass slides and stained
with hematoxylin and eosin (H&E) staining. To perform
immunohistochemical (IHC) analysis, tissue sections
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were rehydrated, and subjected to antigen retrieval.
The sections were stained for Ki-67, a cell proliferation
markert'®, using an anti-human Ki-67 polyclonal antibody
(Dako Denmark, Glostrup, Denmark), as previously de-
scribed™?!, Slides were analyzed using the Olympus BX43
microscope system (Olympus, Tokyo, Japan).

Statistical analysis

All results were expressed as mean * SD. Significant
differences between groups were determined by Student’s
t-test (Excel, Microsoft, Redmond, WA, United States).
Two-tailed unpaired t-test was used for comparisons of
relative tumor volume. The probability of survival based
on relative tumor volume (3.1-fold increase of individual
tumor volume from the initial volume) was estimated in
each group with a Kaplan-Meier survival curve analysis,
and the results were compared with use of the Gehan-
Breslow-Wilcoxon test. P-values < 0.05 were considered
significant.

RESULTS

Expression of TF in human pancreatic cancer cell lines

Expression of human TF protein in BxPC-3 and SUIT-2
pancreatic cancer cells was determined through western
blot analysis and fluorescence microscopy. In western
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Figure 2 Tissue factor expression in human pancreatic cancer cell lines. A: Tissue factor (TF) expression in the cell lines BxPC-3 (lane 1) and SUIT-2 (lane
2) was examined by western blotting; B: Both cell lines were incubated with or without indocyanine green-labeled anti-TF antibody 1849 (1849-ICG) for 18 h and
examined under a fluorescent microscope. Intracellular localization of intense fluorescent signals indicated substantial binding and internalization of 1849-ICG within
BxPC-3, but very rarely in SUIT-2 cells (Scale bar = 50 um, 40 x objective magnification). DAPI: 4,6-diamidino-2-phenylindole; 1849-ICG: Indocyanine green-labeled

anti-tissue factor antibody 1849; TF: Tissue factor.

blot analysis of cell lysate, TF expression was found to be
much higher in BxPC-3 cells than in SUIT-2 cells (Figure
2A). Moreover, fluorescence microscopy after overnight
incubation with 1849-ICG revealed that the preferential
binding with intracellular localization of 1849-ICG was
higher in BxPC-3 cells than SUIT-2 cells (Figure 2B).
Taken together, our data indicated the specific binding
of the 1849-ICG conjugate antibody to the highly-
expressed TF in BxPC-3 pancreatic cancer cells.

Phototoxic cell death in response to TF-ICG mediated
PIT
PIT induced rapid cell death, and numerous dead cells
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stained with NucGreen® Dead reagent were visualized
(Figure 3). Meanwhile, there was no significant cyto-
toxicity associated with exposure of 1849-ICG or NIR
light exposure alone, in the absence of each other (Figure
3).

In vivo tumor visualization by NIR fluorescence imaging
Mice with subcutaneous BxPC-3 tumors were intra-
venously injected with 1849-ICG, followed by NIR fluore-
scence imaging at the indicated time points (24, 48, 72,
96 and 144 h after injection). In the untreated group,
tumors showed highest FI 24 h after injection and fairly
retained the FI until 144 h, our last observation time
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NucBlue® Dead ICG

Figure 3 Phototoxic cell death after photoimmunotherapy. Two hours after photoimmunotherapy (PIT) treatment, the cells were stained using the Cell viability
imaging kit. The nuclei of dead cells were stained with NucGreen® Dead reagent (green), while the viable cell nuclei were stained with NucBlue® Live reagent (blue).
Near-infrared (NIR)-PIT induced rapid cell death and numerous dead cells were markedly visible. There was no significant cytotoxicity associated with exposure to
indocyanine green-labeled anti-tissue factor antibody 1849 or NIR light only. (Scale bar = 100 um, 10 % objective magnification). 1849-ICG: Indocyanine green-labeled

anti-tissue factor antibody 1849; NIR: Near-infrared; PIT: Photoimmunotherapy.

point, even though FI of tumor decreased gradually over
time in longitudinal imaging (Figure 4A). In contrast, the
FI of tumors in the PIT group decreased immediately
after receiving the irradiation but it increased again in 24
h (Figure 4B).

PIT effects on the tumor growth in nude mice

Tumor growth was significantly inhibited by NIR-PIT
with statistically significant differences in the relative
tumor volumes for 27 d after the treatment onset when
compared to the other groups (no treatment, 1849-ICG
only, anti-TF 1849 only and NIR irradiation only) (P <
0.05) (Figure 5A). No significant therapeutic effect was
observed in the control groups. A significantly prolonged
survival was observed in the NIR-PIT group (P < 0.05 vs
the other groups) (Figure 5B). No body weight change
(Figure 5C), skin damage, or abnormal general condition
were observed in these mice.

Evaluation of the PIT effects with histological and IHC
analysis

According to our histological examination and some
previous studies, the cells in BxPC-3 tumors have been
observed to form a nest pattern, surrounded by stromal
tissues in BxPC-3 tumors™. However, H&E-stained
sections of tumors treated with PIT revealed necrotic
death-associated features, such as loss of tumor cells and
the nest pattern, scattering of damaged and hypertrophic
tumor cells, and marked interstitial fibrosis (Figure 6). On
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the other hand, no obvious damage was observed in the
tumors of the control groups: receiving only 1849-ICG
but no NIR irradiation, receiving only NIR irradiation,
receiving only unconjugated anti-TF 1849, and receiving
no treatment (Figure 6). As per the IHC examination, the
numbers of Ki-67-positive tumor cells, indicating active
proliferation, decreased noticeably in the tumor tissues
of mice treated with PIT, when compared with the other
groups (Figure 7).

DISCUSSION

For cancer therapy, conventional PDT has been suggested
as one of the treatment modalities®". In PDT, tumor
targeting of photosensitizers depends primarily upon
the passive enhanced permeability and retention (EPR)
effect'””, However, EPR-based tumor targeting alone
faces intrinsic limitations in its specificity and efficacy'®..
To overcome this ambiguity, active targeting strategies
using special molecules (antibodies, ligands, etc.),
which bind to tumor antigens specifically, have been
exploited and are preferred as a drug delivery system.
Recently, Mitsunaga et a** and others recommended
cancer cell-selective NIR-PIT to overcome the limitation
of conventional PDT. Their studies revealed that NIR-
PIT induces reliable cytotoxic and antitumor effects in
several tumors and derived cell lines'*3?, Researchers
labeled the different types of tumor-specific antibodies
such as anti-EGFR mAb*>*®, anti-CD20 mAb™”, anti-
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Figure 4 Serial near-infrared fluorescence imaging of a representative mouse bearing xenografted tumor. A: Imaging was performed pre- and post- injection
of indocyanine green (ICG)-labeled anti-tissue factor antibody 1849 (1849-ICG) at indicated time points (24, 48, 72, and 144 h). The upper panel shows the overlaid
image of the ICG spectrum image (middle panel) and the white light image (lower panel). Fluorescent signal intensity of BxPC-3 tumors is higher than that of the
whole body. Adjoining bar graph shows the ICG specific signal intensity of the tumors over time with the peak intensity at 24 h after the injection. Data are presented
as mean + SD (n = 14); B: Images of tumor bearing mice before photoimmunotherapy (PIT) (left); 2 h (center) and 24 h (right) after PIT. ICG signal intensity in the
tumor decreased initially after PIT and was restored in 24 h suggesting re-accumulation of 1849-ICG due to circulating 1849-ICG. Bar graph shows the ICG signal
intensity of tumor before and after near-infrared-PIT. Data are presented as mean * SD (n = 16). 1849-ICG: Indocyanine green-labeled anti-tissue factor antibody
1849; NIR: Near-infrared; PIT: Photoimmunotherapy.

CD44 mAbP*, anti-PD-L1 mAbP*, anti-PSMA mAb"?, sensitizer IR700DX, and used them as PIT agents.
anti-CD25 mAb®*, and anti-CEA mAb™*?, with photo-  Although PIT is a promising therapeutic option, very few
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Figure 5 Photoimmunotherapeutic effects on BxPC-3 xenografts and body weight change in mice. A: Tumor volume change is expressed as the ratio of the
volume on the indicated day and volume at 1 d before the start of near-infrared photoimmunotherapy (NIR-PIT). Tumors treated by NIR-PIT (red) showed significantly
reduced growth rates compared to those, that received no treatment (light blue), NIR light exposure alone (pink), indocyanine green-labeled anti-tissue factor (TF)
antibody 1849 (1849-ICG) alone (green) and anti-TF antibody 1849 (anti-TF 1849) alone (blue), for 27 d after the treatment start date. Values shown represent mean
+ 8D, °P < 0.05, NIR-PIT vs other groups (n = 12 for each group except n = 11 in anti-TF 1849 group); B: Significantly prolonged survival was observed in NIT-PIT
group vs other groups, P < 0.05, by Gehan-Breslow-Wilcoxon test (n = 12 for each group except n = 11 in anti-TF 1849 group); C: The average body weight did not
differ significantly among all 5 groups of mice. Red arrowhead indicates the day of administration of 1849-ICG or Anti-TF 1849 and purple arrowheads indicate the
day of NIR exposure. Anti-TF 1849: Anti-tissue factor antibody 1849; 1849-ICG: Indocyanine green-labeled anti-tissue factor antibody 1849; NIR: Near-infrared; PIT:

Photoimmunotherapy.

PIT agents have been developed and examined. There-
fore, there is a need to develop more PIT agents for
treating various cancer patients.

High TF expression is commonly observed in a va-
riety of solid tumors including pancreatic cancer and
is associated with poor prognosis of pancreatic ductal
adenocarcinoma®®. Previously, we developed the anti-TF
1849, which has high affinity against TF, and succeeded
to visualize TF-expressing tumors noninvasively, in an
orthotopic glioma mouse model™ and pancreatic xeno-
graft tumor models (manuscript under preparation) by
utilizing the 'In-labeled anti-TF 1849. In the present
study, we propose that TF is an attractive molecular
target, and evaluate the photoimmunotherapeutic effect
mediated by anti-TF 1849 labeled with a photosensitizing
fluorophore ICG that is activated and cytotoxic upon
irradiation with NIR light.
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Our western blot analysis demonstrated the higher
expression of TF in BxPC-3 pancreatic cancer cells com-
pared to the SUIT-2 cells (Figure 2A). Other researchers
have also reported the expression of TF in certain human
pancreatic cancer cell lines'™™, These results encouraged
us to use BxPC-3 as a representative TF-expressing
pancreatic cancer model. Moreover, our results from in
vitro and in vivo fluorescence imaging after overnight
incubation of cells with 1849-ICG (Figure 2B) and tumor-
bearing mice after 1849-ICG injection, respectively
(Figure 4A), showed a strong ICG fluorescence signal
in BXPC-3 cells and tumors; indicating the significantly
increased accumulation of 1849-ICG in these cells
and tumors. Therefore, we hypothesized that our pan-
creatic cancer xenograft expressed elevated levels of
TF and would be bound specifically with 1849-ICG.
Accumulation of 1849-ICG in tumors with fluorescence
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Figure 6 Histological examination of effects of near-infrared photoimmunotherapy 72 h after 2" exposure to near-infrared light. Tumors were resected and
stained with hematoxylin and eosin. After near-infrared photoimmunotherapy (NIR-PIT), tumors showed necrotic death-associated features including loss of tumor
cells and cells nest pattern, scattering of damaged and hypertrophic tumor cells, and abundant fibrosis. No obvious damage was detected in the tumors of other
control groups; receiving no treatment, NIR light alone, indocyanine green-labeled anti-tissue factor (TF) antibody 1849 (1849-ICG) alone and anti-TF antibody 1849
(anti-TF 1849) alone. Photos of tumor section were taken under 20 x objective magnification (scale bar = 100 pm). Anti-TF 1849: Anti-tissue factor antibody 1849;
CTR: Control; 1849-ICG: Indocyanine green-labeled anti-tissue factor antibody 1849; NIR: Near-infrared; PIT: Photoimmunotherapy.
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Figure 7 Ki-67 immunostaining of tumor sections 72 h after 2™ exposure to near-infrared light in near-infrared photoimmunotherapy. A marked reduction
in Ki-67-positive cell numbers was observed in tumors treated with near-infrared photoimmunotherapy, compared with those of other control groups. Tumor section
photos were taken under 20 X objective magnification (scale bar = 100 um). Anti-TF 1849: Anti-tissue factor antibody 1849; CTR: Control; 1849-ICG: Indocyanine
green-labeled anti-tissue factor antibody 1849; NIR: Near-infrared; PIT: Photoimmunotherapy.

image was serially quantified and was found to peak intensity in the tumor decreased initially, probably due
24 h after injection. Following NIR-PIT, the ICG signal to partial photobleaching of probe and cancer cell death.
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Subsequently, the signal intensity tended to increase
again, 24 h after PIT, indicating re-accumulation of
circulating 1849-ICG in the surviving cells of the residual
tumor. This phenomenon may ensure the effect of PIT
by additional exposure of NIR 24 h later. Our present
study is the first ever report of NIR-PIT targeting TF with
1849-ICG, although there have been studies regarding
the targeting of TF for diagnostic imaging!**® or radio-
isotope therapy!'’\. Since TF is expressed not only on
tumor cell surface, but also, in tumor stroma®®”! and on
tumor-associated vascular endothelial cells®®, our NIR-
PIT with 1849-ICG may possibly target all of them.

As the NIR-PIT regimen, we used a single 1849-ICG
injection followed by NIR light exposure on two con-
secutive days. We intravenously injected the 100 pg
1849-ICG conjugate in 100 uL PBS to mice and irradiated
the tumor with NIR light (50 J/cm?) on two consecutive
days. Even with this treatment regimen, tumor growth
retardation was seen, and we could potentially obtain
more optimal therapeutic efficacy with minimal adverse
effects by increasing the injected dose of conjugate,
the irradiation energy, fractionated doses and repeated
treatment cycles. There have been reports that NIR-
PIT, quickly and massively, kills target-expressing cancer
cells within minutes after the NIR light exposure by
provoking irreversible cellular membrane damage. As a
result, extracellular water can enter the cells, resulting in
swelling, blebbing, and rupture of the cells®*. Moreover,
antibody-photosensitizer conjugates selectively bind
to target-positive cancer cells with insignificant non-
target cellular uptake of the photosensitizer, inducing
rapid necrotic damage, especially on cancer cells near
blood vessels. Thus, it causes the dilatation of tumor
blood vessels and dramatically increasing permeability
so called the super EPR (SUPR) effect™ !, By means
of this phenomenon after the initial NIR-PIT, antibody-
photosensitizer conjugates can infiltrate more into the
tumor microenvironment with enhanced permeability
and penetration after the first dose of NIR-PIT, with a
more homogenous access to the surviving cancer cells in
tumors®?., Therefore, an additional irradiation with NIR
light can further augment the therapeutic efficacy of NIR-
PIT*,

To comprehensively evaluate the potential effects
of 1849-ICG directed NIR-PIT, we performed in vitro
cell viability imaging assay, longitudinal monitoring of
tumor volume change and histological and IHC ana-
lyses of tumor sections. NIR-PIT-induced rapid cell
death was seen by fluorescence microscopy (Figure 3).
Relative tumor volume change showed significant inhi-
bition of tumor growth in the NIT-PIT group compared
to the control groups (Figure 4A). In the histological
investigation, H&E-stained NIR-PIT-treated tumor sec-
tions exhibited necrotic death-associated features (were
loss of tumor cells and cells nest pattern, scattering of
damaged and hypertrophic tumor cells, and marked
interstitial fibrosis), whereas no obvious damage was
observed in tumors of the other groups (Figure 6). Fur-
thermore, in the IHC examination, a decrease in number
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of proliferating cells was noticed in the tumors of mice
treated with NIR-PIT (Figure 7). Although rapid and
massive cell death was induced by NIR-PIT, to obtain the
optimal and prolong antitumor effect, further studies with
fractionated dosing of conjugate and repeated exposure
of suitable irradiation doses and/or the strategic studies
for combining it with other drugs or treatment modalities
will be needed.

Kobayashi et al*® and others utilized the IR700DX
as the photosensitizer that has photostability, water
solubility, and salt tolerance. In the present study, we
employed a water-soluble anionic dye ICG as the photo-
sensitizer, which is an already approved fluorescence
imaging agent for clinical use by the United States
Food and Drug Administration, since a couple of de-
cades because of its safety!*. Furthermore, the su-
perior features of NIR properties of ICG over other
visible fluorophores, such as less auto-fluorescence,
better tissue penetration, and large stokes shifts that
allow better rejection of excitation light and thus lower
background fluorescence®!, encouraged us to use it
for in vivo NIR imaging and NIT-PIT. NHz-reactive ICG,
that we employed here, can easily form a covalent
bond with an amino group of anti-TF 1849 without any
activation process. Previously, ICG has been reported
to be an effective NIR light absorber for laser-mediated
photodynamic/PTT*¢*], Reindl et a/*”' reported that
ICG absorbs 800-nm NIR light, and nearly 90% of the
absorbed light is converted to heat. Moreover, there were
additional reports about that ICG induces photo-oxidative
cell death mediated by a singlet oxygen™® and heat
generation™", Thus, photothermal effect and oxidative
stress are involved in the mechanisms resulting in the
anti-tumor effect of ICG-NIR therapy. The present study
demonstrated that ICG is useful for PIT, suggesting that
ICG-labeled antibodies are alternative option in addition
to IR700DX-labeled.

In the last few years, with the advantage of tumor
specificity of PIT over PDT, studies on PIT have increased,
and evidences on NIR-PIT-induced immune responses
were being reported™”. The association of PIT and im-
mune response is an interesting topic and needs to be
investigated more extensively. Unfortunately, we could
not include this issue in our present study.

The specific binding of the 1849-ICG conjugate with
inherent fluorescent nature of ICG, which emits the
fluorescence signals in the NIR range, enables using this
conjugate in clinical practice for both anti-tumor PIT and
in situ detection of pancreatic cancer. Thus, in the case
of resectable pancreatic cancer, tumor margins may
be identified by using the intraoperative or endoscopic/
laparoscopic setting of ICG fluorescence imaging tools.
Furthermore, PIT can be concurrently conducted as an
additional therapy to residual tumor tissues. PIT may
also be applied to disseminated peritoneal lesions of
pancreatic cancer with minimal damage to surrounding
healthy normal tissues. Although, the development of
clinically usable devices for endoscopic/laparoscopic
fluorescence imaging and NIR-PIT remain a hurdle, there
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is a possibility to overcome it with advancing software
and hardware technologies.

In conclusion, the current study reveals that
1849-ICG conjugate accumulated in a TF-overexpressing
pancreatic cancer cell and xenografts model BxPC-3.
A single dose of 1849-ICG conjugate administration ac-
companied by NIR light exposure (50 J/cm?) for two con-
secutive days effectively inhibited tumor growth in vivo
without producing any noticeable adverse effects. Taken
together, our results suggest that NIR-PIT employing TF
as a targeting antigen for the 1849-ICG is a promising
new treatment modality for pancreatic cancer with a
useful contemporaneous diagnostic utility, which could be
ultimately applicable in clinical use.

ARTICLE HIGHLIGHTS

Research background

Pancreatic cancer is still one of major life-threatening diseases. Therefore,
there is an urgent need to explore early diagnostic and new therapeutic
options. Near infrared photoimmunotherapy (NIR-PIT) is a highly selective
tumor treatment that utilizes antibody-photosensitizer conjugate systemic
administration, accompanied by subsequent NIR light exposure. Tissue factor
(TF) is a transmembrane protein and its overexpression is associated with
increased tumor growth, tumor angiogenesis and metastatic potential in many
malignancies, including pancreatic cancer.

Research motivation

Previously, we suggested that TF may be a promising target for cancer
diagnostic imaging probe and have already reported the usefulness of anti-TF
monoclonal antibody (anti-TF mAb) in cancer imaging and therapy. However,
NIR-PIT using anti-TF mAb has not been attempted.

Research objectives

In this study, we aim to investigate the photoimmunotherapeutic effect induced
by a rat IgGz anti-TF monoclonal antibody 1849 (anti-TF 1849), conjugated to
the NIR photosensitizer, indocyanine green (ICG), in a TF-expressing BxPC-3
pancreatic cancer model.

Research methods

An ICG-labeled antibody conjugate (1849-ICG) was generated by labeling an
anti-TF 1849 with ICG. The expression levels of TF in two human pancreatic
cancer cell lines were examined by western blotting. Specific binding of the
1849-ICG to BxPC-3 cells was examined by fluorescence microscopy. NIR-
PIT-induced cell death was determined by cell viability imaging assay. In vivo
longitudinal fluorescence imaging was used to explore the accumulation of
1849-ICG conjugate in xenograft tumors. To determine the effect of NIR-PIT,
tumor-bearing mice were divided into 5 groups: (1) 100 pg of 1849-ICG i.v.
administration followed by NIR light exposure (50 J/cm?) on two consecutive
days (Days 1 and 2); (2) NIR light exposure (50 Jicm’) only on two consecutive
days (Days 1 and 2); (3) 100 pg of 1849-ICG i.v. administration; (4) 100 pg
of unlabeled anti-TF 1849 i.v. administration; and (5) the untreated control.
Semiweekly tumor volume measurements, accompanied with histological and
immunohistochemical (IHC) analyses of tumors, were performed 3 d after the
2" irradiation with NIR light to monitor the effect of treatments.

Research results

High TF expression in BxPC-3 cells was observed via western blot analysis,
concordant with the observed preferential binding with intracellular localization
of 1849-ICG via fluorescence microscopy. NIR-PIT-induced cell death was
observed by performing cell viability imaging assay. In contrast to the other test
groups, tumor growth was significantly inhibited by NIR-PIT with a statistically
significant difference in relative tumor volumes (P < 0.05). Tumors that received
NIR-PIT showed evidence of necrotic cell death-associated features upon
hematoxylin-eosin staining accompanied by a decrease in Ki-67-positive cells (a
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cell proliferation marker) by IHC examination.

Research conclusions
The TF-targeted NIR-PIT with the 1849-ICG conjugate can potentially open a
new platform for treatment of TF-expressing pancreatic cancer.

Research perspectives

Because TF-targeted NIR-PIT is a promising new treatment modality with a
useful contemporaneous diagnostic utility, we will approach to apply it in clinical
use. In addition, the association of PIT and immune response is an interesting
topic and we will explore it in the future study.
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Abstract

AIM
To identify the effects and mechanism of action of Poly-
gonatum kingianum (P kingianum) on dyslipidemia in
rats using an integrated untargeted metabolomic me-
thod.

METHODS

A rat model of dyslipidemia was induced with a high-fat
diet (HFD) and rats were given R kingianum [4 g/(kgd)]
intragastrically for 14 wk. Changes in serum and hepatic
lipid parameters were evaluated. Metabolites in serum,
urine and liver samples were profiled using ultra-high
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performance liquid chromatography/mass spectrometry
followed by multivariate statistical analysis to identify po-
tential biomarkers and metabolic pathways.

RESULTS

R kingianum significantly inhibited the HFD-induced in-
crease in total cholesterol and triglyceride in the liver
and serum. A2 kingianum also significantly regulated
metabolites in the analyzed samples toward normal sta-
tus. Nineteen, twenty-four and thirty-eight potential bio-
markers were identified in serum, urine and liver samples,
respectively. These biomarkers involved biosynthesis of
phenylalanine, tyrosine, tryptophan, valine, leucine and
isoleucine, along with metabolism of tryptophan, tyrosine,
phenylalanine, starch, sucrose, glycerophospholipid, ara-
chidonic acid, linoleic acid, nicotinate, nicotinamide and
sphingolipid.

CONCLUSION

R kingianum alleviates HFD-induced dyslipidemia by
regulating many endogenous metabolites in serum, urine
and liver samples. Collectively, our findings suggest that
R kingianum may be a promising lipid regulator to treat
dyslipidemia and associated diseases.

Key words: Dyslipidemia; Lipid regulation; Metabolomics;
Multivariate statistical analysis; Polygonatum kingianum;
Ultra-high performance liquid chromatography/mass
spectrometry

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the effects and the underlying
mechanism of action of Polygonatum kingianum (P
kingianum) on high-fat diet (HFD)-induced dyslipidemia in
rats using an integrated untargeted metabolomic method.
The results indicated that 2 kingianum alleviated HFD-
induced dyslipidemia by regulating a large number of
endogenous metabolites in serum, urine and liver. This
involved phenylalanine, tyrosine, tryptophan, valine,
leucine and isoleucine biosynthesis, and tryptophan,
tyrosine, phenylalanine, starch, sucrose, glycerophos-
pholipid, arachidonic acid, linoleic acid, nicotinate, nicotina-
mide and sphingolipid metabolism. 2 kingianum may be
a promising lipid regulator to remedy dyslipidemia and
further alleviate its related diseases.

Yang XX, Wei JD, Mu JK, Liu X, Dong JC, Zeng LX, Gu W, Li JP,
Yu J. Integrated metabolomic profiling for analysis of antilipidemic
effects of Polygonatum kingianum extract on dyslipidemia in rats.
World J Gastroenterol 2018; 24(48): 5505-5524

URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5505 .htm
DOI: https://dx.doi.org/10.3748/wjg.v24.148.5505

INTRODUCTION

Dyslipidemia is a core characteristic of the metabolic
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syndrome, and is an important risk factor for athero-
sclerosis, coronary heart disease, stroke and other
cardiovascular and cerebrovascular diseases. It is also
closely related to many significant diseases such as
diabetes and nephropathy'™. Dyslipidemia is divided
into two types, referred to as primary and secondary
dyslipidemia. Primary dyslipidemia has a genetic history
and may be caused by congenital enzyme defects.
Secondary dyslipidemia is usually present in patients
with diseases such as diabetes mellitus, hypothyroidism,
nephrotic syndrome, biliary obstruction, pancreatitis,
gout, alcoholism, and various liver disorders™™, The im-
provement in living standards and associated lifestyle
changes have led to dyslipidemia being considered one
of the most important risk factors for metabolic diseases
worldwide™. Therefore, management of dyslipidemia is
of vital importance to prevent and cure a variety of acute
and chronic human diseases.

The commonly used lipid regulators include statins,
fibrates, nicotinic acid and variants, bile acid sequestrants
and inhibitors of cholesterol absorption. These drugs
can be effective for treating dyslipidemia, but have signi-
ficant adverse effect profiles™®. For example, statins may
increase blood glucose concentrations, cause rhabdo-
myolysis or damage the liver and kidneys®.. Traditional
Chinese medicines (TCMs) are one of the world’s oldest
herbal medicines and have been applied extensively by
TCM practitioners for thousands of years'®. TCMs have
an indispensable role in the prevention and treatment of
human diseases, especially those that are complicated
and chronic”’. As a complementary therapy technique
with fewer side effects than Western medicines, TCMs
have been employed widely to regulate lipid metabolic
disorders!®.. Thus, TCMs may serve as the basis for devel-
opment of new lipid-regulating drugs or health products.

Rhizoma polygonati, first recorded in Mingyi Bielu
in 220-450 AD (written by Hong-Jing Tao), has been
used as a TCM and nutritional food for over 2000 years.
Polygonatum kingianum Coll. et Hemsl., Polygonatum
sibiricum Red. and Polygonatum cyrtonema Hua are
described in the Chinese Pharmacopoeia (2015 edition)
as legal sources of Rhizoma polygonati. Polygonatum
kingianum (P. kingianum; Figure 1) is mainly distributed
in the Chinese provinces of Yunnan, Sichuan, Guizhou
and Guangxi. It is mainly comprised of saponins and
polysaccharides, and has pharmacological activities that
include immune system stimulation, anti-aging effects
and blood glucose regulation™”, Our previous research
showed that the total saponins and total polysaccharides
from P. kingianum had blood glucose and lipid regulating
activities™"*?!, However, the lipid-regulating effects of P.
kingianum and the mechanism for these remain unclear.

Metabolomics can comprehensively characterize
small molecule metabolites in biological systems. It can
also provide an overview of metabolic status and global
biochemical events after external stimulation such as
in disease models and after drug treatment!**!. Meta-
bolomics is a novel method in pharmacological and phar-
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Figure 1 Polygonatum kingianum. A: Whole plant photograph of
Polygonatum kingianum (P. kingianum); B: Rhizome of P. kingianum, which
represents the medicinal part of this plant used in this study.

macodynamic studies that is increasingly employed to
assess the therapeutic and toxic effects of herbal TCMs
and TCM prescriptions, and their mechanism of action™*.,

In the present study, we investigated the lipid-regu-
lating effects and the underlying mechanism of action of
P. kingianum on high-fat diet (HFD)-induced dyslipidemia
in rats. An integrated untargeted metabolomic method
was used, which was based on ultra-high performance
liquid chromatography/mass spectrometry (UHPLC/MS)
analysis of serum, urine and liver samples (Figure 2).
The results indicated that P. kingianum alleviated HFD-
induced dyslipidemia by regulating many endogenous
metabolites in serum, urine and liver samples. Taken
together, these findings indicated that P. kingianum may
be a promising lipid regulator to treat dyslipidemia and
further alleviate associated diseases.

MATERIALS AND METHODS

Chemicals, reagents and materials

Kits for quantifying triglyceride (TG) and total cholesterol
(TC) concentrations were purchased from ZhongshengBei
Biotech Co., Ltd. (Beijng, China). Bicinchoninic Acid
(BCA) Protein Determination Kit was obtained from
Beyotime Institute of Biotechnology (Shanghai, China).
Simvastatin was purchased from Hangzhou Merck East
Pharmaceutical Co., Ltd. (Hangzhou, China). HPLC-
grade formic acid and acetonitrile were acquired from
Merck (Darmstadt, Germany). Basal rodent diet (calories
provided from carbohydrates, proteins and fat were
62%, 26% and 12%, respectively) was obtained from
Suzhou Shuangshi Experimental Animal Feed Technology
Co., Ltd. (Suzhou, China). Cholesterol, refined lard, and
eggs were supplied by Beijing Boao Extension Co., Ltd.
(Beijing, China), Sichuan Green Island Co., Ltd. (Chengdu,
China) and Wal-Mart Supermarket (Kunming, China),
respectively. High-purity deionized water was purified
using a Milli-Q system (Millipore, Bedford, MA, United
States). All other reagents were of analytical grade or
higher. The rhizome of P. kingianum was purchased
from Wenshan Shengnong Truebormn Medicinal Materials
Cultivation Cooperation Society (Wenshan, China) on 07
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April 2017. Samples were authenticated by Professor Jie
Yu and a voucher specimen (No. 8426) was deposited
in the Key Laboratory of Preventing Metabolic Diseases
of Traditional Chinese Medicine, Yunnan University of
Traditional Chinese Medicine (Kunming, China).

Preparation of P. kingianum extract

P. kingianum rhizome was processed according to
regulations in the Chinese Pharmacopoeia (2015 edition).
Briefly, fresh P. kingianum rhizome was separated from
fibrous roots, washed, cut into thick slices and dried
at 50 C. The dried materials were then infiltrated in a
5-fold volume of Shaoxing rice wine (Beijing Ershang
Wangzhihe Food Co., Ltd., Beijing, China), and then
placed in a steam sterilizer (LDZX-50 KBS, Shanghai
Shenan Medical Instrument Factory, Shanghai, China)
at 120 °C for 2.5 h. After cooling for 3 h, the steamed
materials were dried at 60 C.

The steamed and dried P. kingianum sample was
pulverized, immersed in a 7-fold volume of water for
30 min and then decocted with water for 60 min. The
filtrates were collected after leaching. The dregs were
decocted successively with a 7-fold volume of water for
a further 60 min, and the extracted liquids filtered. The
two filtrates were then combined and condensed using
an R-210 rotatory evaporator (Blchi Labortechnik AG,
Flawil, Switzerland) under reduced pressure at 50 C.
Finally, the concentrates were lyophilized to a powder
using a FD5-3 freeze dryer (SIM International Group Co.
Ltd., Newark, DE, United States). The obtained sample
powder was stored in a desiccator at room temperature
until use.

Animal experiments

Healthy male Sprague-Dawley rats (200 + 50 g) were
obtained from Dashuo Biotech. Co., Ltd. (Chengdu,
China). They were adjusted to a controlled environment
(22 + 1°C temperature; 60% * 10% humidity; and a
12 h/12 h light/dark cycle) with free access to water and
a commercial laboratory complete food. Experiments
complied with the Guide for the Care and Use of Labora-
tory Animals as published by the United States of
America National Institutes of Health and specifically
approved by the Institutional Ethical Committee on
Animal Care and Experimentations of Yunnan University
of Traditional Chinese Medicine (R-062016003) (Kunming,
China). All reasonable efforts were made to minimize
animal suffering.

After one week of adaptive feeding, rats were
randomized into four groups (n = 5 rats per group):
normal control (normal saline), model (normal saline),
simvastatin [1.8 mg/(kg+d)] and P. kingianum [4
g/(kged)] groups. The simvastatin group served as a
positive control. The rats were given the treatments
intragastrically once a day for 14 consecutive weeks.
Simvastatin and P. kingianum were prepared separately
in normal saline. Dyslipidemia was induced with an HFD
(comprised of 1% cholesterol, 10% refined lard, 10%
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Figure 2 Workflow of the integrated untargeted metabolomic method based on ultra-high performance liquid chromatography/mass spectrometry analysis
of serum, urine and liver samples. UHPLC/MS: Ultra-high performance liquid chromatography/mass spectrometry.

eggs and 79% basic feed) for 14 wk in all groups except
for the normal control group.

Sample collection

To collect urine samples, rats in each experimental group
were housed in metabolic cages for the last three weeks
of the 14 wk of treatment. Samples were collected from
the metabolic cages and transferred immediately into
sterile tubes. After the last administration at week 14,
rats were fasted for 12 h and then anesthetized with
chloral hydrate. Fasting blood was collected from the
hepatic portal vein, and the liver was harvested and
stored at -80 “C until use. Blood samples were allowed to
clot at 4 °C and centrifuged at 10000 g for 10 min, after
which serum was collected and stored at -80 °C until
assayed.

Measurement of lipid parameters in serum and liver

TG and TC concentrations were determined using 100 uL
of serum and 100 pL of liver homogenate supernatant,
in which the protein concentration was measured by BCA
assay. All parameters were evaluated on a SpectraMax
Plus 384 Microplate Reader (Molecular Devices, Sun-
nyvale, CA, United States) using commercially available
diagnostic kits in accordance with the manufacturer’s
instructions.

Sample pre-treatment for UHPLC/MS analysis
Serum samples: Aliquots of serum (200 uL) were
diluted with 600 pL of acetonitrile. After vortex-mixing
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and resting at 4 °C for 20 min, the samples were
centrifuged at 12000 rpm and 4 °C for 15 min. The
collected supernatants were dried under a gentle nitrogen
stream. The obtained residues were re-dissolved in 100
uL of acetonitrile for metabolomics analysis.

Urine samples: Samples were lyophilized to a powder
using a FD5-3 freeze dryer (SIM International Group
Co. Ltd., Newark, DE, United States). The obtained
sample powders were dissolved with 100 uL of water
and then diluted with 300 pL of acetonitrile. After vortex-
mixing and resting at 4 'C for 20 min, the samples were
centrifuged at 12000 rpm and 4 °C for 15 min. The
collected supernatants were dried with a gentle nitrogen
stream. The residues were re-dissolved in 100 pL of
acetonitrile for metabolomics analysis.

Liver samples: Samples were thawed at room tempe-
rature before pre-treatment. Liver tissue (0.2 g) from
each rat was homogenized with 1.0 mL of normal saline
and then diluted with 300 pL of acetonitrile. After vortex-
mixing and resting at 4 'C for 20 min, the samples were
centrifuged at 12000 rpm and 4 °C for 15 min. The
collected supernatants were dried with a gentle nitrogen
stream. The residues were re-dissolved in 100 uL of
acetonitrile for metabolomics analysis.

Conditions of UHPLC/MS analysis
UHPLC/MS analyses were performed on an UHPLC
Dionex Ultimate 3000 system coupled with a Thermo
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Table 1 Body weight and food intake of rats

Normal control Model Simvastatin P. kingianum
Initial body weight (g) 200.87 = 8.83 206.69 * 8.51 205.03 + 6.26 206.72 £ 7.82
Final body weight (g) 49481 +37.43 518.08 * 40.50 487.62 + 30.26 480.14 + 29.91
Body weight gain (g) 293.94 £ 28.61 311.39 £ 31.98 282.59 +24.01 273.42 £22.10
Food intake (g) 15670.81 15042.53 14969.08 14903.86

Values represent the mean + SD from five animals. P. kingianum: Polygonatum kingianum.

Table 2 Effects of Polygonatum kingianum on total cholesterol and triglyceride concentrations in rat serum

Group TC (mmol/L) TG (mmol/L)
Normal group 142 +0.11° 0.91+0.21
Model group 1.56 +0.11° 0.97 £0.22
P. kingianum group 1.43 +£0.13° 0.76 £ 0.13°
Simvastatin group 1.15 £ 0.09™ 0.77 £ 0.09°

Values represent the mean + SD from five animals. *P < 0.05, °P < 0.01 vs the relative normal group. ‘P < 0.05, ‘P < 0.01 vs the relative model group. P.

kingianum: Polygonatum kingianum; TC: Total cholesterol; TG: Triglyceride.

Scientific Q-Exactive TM hybrid quadrupole-orbitrap mass
spectrometer with a heated-electrospray ionization probe
(Thermo Fisher Scientific, San Jose, CA, United States).
The UHPLC system consisted of a quaternary pump,
an auto-sampler with a temperature control function, a
column box, and a photodiode array (PDA) detector.

UHPLC conditions for all samples were: (1) chromato-
graphic column: Thermo C18 column (100 mm x 2.1
mm L.D., 1.9 um); (2) mobile phase: 0.1% formic acid (A)
and acetonitrile (B) with a gradient program (0-3 min,
5% B; 3-5 min, 5% B — 23% B; 5-10 min, 23% B —
43% B; 10-13 min, 43% B — 64% B; 13-16 min, 64%
B — 85% B; 16-18 min, 85% B — 100% B; 18-20 min,
100% B — 100% B); (3) flow rate: 0.2 mL/min; and (4)
sample injection volume: 4 L.

MS conditions for all samples were: (1) flow rate: 0.2
mL/min (split from UPLC effluent); (2) detection mode:
positive and negative ion; (3) heat block and curved
desolvation line temperature: 250 °C; nebulizing nitrogen
gas flow: 1.5 L/min; interface voltage: (+) 3.5 kV, ()
-2.8 kV; (4) mass range: MS, m/z 100-1000; MS® and
MS’, m/z 50-1000; (5) dynamic exclusion time: 10 s;
and (6) workstation: Xcalibar 3.0.63 for liquid chroma-
tography combined with data processing, molecular
prediction, and precise molecular weight calculations.

Statistical analysis

Lipid concentrations in serum and liver are expressed as
the mean = standard deviation (SD). Statistical analyses
were performed using SPSS software (13.0 for Windows;
SPSS, Chicago, IL, United States). Differences between
groups were analyzed by one-way analysis of variance
(ANOVA, Dunnett's method). P < 0.05 (two-tailed) was
considered statistically significant.

All UHPLC/MS raw files were exported in Xcalibur Raw
File (.raw) format and converted to computable docu-
ment format (.cdf) with Xcalibur 2.0 software (Thermo
Fisher Scientific, Waltham, MA, United States). The
converted file was then transferred into XCMS online
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(https://xcmsonline.scripps.edu) to output all data, inclu-
ding groups and comparisons. After that, multivariate
statistical analysis, including principal components ana-
lysis (PCA) and orthogonal partial least squares discri-
minant analysis (OPLS-DA), was performed on SIMCA-P
14.1 software (Umetrics, Umea, Sweden). Potential
biomarkers were selected according to the parameters
of variable importance in the projection (VIP > 1.0) from
OPLS-DA. The metabolites were identified using METLIN
database and compared with data reported previously.
Finally, biochemical reactions involving the identified
metabolites were found through the Kyoto Encyclopedia
of Genes and Genomes (KEGG) in MetaboAnalyst4.0
online (http://www.metaboanalyst.ca).

RESULTS

Effects of HFD and P. kingianum on body weight and
food intake

In the present study, a HFD rat model was used to in-
vestigate the potential effect of P. kingianum on HFD-
mediated dyslipidemia that was induced by admini-
stration of an HFD over a 14-wk period. P. kingianum
extract was administered by oral gavage at s dosage
of 4 g/(kged) during HFD administration. During the
experiment, none of the rats died, and they had healthy-
looking fur, normal drinking habits, moved freely and
rapidly responded to external stimuli. As shown in Table 1,
the HFD slightly increased body weight, but P. kingianum
and simvastatin showed a non-significant effect on body
weight and food intake.

Effects of P, kingianum on lipids in serum and liver
samples from HFD-fed rats

The effects of P. kingianum on lipids in serum and liver
samples were first assessed in a rat model of HFD-
induced dyslipidemia. As shown in Table 2, 14 wk of
HFD feeding resulted in a significant increase in TC
concentration, but had no significant effect on TG con-
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Table 3 Effects of Polygonatum kingianum on total cholesterol and triglyceride concentration in rat liver

Group TC (mmol/gprot) TG (mmol/gprot)
Normal group 0.77 £ 0.19° 1.46 +0.12
Model group 117 +£0.22° 2.83+0.71°
P. kingianum group 0.95 + 0.15° 1.20 + 0.28*
Simvastatin group 0.94 +0.15° 1.37 + 0.43

Values represent the mean + SD from five animals. °P < 0.05, "P < 0.01 vs the relative normal group. ‘P < 0.05, ‘P < 0.01 vs the relative model group. P.

kingianum: Polygonatum kingianum; TC: Total cholesterol; TG: Triglyceride.

centration in serum. These effects were significantly
reduced by simvastatin, which is known to correct
dyslipidemias!*®'. Similar to simvastatin, P. kingianum re-
markably prevented HFD-induced dyslipidemias. Further-
more, Table 3 shows that after 14 wk of HFD feeding,
hepatic TC and TG concentrations were significantly
increased compared with the normal control group.
However, these effects were significantly reduced by P.
kingianum and simvastatin treatment.

Metabolomic profiling of serum, urine and liver samples
Separation conditions of the three samples on the
UHPLC column were optimized in terms of peak number,
peak shape and reproducibility. Figures 3-5 shows
representative total ion current profiles of the positive
and negative ion modes of the four groups in serum,
urine and liver, respectively. A large number of molecules
were profiled by UHPLC/MS in the analyzed samples.
Moreover, there were significant differences in peak
number and intensity between the four groups within
each of the three sample types. This indicated different
metabolomic states in the different groups. Hence, after
14 wk of HFD feeding and administration of P. kingianum
and simvastatin, the metabolites in serum, urine and
liver samples were significantly different.

Multivariate statistical analysis of metabolomic data
PCA and OPLS-DA are frequently used for multivariate
data analysis because of their ability to cope with highly
multivariate, noisy, collinear and possibly incomplete
data. PCA is an unsupervised pattermn recognition method
that is initially used to discern the presence of inherent
similarities in profiles. OPLS-DA is a supervised pattern
recognition approach based on a partial least squares
algorithm that has higher sensitivity for biomarker detec-
tion than other methods.

Serum samples

Figure 6A shows the PCA score plots of serum samples
in positive and negative ion modes. The normal control,
model, simvastatin and P. kingianum groups were lo-
cated in four different regions of the scatter score map.
The four sample sets were basically separated. Additio-
nally, the P. kingianum group was closer to the normal
group than the simvastatin group and partially over-
lapped with the normal group. This indicated that the
composition and concentration of metabolites in the P.
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kingianum group was more similar to the control group.
Thus, P. kingianum treatment remarkably prevented
HFD-induced pathological changes.

OPLS-DA was performed to further verify sample se-
paration from the four groups, to maximize separation
between groups and to identify biomarkers from them
(Figure 6B). The OPLS-DA score plots were described
by the cross-validation parameter, R?Y, and Q?, which
represent the total explained variation for the X matrix
and the predictability of the model, respectively. In posi-
tive and negative ion modes, the four groups were also
significantly separated. The P. kingianum and simvastatin
groups were both close to the control group, which fur-
ther indicated that P. kingianum treatment strongly pre-
vented HFD-induced pathological changes.

To further evaluate the component changes after
treatment, an S-Plot loading diagram was established
based on OPLS-DA. As shown in Figure 6C, each point re-
presents a variable that shows the biomarker that caused
the difference between the model and P. kingianum
groups. The importance of each variable to the classi-
fication was evaluated by the VIP value, with molecules
with a VIP > 1.0 selected as potential biomarkers.

Urine samples

Figure 7A shows the PCA score plots of urine samples in
positive and negative ion modes. The control group was
clearly distinguished from the other three groups, which
overlapped partially. In the negative ion mode, there
were abnormal sets in the control group, which might
be due to individual sample differences that resulted in
outlier sample points being outside the 95% confidence
interval. The model group was significantly different from
the control group. The P. kingianum and simvastatin
groups had a tendency to deviate from the model group,
while the P. kingianum group was closer to the cross than
the simvastatin group. Compared with the model group,
the P. kingianum group had a tendency to approach the
part samples of the control group and deviate from the
part samples of the control group. This was because the
appearance of the outlier sample points seriously affected
the clustering result. In the positive ion mode, outlier
sample points appeared in the control group. The model
group had a tendency to deviate to the left compared
with the control group. The P. kingianum group partially
overlapped with the simvastatin group, but did not
approach the control group. This was considered to be
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Figure 3 Representative total ion current profiles of serum samples in the negative ( I ) and positive (11 ) ion modes. A: Control group; B: Model group; and C:

Polygonatum kingianum group.

related to the outlier sample points of the control group.

Figure 7B shows the OPLS-DA diagrams of urine
samples in positive and negative ion modes. The results
suggested that the samples from all groups were
perfectly separated, and samples in each group were well
clustered. The model group was significantly different
from the control group, indicating that physiological
metabolism in the urine of rats was seriously interfered
with by the HFD. The sample points of the P. kingianum
group showed a tendency to approach the control group,
indicating that HFD-induced changes were relieved after
P. kingianum administration. Figure 7C shows the S-Plot
loading diagram of urine samples and the substances
with a VIP > 1.0 that were selected as biomarkers.

Liver samples
Figure 8A displays the PCA score plots of liver samples
in positive and negative ion modes. In the negative
ion mode, all samples were distributed within the 95%
confidence interval. The control group partially over-
lapped with the model group, which might be due to
the unsupervised pattern recognition of PCA analysis. In
the positive ion mode, there were outlier sample points
in the control group. The P. kingianum group was signi-
ficantly different from the control and model groups, in-
dicating that P. kingianum administration interfered with
metabolism in the rats.

Figure 8B showed the OPLS-DA diagrams of liver
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samples in positive and negative ion modes. The results
suggested that the samples from all groups were per-
fectly separated, and the samples in each group were
well clustered. The P. kingianum group was closer to the
control group than the simvastatin group, which indicated
that P. kingianum had significant effects on metabolomic
changes in the liver. Figure 8C shows the S-Plot loading
diagrams of urine samples and the substances with a VIP
> 1.0 that were selected as biomarkers.

Potential biomarker identification

Nineteen compounds were identified from serum sam-
ples, including four in the negative ion mode and 15 in
the positive ion mode. They were amino acids, carbo-
hydrates and esters (Table 4). There were 24 compounds
identified from urine samples, including seven in the
negative ion mode and 17 in the positive ion mode. They
were amino acids, organic acids and esters (Table 5).
Finally, 38 compounds were identified from liver samples,
including 18 in the negative ion mode and 22 in the
positive ion mode. They were amino acids, organic acids
and esters (Table 6).

Metabolic pathway analysis

Pathways with influence values greater than 0.1 were
selected as the metabolic pathways™®. Pathway impact
plots were built to visualize the impact of altered meta-
bolic pathways (Figure 9A). According to these, the
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Figure 4 Representative total ion current profiles of urine samples in the negative ( I ) and positive (Il ) ion modes. A: Control group; B: Model group; and C:

Polygonatum kingianum group.

major intervening pathways in serum samples involved
phenylalanine, tyrosine, tryptophan, valine, leucine
and isoleucine biosynthesis, and phenylalanine, starch,
sucrose, glycerophospholipid, tryptophan and tyrosine
metabolism (Figure 9A, Table 7). In urine samples, the
major intervening pathway involved arachidonic acid
metabolism (Figure 9B, Table 8). In liver samples, the
major intervening pathways involved phenylalanine, tyro-
sine and tryptophan biosynthesis, and arachidonic acid,
linoleic acid, nicotinate, nicotinamide, sphingolipid, trypto-
phan and tyrosine metabolism (Figure 9C, Table 9).

DISCUSSION

Dyslipidemia is mainly characterized by an increase in
TC and TG concentrations in the serum and/or liver. We
found that HFD feeding resulted in a significant increase
in TC concentration in serum, and in TC and TG concen-
trations in the liver. This indicated that an HFD could
induce hyperlipidemia. P. kingianum extract significantly
inverted these HFD-induced changes, demonstrating that
P. kingianum effectively ameliorated dyslipidemia in HFD-
fed rats. Additionally, due to fundamental differences
in plasma lipoprotein metabolism between rats and hu-
mans, it is valuable to use an optimal pathological model
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to evaluate the lipid-regulating effects of P. kingianum.

Metabolomics has been applied widely to the research
of drug efficacy and the associated mechanism of ac-
tion™”). Currently, the most common samples analyzed
in metabolomics are serum, urine, tissues/organs, feces,
cells and sub-cells. We used serum, urine and liver
samples for metabolomic analysis. The liver is the most
important locus for substance metabolism, and also the
main site for lipid and amino acid metabolism. External
stimuli (e.g. a drug) may cause hepatic metabolites to
change affecting the physiological function of the liver'®..
Serum reflects the overall status of an organism. When
metabolic abnormalities occur in the liver, the metabolites
in blood may change through the blood circulation. Urine
is an important excretion pathway for metabolites and
contains abundant metabolomic information about an
organism. Eleven main metabolic pathways affected
by P. kingianum administration were found in the three
samples, including seven in serum and in the liver, and
one in urine (Figure 10).

Phenylalanine, tyrosine and tryptophan biosynthesis
and metabolism

Amino acids are the body’s raw material for protein syn-
thesis and are catabolic products. They participate in a

5514 December 28, 2018 | Volume 24 | Issue 48 |
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Figure 5 Representative total ion current profiles of liver samples in the negative ( I ) and positive (II) ion modes. A: Control group; B: Model group; and C:

Polygonatum kingianum group.

variety of physiological and pathological processes, and
their concentration often reflects the metabolic status
of the body. In this study, a number of amino acid meta-
bolic pathways were present in the serum and liver sam-
ples, with a decrease in these metabolites, indicating
disordered amino acid metabolism. Dyslipidemia causes
dysfunctional phenylalanine metabolism by inhibiting
conversion of phenylalanine to tyrosine, which in-
creases phenylalanine concentration in the blood. After
P. kingianum administration, we showed decreased
phenylalanine and increased tyrosine content in serum.
Tyrosine is synthesized from phenylalanine and is neces-
sary for synthesizing catecholamine hormones such
as adrenaline (epinephrine). It also plays an important
role in promoting energy metabolism, scavenging free
radicals and relieving fatigue™, Tyrosine undergoes a
series of metabolic reactions to form acetyl-CoA, which
participates in the tricarboxylic acid (TCA) cycle. After
P. kingianum administration, the tyrosine content was
increased, which elevated the acetyl-CoA content and
further accelerated lipid decomposition through the
TCA cycle. Therefore, P. kingianum treatment reduced
phenylalanine production and further increased tyrosine
production by regulating phenylalanine, tyrosine and
tryptophan biosynthesis, and phenylalanine and tyrosine
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metabolism.

Tryptophan, an essential amino acid for humans, has
important functions for regulating lipid metabolism™”.
In addition, tryptophan can be converted to acetyl-
CoA to participate in the TCA cycle. After P. kingianum
administration, the tryptophan content was increased,
which potentiated acetyl-CoA content and accelerated
lipid decomposition. Thus, P. kingianum treatment in-
creased tryptophan content and further relieved the dis-
ordered lipids by regulating tryptophan metabolism.

Valine, leucine and isoleucine biosynthesis
Biosynthesis of valine, leucine and isoleucine was in-
volved in the serum samples. These amino acids can
be broken down into glucose. We found that isoleucine
was decreased by P. kingianum treatment, indicating a
reduction in blood glucose. This affected the oxidation
and decarboxylation of pyruvate, and further reduced
lipid synthesis with glycerol to alleviate the lipid metabolic
disorders.

Starch and sucrose metabolism

Starch and sucrose metabolism was involved in the
serum samples. Glucose is the major energy source
and metabolic intermediate of living cells. Starch is a
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Figure 6 Multivariate statistical analysis of serum samples from model and Polygonatum kingianum groups in the negative ( I ) and positive (1)
ion modes. A: Principal components analysis score plots; B: Orthogonal partial least squares discriminant analysis score plots; C: S-plot loading diagram. PK:
Polygonatum kingianum.

polysaccharide that is composed of several glucose through glycolysis. Pyruvate is converted by oxidation
units. Sucrose is a disaccharide comprised of glucose and decarboxylation to acetyl-CoA, which can be used
and fructose molecules. Both sucrose and starch can be to synthesize fatty acids and further synthesize fat with
broken down into glucose by digestive juice. Glucose  glycerol®. We found that glucose content was reduced
can be degraded to dihydroxyacetone phosphate by after P. kingianum administration, which signified that P.
glycolysis. Dihydroxyacetone phosphate can be reduced kingianum reduced lipid synthesis by regulating starch
to glycerol and can also be converted to pyruvate and sucrose metabolism.
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Figure 7 Multivariate statistical analysis of urine samples from model and Polygonatum kingianum groups in the negative ( I ) and positive (1)

ion modes. A: Principal components analysis score plots; B: Orthogonal partial least squares discriminant analysis score plots; C: S-plot loading diagram. PK:
Polygonatum kingianum.

dylcholine can also disintegrate TGs and cholesterol in
blood and in vascular walls, reducing lipid deposition in
the vessel walls. It has been reported that people who eat
a high-cholesterol diet with added phosphatidylcholine
had lower blood cholesterol concentrations, supporting
a hypolipidemic effect of phosphatidylcholine!®®. Fat
is mainly transported by lipoprotein, while phospha-

Glycerophospholipid metabolism

Glycerophospholipid metabolism was involved in the
serum samples. Phosphatidylcholine is the molecule
from this pathway that was significantly changed after
P. kingianum treatment. It is an important component
of lipoproteins, a precursor of synthetic cholesterol and
it facilitates cholesterol dissolution in bile®®?, Phosphati-
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Figure 8 Multivariate statistical analysis of liver samples from model and Polygonatum kingianum groups in the negative ( I ) and positive (I ) ion modes.
A: Principal components analysis score plots; B: Orthogonal partial least squares discriminant analysis score plots; C: S-plot loading diagram. PK: Polygonatum

Kkingianum.

tidylcholine is a vital substance for lipoprotein syn-
thesis. Increased phosphatidylcholine content leads
to accelerated hepatic lipoprotein synthesis, which
potentiates TG conversion. Thus, insufficient hepatic
phosphatidylcholine synthesis is an important contributor
to fatty liver. We found that the phosphatidylcholine
content was significantly increased after P. kingianum
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treatment, demonstrating that P. kingianum regulated
glycerophospholipid metabolism to relieve dyslipidemia.

Arachidonic acid metabolism

Arachidonic acid metabolism was involved in the urine
and liver samples, and was significantly changed by P.
kingianum treatment. Cell stimulation results in decom-
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Table 4 Potential biomarkers identified from serum samples

Retention time ~ Molecular weight viIP Potential biomarker Formula Change trend
i) 8 Model-PKRP
ESI-

0.928261 215.032 6.26699 2-C-Methyl-D-erythritol 4-phosphate CsHiO7P down
8.30572 245.048 2.59774 Pimpinellin Ci13H100s down
17.7034 327.233 1.53493 3-Methyl-5-pentyl-2-furannonanoic acid CuH=0s down
13.0574 437.291 1.03338 4,4'-Diaponeurosporene CsoHa2 up
ESI+

1.11629 132.102 21.806 Isoleucine CsHisNO2 down
0.997628 132.077 16.0576 3-Guanidinopropanoate C4HoN:zO2 up
1.0913 118.087 14.9589 Aminopentanoic acid C5HuNO:2 up
15.9773 496.338 14.2141 LysoPC(16:0) CuHsNO7P up
21554 166.086 11.8849 L-Phenylalanine CoHuNO:2 down
5.46147 205.097 10.6298 L-Tryptophan CuHi2N202 up
0.9767 203.053 10.4336 a-D-Glucose CeH1206 down
18.5687 400.332 9.59788 Palmitoyl-L-carnitine C2sHssNOs down
1.09687 150.058 9.09347 L-Methionine CsHuNO:S down
1.10844 182.081 8.07313 L-Tyrosine CoyHuNOs up
5.6576 202.086 6.72953 2'-Aminobiphenyl-2,3-diol C2HuNO:2 down
6.83329 160.096 6.65796 4-Hydroxystachydrine C7HisNOs up
0.960596 140.068 6.04106 Pentanoic acid CsHuNO: down
15.0993 478.306 1.00334 1-Oleoyl lysophosphatidic acid CaHaOP down
10.4394 288.216 2.12052 L-Octanoylcarnitine Ci1sHNOs down

VIP: Variable importance in the projection.

Table 5 Potential biomarkers identified from urine samples

Retention time ~ Molecular weight VIP Potential biomarker Formula Change trend
i) Ln) Model-PKRP
ESI-

9.00895 213.113 1.42124 2,2'-(3-Methylcyclohexane-1,1-diyl) diacetic acid CuHisOx up
3.93717 218.103 1.32234 Pantothenic acid CoH7NOs up
14.0675 265.148 1.35019 Cumanin Ci5H20: up
1.11379 254.981 1.3057 Ascorbate-2-sulfate CsHsO9S down
0.990052 308.099 1.2533 N-Acetylneuraminic acid CuHisNOy down
3.03597 365.135 1.15211 Tetrahydropentoxyline CiyH2N207 down
17.8994 303.233 1.12374 Arachidonic acid C20H302 up
ESI+

8.40988 173117 1.51559 4-Hydroxynonenoic acid CoH1603 up
6.14752 172.007 1.50165 L-Homocysteine sulfonic acid CHINOsS2 up
10.4959 187.126 1.47714 1-Phenyl-5-propyl-1H-pyrazole Ci2HusN2 up
8.40656 155.106 1.46075 4-Oxo-2-nonenal CoH102 up
8.2458 190.115 1.44948 N6-Carbamoyl-DL-lysine C7H1sNs0s up
1.89902 213.123 1.39163 Butethal Ci7H2N207 up
13.7859 256.263 1.38483 Palmitic amide CisHNO up
6.67969 172.097 1.34087 (3-Methylcrotonyl)glycine methyl ester CsHisNOs up
17.9836 315.252 1.33499 9,10-DiIHOME Ci1sH30s up
3.91979 220.118 1.30061 Pantothenic acid CoHi7NOs up
7.08734 192.066 1.26102 5-Hydroxyindoleacetic acid C10HoNOs up
0.839605 146.165 1.24838 Spermidine C/HuNs up
0.924092 170.093 1.24502 1-Methylhistidine C7HnN:zO2 up
1.09509 189.123 1.23644 N-Alpha-acetyllysine CsHi6N20s up
9.40433 139.112 1.20585 2-Pentylfuran CoH1O up
7.33104 143.107 1.20454 2-Octenoic acid CsHuO2 up
3.91714 222122 1.19506 Vinyl-L-NIO CoH17NzO2 up

VIP: Variable importance in the projection.

position of arachidonic acid into a free form by phospho- Arachidonic acid closely relates to development of hyper-
lipase A2, with subsequent release into cytosol. The free lipidemia. In addition to effectively reducing blood lipids,
form produces hundreds of bioactive metabolites by a it also decreases malondialdehyde. The latter reflects
series of metabolic enzymes. These metabolites have the degree of lipid peroxidation in tissue cells, indica-
important regulatory effects on lipoprotein metabolism. ting that arachidonic acid inhibits lipid peroxidation. Our
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Table 6 Potential biomarkers identified from liver samples

Retention time Molecular weight VIP Potential biomarker Formula Change trend
iy ey Model-PKRP
ESI-

3.95787 218.103 9.02621 Pantothenic acid CoH7NOs up
5.52016 203.082 5117538 L-Tryptophan CuHuN202 up
17.9144 303.232 2.67441 Arachidonic acid C0H302 up
8.18557 241.073 2.08795 Lumichrome C12H10N4O2 down
17.6944 327.233 2.03102 Docosahexaenoic acid C2H3202 down
9.27129 201.112 1.77891 Sebacic acid C10H180+4 down
18.1942 279.232 1.75755 Linoleic acid CisH202 up
11.3188 464.302 1.75082 Glycocholic acid C2sHNOs down
13.9455 313.24 1.66517 9,10-DiIHOME Ci1sH301 down
15.9588 319.227 1.58662 16R-HETE C0H30s up
7.08734 353.234 1.56066 PGE1 C0H30s up
10.8984 227.128 1.45155 Traumatic acid C12H200: down
2.5168 251.079 1.41613 Deoxyinosine CoH12N4O1 down
11.4285 221.081 1.39399 Apiole C2HuO: down
16.2815 339.199 1.28069 Canrenone C2H250s down
11.4127 351.219 1.14883 PGE2 C20H305 up
15.6357 343.228 1.0584 Medroxyprogesterone C2H20s down
19.0468 281.249 1.03242 Ethyl palmitoleate CisHa02 down
ESI+

5.58168 205.097 25.6421 L-Tryptophan CuHiN202 up
1.12985 123.055 23.4569 Niacinamide CsHsN20O up
3.94534 220.118 15.5283 Pantothenic acid CoHi7NOs down
1.07398 244.092 13.5445 Cytarabine CoHi13N:05 down
1.65458 182.081 12.3842 L-Tyrosine CoHuNOs up
0.901697 132.077 8.82297 3-Guanidinopropanoate C4HoNsO2 down
0.990524 203.053 8.06945 L-(+)-Gulose CeH1206 down
2.07851 269.088 7.66822 Inosine C10oH12N4Os down
15.0942 302.305 7.59274 Sphinganine CisHxNO: down
1.48196 153.04 7.1939%4 Xanthine CsHiaN4O2 down
6.38205 130.159 6.90221 Octylamine CsHuN down
1.21181 150.058 6.25979 L-Methionine CsHuNO:=S down
0.83538 146.165 6.24439 Spermidine C7HwN3 down
2.90983 285.083 5.64503 Xanthosine Ci0H12N4Os down
1.64612 165.055 5.16323 m-Coumaric acid CoHsOs down
11.3366 181.122 4.58665 Dihydroactinidiolide CuHi6O2 down
1.14382 204.123 4.29542 Succinylmonocholine CoHi7NO: down
2.20661 218.139 4.21655 Propionyl-L-carnitine C10H19NOs4 down
5.73361 114.092 3.42289 e-Caprolactam CsHuNO down
17.9613 305.248 1.8771 Arachidonic acid CoH302 up
13.2435 299.201 1.60893 Norethindrone C20H2602 down
11.7171 181.122 1.58994 Dihydroactinidiolide CuHi602 down

VIP: Variable importance in the projection.
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-log(p)

._.
o

i I i I i
00 02 04 06 08 1.0 0.00 0.05 0.10 0.15 0.20 0.25 0.30

Pathway impact Pathway impact Pathway impact

Figure 9 Analysis of metabolic pathways in serum (A), urine (B) and liver (C) samples. a: Phenylalanine, tyrosine and tryptophan biosynthesis; b: Phenylalanine
metabolism; c: Valine, leucine and isoleucine biosynthesis; d: Starch and sucrose metabolism; e: Glycerophospholipid metabolism; f: Tryptophan metabolism;
g: Tyrosine metabolism; h: Arachidonic acid metabolism; i: Arachidonic acid metabolism; j: Phenylalanine, tyrosine and tryptophan biosynthesis; k: Linoleic acid
metabolism; I: Nicotinate and nicotinamide metabolism; m: Sphingolipid metabolism; n: Tryptophan metabolism; and o: Tyrosine metabolism.
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Table 7 Results of metabolic pathway analysis of serum samples

No. Pathway Match status P value Impact Details
1 Phenylalanine, tyrosine and tryptophan biosynthesis 2/4 8.19E-04 1.0 KEGG
2 Phenylalanine metabolism 2/9 0.0047415 0.40741 KEGG
3 Valine, leucine and isoleucine biosynthesis 1/11 0.126 0.33333 KEGG
4 Starch and sucrose metabolism 1/23 0.24635 0.18783 KEGG
5 Glycerophospholipid metabolism 1/30 0.30916 0.19753 KEGG
6 Tryptophan metabolism 1/41 0.39801 0.15684 KEGG
7 Tyrosine metabolism 1/42 0.40552 0.14045 KEGG

KEGG: Kyoto Encyclopedia of Genes and Genomes.

Table 8 Results of metabolic pathway analysis in urine samples

No.

Pathway

Match status

P value

Impact

Details

1 Arachidonic acid metabolism

1/36

0.20927

0.32601

KEGG

KEGG: Kyoto Encyclopedia of Genes and Genomes.

Table 9 Results of metabolic pathway analysis in liver samples

No. Pathway Match status P value Impact Details
1 Arachidonic acid metabolism 3/36 0.042685 0.34677 KEGG
2 Phenylalanine, tyrosine and tryptophan biosynthesis 1/4 0.085643 0.5 KEGG
3 Linoleic acid metabolism 1/5 0.10592 1.0 KEGG
4 Nicotinate and nicotinamide metabolism 1/13 0.25318 0.2381 KEGG
5 Sphingolipid metabolism 1/21 0.37685 0.14286 KEGG
6 Tryptophan metabolism 1/41 0.60553 0.15684 KEGG
7 Tyrosine metabolism 1/42 0.61452 0.14045 KEGG
KEGG: Kyoto Encyclopedia of Genes and Genomes.
A B
L-K i C
Phenylpyruvate ynurenine
2-(a-Hydroxyethyl) thiamine ~ 3-Methyl-2- LIsoleudi
diphosphate oxovaleric acide -isoleucine
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L-Tyrosine Pyruvate Phospholipid F
/ l 16R-HETE
Starch —» Alpha-D-Glucose Acetyl-CoA <—| Phosphatidylcholine|<| Arachidonic acid
AW l A PGE2
Sucrose Galactos 12,13-EpOMEoline
l Linoleic acld —__,. 9,10-Epoxyoctadecenoic acid
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I NADP H
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Figure 10 Metabolic pathway map of potential biomarkers. The red and blue font represents potential biomarkers that were up- and down-regulated by
Polygonatum kingianum treatment, respectively. The blue, black and green box represents amino acid, sugar and lipid metabolism, respectively. A: Phenylalanine,
tyrosine and tryptophan biosynthesis, and phenylalanine and tyrosine metabolism; B: Tryptophan metabolism; C: Valine, leucine and isoleucine biosynthesis; D:
Starch and sucrose metabolism; E: Glycerophospholipid metabolism; F: Arachidonic acid metabolism; G: Linoleic acid metabolism; H: Nicotinate and nicotinamide

l

1-Methylnicotinamide

metabolism; and I: Sphingolipid metabolism. TCA: Tricarboxylic acid.
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results showed increased arachidonic acid in the urine
and liver samples after P. kingianum treatment. Thus,
P. kingianum regulated arachidonic acid metabolism to
alleviate dyslipidemia.

Linoleic acid metabolism

Linoleic acid metabolism was involved in the liver sam-
ples, and linoleic acid was significantly altered with P.
kingianum treatment. Previous studies found that linoleic
acid accelerated fatty acid oxidation and glucose decom-
position. Moreover, increased linoleic acid concentrations
promoted proliferation and differentiation of fatty cells®®".
We found linoleic acid content to be significantly in-
creased after P. kingianum administration, suggesting
that P. kingianum regulated linoleic acid metabolism.

Niacin and nicotinamide metabolism

Niacin and nicotinamide metabolism was involved in the
liver samples. Nicotinamide was the molecule from this
pathway that was significantly altered by P. kingianum
treatment. Nicotinamide is a metabolite produced by
amidation of niacin. Niacin reduces synthesis of low den-
sity lipoprotein cholesterol, TC and TG, and increases
synthesis of high density lipoprotein cholesterol. This
indicates that niacin regulates lipid metabolism®. Our
results showed that niacinamide content was increased
by P. kingianum treatment. This suggests that P.
kingianum increases niacin to alleviate dyslipidemia by
regulating hepatic niacin and nicotinamide metabolism.

Sphingolipid metabolism

Sphingolipid metabolism was involved in the liver sam-
ples. Sphingolipids regulate important cellular functions,
with metabolic abnormalities in these lipids closely related
to various diseases. Previous studies found that obese
individuals have disordered sphingolipid metabolism,
which appears as accumulation of sphingolipids (e.g.,
ceramide) in tissues and blood™®*”, Sphingolipids can be
metabolized to sphingosine. In our study, sphingosine
content was decreased after P. kingianum treatment,
suggesting that P. kingianum might decrease sphingolipid
content to alleviate dyslipidemia by regulating hepatic
sphingolipid metabolism.

Conclusion

Taken together, our data indicated that P. kingianum
extract alleviated HFD-induced dyslipidemia by
regulating a large number of endogenous metabolites
in serum, urine and liver. This involved phenylalanine,
tyrosine, tryptophan, valine, leucine and isoleucine
biosynthesis, and tryptophan, tyrosine, phenylalanine,
starch, sucrose, glycerophospholipid, arachidonic acid,
linoleic acid, nicotinate, nicotinamide and sphingolipid
metabolism. Thus, P. kingianum may be a promising
lipid regulator to remedy dyslipidemia and further
alleviate its related diseases.
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ARTICLE HIGHLIGHTS

Research background

Dyslipidemia is an important risk factor for many vicious diseases such as
diabetes and cardiovascular disease. Developing dyslipidemia regulators from
traditional Chinese medicines (TCMs) to remedy lipid disorders represents
attractive strategies for disease therapy. In China, Polygonatum kingianum (P.
kingianum) has been used as an herb and nutritional food for centuries. Known
pharmacological activities of P. kingianum include immune system stimulation,
anti-aging effects and blood glucose regulation.

Research motivation
To date, studies on the effects of P. kingianum on dyslipidemia and the
mechanism for these effects have not been investigated.

Research objectives
We aimed to identify the effects and mechanism of action of P. kingianum on
dyslipidemia using an integrated untargeted metabolomic method.

Research methods

A rat model of dyslipidemia was induced with a high-fat diet (HFD) and rats
were given P, kingianum [4 g/(kgeday)] intragastrically for 14 wk. Changes in
serum and hepatic lipid parameters were evaluated. Metabolites in serum,
urine and liver samples were profiled using ultra-high performance liquid
chromatography/mass spectrometry followed by multivariate statistical analysis
to identify potential biomarkers and metabolic pathways.

Research results

P. kingianum significantly inhibited the HFD-induced increase in total cholesterol
and low density lipoprotein cholesterol in serum, and total cholesterol and
triglyceride in the liver. P. kingianum also reduced hepatic high density
lipoprotein cholesterol. P. kingianum significantly regulated metabolites in the
analyzed samples toward normal status. Nineteen, twenty-four and thirty-
eight potential biomarkers were identified in serum, urine and liver samples,
respectively. These biomarkers involved 11 main metabolic pathways, including
seven in serum and in the liver, and one in urine.

Research conclusions

P. kingianum alleviated HFD-induced dyslipidemia by regulating many
endogenous metabolites in serum, urine and liver samples. This involved
phenylalanine, tyrosine, tryptophan, valine, leucine and isoleucine biosynthesis,
and tryptophan, tyrosine, phenylalanine, starch, sucrose, glycerophospholipid,
arachidonic acid, linoleic acid, nicotinate, nicotinamide and sphingolipid
metabolism.

Research perspectives
P. kingianum may be a promising lipid regulator to treat dyslipidemia and
associated diseases.
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Abstract

BACKGROUND

Given the shortage of suitable liver grafts for liver trans-
plantation, proper use of hepatitis B core antibody-positive
livers might be a possible way to enlarge the donor
pool and to save patients with end-stage liver diseases.
However, the safety of hepatitis B virus core antibody
positive (HBcAb™) donors has been controversial. Initial
studies were mainly conducted overseas with relatively
small numbers of HBcAb® liver recipients, and there are
few relevant reports in the population of mainland China.
We hypothesized that the safety of HBcAb™ liver grafts is
not suboptimal.

AIM

To evaluate the safety of using hepatitis B virus (HBV)
core antibody-positive donors for liver transplantation in
Chinese patients.
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METHODS

We conducted a retrospective study enrolling 1071
patients who underwent liver transplantation consecutively
from 2005 to 2016 at West China Hospital Liver Trans-
plantation Center. Given the imbalance in several baseline
variables, propensity score matching was used, and the
outcomes of all recipients were reviewed in this study.

RESULTS

In the whole population, 230 patients received HBcAb*
and 841 patients received HBcAb negative (HBcAb) liver
grafts. The 1-, 3- and 5-year survival rates in patients
and grafts between the two groups were similar (patient
survival: 85.8% vs 87.2%, 77.4% vs 81.1%, 72.4% vs
76.7%, log-rank test, 7 = 0.16; graft survival: 83.2%
vs 83.6%, 73.8% vs 75.9%, 70.8% vs 74.4%, log-rank
test, P = 0.19). After propensity score matching, 210
pairs of patients were generated. The corresponding 1-,
3- and 5-year patient and graft survival rates showed no
significant differences. Further studies illustrated that the
post-transplant major complication rates and liver function
recovery after surgery were also similar. In addition,
multivariate regression analysis in the original cohort and
propensity score-matched Cox analysis demonstrated that
receiving HBcAb® liver grafts was not a significant risk
factor for long-term survival. These findings were consis-
tent in both HBV surface antigen-positive (HBsAg") and
HBsAg negative (HBsAQ') patients.

Newly diagnosed HBV infection had a relatively higher
incidence in HBsAg patients with HBcAb" liver grafts
(13.23%), in which HBV naive recipients suffered most
(31.82%), although this difference did not affect patient
and graft survival (P = 0.50 and P = 0.49, respectively).
Recipients with a high HBV surface antibody (anti-HBs)
titer (more than 100 IU/L) before transplantation and
antiviral prophylaxis with nucleos(t)ide antiviral agents
post-operation, such as nucleos(t)ide antiviral agents, had
lower de novo HBV infection risks.

CONCLUSION

HBCAb" liver grafts do not affect the long-term outcome
of the recipients. Combined with proper postoperative
antiviral prophylaxis, utilization of HBcAb* grafts is rational
and feasible.

Key words: Liver transplantation; Long-term outcome;
Hepatitis B core antibody; Hepatitis B virus infection

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Considering the shortage of suitable liver grafts
for liver transplantation, using hepatitis B virus core
antibody positive (HBcAb®) livers might be a possible
way to enlarge the donor pool. However, the safety is
controversial and not widely evaluated in Chinese patients.
Our retrospective study enrolling 1071 patients found
that HBcAb™ grafts did not affect the long-term outcome.
Although post-transplant hepatitis B virus (HBV) infection
had a relatively higher incidence in HBV surface antigen-
negative patients with such grafts, it did not affect patient
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and graft survival. We also found that sufficient anti-HBs
titers in recipients might be a protective factor against de
novo HBV infection. Combined with proper postoperative
antiviral prophylaxis, utilization of HBcAb" grafts is
feasible.

Lei M, Yan LN, Yang JY, Wen TF, Li B, Wang WT, Wu H, Xu
MQ, Chen ZY, Wei YG. Safety of hepatitis B virus core antibody-
positive grafts in liver transplantation: A single-center experience
in China. World J Gastroenterol 2018; 24(48): 5525-5536

URL: https://www.wjgnet.com/1007-9327/full/v24/i148/5525 htm
DOI: https://dx.doi.org/10.3748/wjg.v24.148.5525

INTRODUCTION

At present, liver transplantation is the only curative
method for end-stage liver diseases. However, the limited
organs available cannot meet the liver graft demand in
Chinese patients. The shortage has promoted the enlarge-
ment of the donor pool, and accepting non-optimal livers
offers a possibility to solve this troubling problem™?.
China is an area of high-intermediate hepatitis B virus
(HBV) endemicity, with a prevalence of HBV infection
close to 8%, and studies report that the number
of HBV core antibody positive (HBcAb*) liver grafts is
up to 50% of the door pool®®.. However, liver grafts
from HBcAb* donors carry the potential risk of HBV
transmission, which limits the further use of such grafts,
especially for patients naive for HBV infection™®. Indeed,
several studies have found HBV covalently closed circular
DNA (cccDNA) in some HBsAg™ & HBcAb™ liver grafts®”
and further verified the association between serum anti-
HBc levels and intra-hepatic HBV cccDNAMY., Thus, it is
suggested that post-transplantation immunosuppression
could trigger cccDNA and enhance its replication™?.
Additionally, early reports have confirmed the risk of
post-transplantation HBV infection in HBcAb® liver graft
recipients to be between 33% to 100%" %,
However, the lack of a larger study population
the wide variation in postoperative antiviral prophy-
laxis'”?°?#*?*] and the clinical characteristics of the
patients resulted in the availability of vague information
concerning the risk of post-transplantation HBV infection
in HBcAb* liver graft recipients. Moreover, the outcome
of recipients receiving HBcAb* liver grafts has been
discussed in previous studies with contradictory results.
The survival rate of recipients with HBcAb* donors was
lower than that of recipients with anti-HBc negative
donors in two United States studies®** in 1997 and
was confirmed in another investigation 5 years later'®!,
However, in a similar Spanish study, the difference in
survival was not statistically significant (68% vs 76%,
P > 0.05)*, And a UNOS-based study conducted in
2009"” found that HBsAQ™ recipients receiving HBcAb*
liver grafts had a significantly worse unadjusted graft
survival, but the difference disappeared in multivariable

[18-22]
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analysis. Furthermore, studies concerning the risk of post-
transplantation HBV infection and the long-term graft
and patient survival in HBcAb" liver graft recipients were
mainly conducted overseas, and there are few relevant
reports on the population of mainland China. Herein, we
conducted a retrospective study enrolling 1071 patients
who consecutively underwent liver transplantation from
2005 to 2016 in the Chinese population and aimed to
evaluate the safety of utilization of HBcAb" liver grafts in
a relatively large number of patients.

MATERIALS AND METHODS

Patients and data collection

This retrospective study concerns 1112 Chinese patients
who consecutively underwent liver transplantation from
2005 to 2016 performed at the West China Hospital Liver
Transplantation Center. Re-transplantation and multi-
organ transplantation were excluded. We also did not
include liver transplantations using HBV surface antigen-
positive (HBsAg") and HCV-positive donors. All liver
grafts were voluntarily donated after cardiac death or by
living donors, and all donations were approved by the
West China Hospital Ethics Committee in accordance with
the ethical principles of the 1975 Declaration of Helsinki.
Written informed consent was given by all participants,
and those receiving HBcAb" liver grafts were fully in-
formed of the possible risks before transplantation. Basic
information of liver transplantations, the outcome and
follow-up results were derived from The China Liver Trans-
plant Registry.

Post-transplant therapy

Antiviral prophylaxis was given to all HBV-positive
recipients, consisting of hepatitis B immunoglobulin
(HBIG) and/or lamivudine or entecavir. A dosage of
2000 IU HBIG was intramuscularly injected during the
anhepatic phase, followed by 800 IU intramuscularly
daily for the first week, and then weekly for 3 wk, and
monthly thereafter®>%, These patients maintained HBV
prophylaxis indefinitely.

In HBV-negative recipients, considering that there
were no practice guidelines on prophylaxis of de novo
hepatitis B in China until 2016*", the post-transplant
antiviral prophylaxis varied from different periods. Gene-
rally, HBIG was administered to all patients the same way
as in HBV-positive recipients, but the lasting time varied
from 1-6 mo. Eighteen patients additionally received
nucleos(t)ide analogue reverse transcriptase inhibitors
(nRTI) including lamivudine (used in 15 patients), teno-
fovir (used in 1 patient) and entecavir (used in 2 pa-
tients).

The immunosuppressive therapy followed standard
protocols, consisting of corticosteroids, tacrolimus and
mycophenolate (1.0 g/d to 1.5 g/d) according to our
previous report®?. Methylprednisolone was started at a
dose of 200 mg daily and was generally withdrawn within
3 mo. Tacrolimus was started at a dose of 0.05-0.10

WIJG | https:/ /www.wjgnet.com

JRaishideng®

Lei M et a/. HBcAb* grafts in liver transplantation

mg/kg per day and was adjusted on the basis of liver
function and trough concentration™?.

Post-transplant follow-up monitoring

All recipients were followed until June 2018 or until
death or withdrawal. Patients were monitored regularly
after liver transplantation, including clinical, biochemical
and virological testing. Ultrasound examination was
conducted every day for 2 wk after the operation and
every month after discharge, with computed tomography
performed every half a year™.

Definitions of some clinical terms
HBV DNA > 100 copies/mL was detectable. Recurrence
of HBV infection was defined as a detectable serum
HBsAg and/or viral load (HBV DNA) in patients who were
HBsAg positive at the time of transplantation, and de
novo HBV infection was defined as a detectable serum
HBsAg and/or viral load (HBV DNA) in patients without
positive serum HBsAg or viral load before transplantation.
Primary non-function was defined according to cri-
teria described by Ploeg et a®** as a graft with poor
initial function requiring re-transplantation or leading to
death within 7 d after the primary procedure without any
identifiable cause of graft failure®". Acute rejection was
defined either by liver biopsy or recovery of liver function
via high-dose methylprednisolone therapy®?. If chronic
rejection was suspected, liver biopsy was performed for
confirmation®.

Statistical analysis

Since some continuous covariates presented significant
differences from the normal distribution, they are shown
as medians and first and third quartiles. Categorical
variables are described as absolute numbers and relative
frequencies. For continuous variables, either the Mann-
Whitney U-test or Student’s-t test were performed, and
the differences between rates were tested using the Chi
square test or Fisher’s exact test, if appropriate. The
Kaplan-Meier method with log-rank test was used for
cumulative survival analysis. Independent prognostic
factors were identified using multivariate analysis based
on the Cox proportional hazards model. The assumption
for proportional hazard was evaluated using scaled
Schoenfeld residuals.

Given the differences in the baseline characteristics
between the two groups (Table 1), propensity score
matching was used to balance out selection bias and
potential confounding between the two groups®®, Propen-
sity scores were estimated using a non-parsimonious
multivariable logistic regression model, which included all
covariates that might have affected patient assignment
to different groups. A nearest-neighbor 1:1 matching
scheme with a caliper width of 0.1 was used for pro-
pensity score matching™®. Statistical inference was
performed in the matched cohort with the use of a Cox
proportional-hazards regression model stratified on the
matched pair to preserve the benefit of matching™®.
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Table 1 Baseline clinical data between hepatitis B virus core antibody positive and hepatitis B virus core antibody negative liver

graft recipients

Factor Before propensity matching After propensity matching
HBcAb* HBcAb P value HBcAb* HBcAb P value
(n = 230) (n = 841) (n = 210) (n = 210)

Baseline characteristic
Gender (male) 77.4% (178) 80.10% (674) 0.36 80.5% (169) 79.5% (167) 0.90
Age (yr) 41.03 £15.58 42.04 £15.19 0.63 40.67 £ 16.57 40.55 + 15.47 0.94
BMI 22.1(19.7-24.2) 22.0 (19.8-24.4) 0.54 22.4 (19.7-24.4) 22.2 (19.7-24.2) 0.8
MELD 13.0 (9.0-21.0) 13.0 (9.0-20.0) 0.62 14.5 (10.0-20.8) 13.0 (9.0-20.0) 0.25
CTP 9.0 (7.0-11.0) 8.0 (7.0-10.0) <0.01 9.0 (7.0-11.0) 9.0 (7.0-11.0) 0.14
Creatinine (umol/L) 67.0 (53.1-81.9) 71.9 (59.3-85.3) <0.01 68.4 (55.9-82.6) 67.5 (53.6-82.4) 0.36
Total bilirubin (umol/L) 43.2 (18.8-198.3) 37.8 (18.9-139.9) 031 51.2(22.8-201.9)  40.2 (18.6-195.0) 0.20
Albumin (g/L) 35.4 (30.9-40.5) 34.6 (30.1-40.1) 0.11 33.8 (30.1-40.1) 35.4 (31.1-41.3) 0.06
HBV-positive 64.78% (149) 77.28% (650) <0.01 62.9% (132) 69.0% (145) 0.18
HCV-positive 1.3% (3) 7.4% (62) <0.01 0.95% (2) 3.33% (7) 0.18

Etiology
Liver cancer 48.26% (111) 46.13% (388) 057 43.3% (91) 49.5% (104) 0.20
Acute liver failure 11.30% (26) 4.99% (42) <0.01 8.57% (18) 11.4% (24) 0.32
Cirrhosis
Biliary 9.13% (21) 7.84% (66) 0.53 8.57% (18) 9.05% (19) 0.86
HBV related 49.13% (113) 55.41% (466) 0.09 56.19% (118) 54.76% (15) 0.76
HCV related 0.86% (2) 1.90% (16) 0.28 0.95% (2) 2.38% (5) 0.45
Alcoholic 2.17% (5) 3.21% (27) 0.41 1.90% (4) 0.95% (2) 0.69
Autoimmune 1.74% (4) 1.07% (9) 0.41 0.95% (2) 0.95% (2) 1.00

Donor
Gender (male) 74.35% (171) 79.30% (666) 0.12 61.4% (129) 61.9% (130) 0.92
Age 41.28 £13.01 33.66 £10.16 <0.01 39.08 £ 10.59 40.82 £12.36 0.12
BMI 22.7 (20.8-24.6) 222 (20.8-23.9) 0.06 22.8 (21.4-24.8) 22.6 (20.8-24.5) 0.37
Serum Na“ (mmol/L) 143.0 (140.1-153.6) 139.9 (136.2-142.7) <0.01 141.6 (138.5-143.9)  141.9 (140.0-153.5) 0.23
Creatinine (umol/L) 73.1 (54.5-98.5) 74.6 (62.8-84.6) <0.01 75.3 (63.0-88.5) 74.4 (54.0-95.6) 0.39
Total bilirubin (umol/L) 13.8 (9.4-18.9) 15.1 (10.2-23.3) 0.05 14.9 (10.1-21.7) 13.8 (9.4-18.7) 0.25
Albumin (g/L) 40.3 (32.6-45.3) 419 (36.2-46.6) 0.06 421 (36.2-46.7) 41.8 (34.9-46.0) 0.12
ALT (IU/L) 23.0 (16.0-45.0) 28.0 (16.0-47.0) 0.32 27.0 (17.8-46.2) 26.0 (16.0-43.0) 0.10
AST (IU/L) 27.0 (20.8-42.0) 26.0 (18.0-39.0) 0.15 27.0 (19.0-39.8) 27.5 (20.0-47.0) 0.12
Cold ischemic time (h) 5.0 (3.2-7.8) 6.0 (5.0-10.0) 0.05 5.5 (4.0-8.0) 5.5 (3.0-7.0) 0.11
Warm ischemic time (min) 6.0 (3.0-9.0) 45 (2.0-6.5) 0.05 6.0 (3.0-10.0) 5.0 (3.0-7.0) 0.08

Data are shown as the mean + SD or medians with 25"-75" interquartile ranges when presenting significant differences from the normal distribution. For

continuous variables, either the Mann-Whitney U-test or Student’s-t test was performed, and the differences between rates were tested by Chi square test or
Fisher exact test, if appropriate. CTP: Child-Pugh score; ALT: Glutamic-pyruvic transaminase; AST: Glutamic oxaloacetic transaminase; MELD: Model for

end-stage liver disease.
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Figure 1 Flow diagram showing the allocation of hepatitis B virus core
antibody positive liver grafts and hepatitis B virus surface antigen status
in the whole cohort.

Analyses were further performed on the basis of HBsAg
status of the recipients (HBsAg* and HBsAg recipients).
Propensity score matching was also conducted in HBsAg*
and HBsAg' cohorts. The statistical methods of this study
were reviewed by Jia-Wei Luo from West China School of
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Public Health, Sichuan University.

All reported P-values are two-sided, and P-values less
than 0.05 were considered statistically significant. All
data were analyzed using SPSS22.0 (IBM Corporation,
Armonk, NY, United States) and R statistical software,
version 2.3.15 (R Foundation, Inc.; http://cran.r-project.

org/).

RESULTS

Study population and clinical characteristics
From 2005 to 2016, 1071 liver transplantation patients
met our inclusion criteria, of which 230 patients received
HBcAb* liver grafts and 841 patients received HBcAb
liver grafts. The median following time was 48.72 + 33.37
mo (range from 0.1 to 128.1 mo). In these patients, 799
were HBsAg® (149 receiving HBcAb® liver grafts and 650
receiving HBcAb' liver grafts), and 272 were HBsAg (81
receiving HBcAb™ liver grafts and 191 receiving HBcAb®
liver grafts) at the time of transplantation. A flow diagram
of patient disposition is shown in Figure 1.

The dlinical data of the recipients and donors between
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Figure 2 Patient survival and graft survival analysis of anti-hepatitis B core positive liver graft recipients and anti-hepatitis B core negative liver graft
recipients. A: Patient survival in original cohort (n = 1071); B: Graft survival in original cohort (n = 1071); C: Patient survival in propensity score-matched cohort (n =

420); D: Graft survival in propensity score-matched cohort (n = 420).

the two groups are summarized in Table 1. There were
differences between the two groups in several baseline
variables. For example, recipients of HBcAb* grafts had
a lower HBsAg" rate (64.78% vs 77.28%, P < 0.01) and
a lower HCV-positive rate (1.3% vs 7.4%, P < 0.01).
HBcAg+ donors were relatively older than HBcAg- donors
(41.28 + 13.01 vs 33.66 = 10.16, P < 0.01). With the
utilization of propensity score matching, 210 pairs of
patients were generated, and the characteristics of the
two groups were balanced (Table 1).

Postoperative mortality

In the original cohort, which included 1071 patients, the
1-, 3- and 5-year survival rates between the HBcAb*
and HBcAb' liver graft recipients were similar (85.8%,
77.4% and 72.4% vs 87.2%, 81.1% and 76.7%, log-
rank test, »° = 1.97, P = 0.16, Figure 2A). Meanwhile,
graft survival rates between the two groups were also
comparable (83.2%, 73.8% and 70.8% vs 83.6%,
75.9% and 74.4%, log-rank test, ° = 1.65, P = 0.19,
Figure 2B). Propensity score matching was used for the
differences in several baseline variables between the two
groups as noted above, and the 1-, 3- and 5-year patient
survival rates in the new HBcAb"™ and HBcAb™ groups
presented no significant differences (84.1%, 75.2% and
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71.7% vs 87.4%,79.4% and 73.8%, log-rank test, y°
= 1.53, P = 0.21, Figure 2C). The corresponding 1-, 3-
and 5-year graft survival rates in the HBcAb" group were
83.1%,74.3% and 70.7% compared with 85.6%, 77.8%
and 72.3% in the controls (log-rank test, ° = 1.10, P =
0.29, Figure 2D).

In HBsAg" patients, HBcAb* liver grafts did not have
deleterious effects on survival when compared with
HBcAb™ grafts (log-rank test, ;> = 1.59, P = 0.20, Sup-
plement Figure 1A), similar to the HBsAg' recipients (log-
rank test, ° = 0.81, P = 0.37, Supplement Figure 1B).

To identify the independent prognostic factors, Cox
regression analysis was conducted in the whole cohort,
and multivariate regression analysis showed that a
higher BMI in the recipients was a strong indicator for
worse patient (P = 0.001) and graft survival (P = 0.001)
(Table 2). Blood transfusion amount and mechanical
ventilation time were also shown as risk factors both for
patient (P = 0.018 and 0.002, respectively) and graft
survival (P = 0.021 and P = 0.004, respectively) (Table 2).
However, parallel to the results of the survival curves, the
multivariate regression analysis did not support HBcAb*
liver grafts as an independent risk factor for death or
graft loss after liver transplantation ( P = 0.675 and P =
0.982, Table 2).
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Table 2 Multivariable Cox analysis for patient and graft survival in the original cohort (# = 1071)

Patient survival

Graft survival

Equation variable P value HR 95%CI P value HR 95%CI
Recipient
BMI 0.001 1.006 1.002 1.010 0.001 1.007 1.002 1.011
MELD 0.942 1.002 0.948 1.059 0.912 1.003 0.949 1.059
CTP 0.429 1.049 0.835 1.263 0.398 1.046 0.834 1.258
HBsAD (negative vs positive) 0.208 1.058 0.768 1.347 0.258 1.027 0.739 1.374
Operation
Anhepatic phase (min) 0.271 1.003 0.997 1.01 0.169 1.004 0.998 1.011
RBC transfusion (U) 0.018 1.055 1.009 1.104 0.021 1.052 1.006 1.103
After operation
Mechanical ventilation (h) 0.002 1.003 1.001 1.006 0.004 1.004 1.001 1.006
Postoperative HBV infection (negative vs positive) 0.502 0.597 0.132 2.695 0.490 0.527 0.118 2.340
Donor
Age 0.215 1.015 0.991 1.042 0.155 1.018 0.992 1.045
AST (IU/L) 0.65 1.002 0.993 1.011 0.563 1.002 0.994 1.011
Na (mmol/L) 0.243 1.016 0.988 1.045 0.408 1.011 0.983 1.041
Anti HBc-positive (negative vs positive) 0.675 1.175 0.551 2.505 0.982 1.008 0.480 2.118

HR: Hazard ratio; CTP score: Child-Pugh score; WIT: Warm ischemic time Na: Donor’s serum Na" concentration.

Table 3 Multivariable Cox analysis and propensity score-matched analysis of patient survival

Group No. of patients HR (95%CI) P value
Entire cohort, multivariable-adjusted (n = 1071)

HbcAb-positive grafts 230 1.18 (0.55,2.51) 0.68
HbcAb-negative grafts 841 Reference

Entire cohort, propensity score-matched (n = 210 pairs)

HbcAb-positive grafts 210 1.21 (0.73,2.03) 0.45
HbcAb-negative grafts 210 Reference

HBsAg-positive cohort, multivariable-adjusted (1 = 799)

HbcAb-positive grafts 149 1.07 (0.98,1.17) 0.12
HbcAb-negative grafts 650 Reference

HBsAg-positive cohort, propensity score-matched (1 = 132 pairs)

HbcAb-positive grafts 132 1.06 (0.93,1.20) 0.37
HbcAb-negative grafts 132 Reference

HBsAg-negative cohort, multivariable-adjusted (n = 272)

HbcAb-positive grafts 81 1.42 (0.71,2.81) 0.32
HbcAb-negative grafts 191 Reference

HBsAg-negative cohort, propensity score-matched (n = 77 pairs)

HbcAb-positive grafts 77 1.37 (0.60,3.14) 0.45
HbcAb-negative grafts 77 Reference

Propensity score-matched analysis also revealed that
receiving HBcAb® liver grafts was not associated with a
significantly higher risk of death (Cox regression analysis,
P = 0.45, 95%CI: 0.73-2.03, Table 3).

Consistent with the above results, both multivariate
regression analysis in the original cohort and propensity
score-matched Cox analysis did not support that
receiving HBcAb positive liver grafts was associated with
worse outcome for either HBsAg"™ or HBsAg™ patients
(Table 3).

During the observation period, 21 patients died in the
entire cohort within 30 d. In patients receiving HBcAb*
liver grafts, 5 patients died because of multi-organ
failure with sepsis and 3 patients died of abdominal
hemorrhage, while in the HBcAb™ group, patients died
within 30 d because of multi-organ failure with sepsis
(n = 8), liver failure due to portal vein embolism (n =
2) and abdominal hemorrhage (n = 3). The death rates
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within 30 d of the two groups were not significantly
different [Chi square test, 3.47% (8/230) vs 1.54%
(13/841), P = 0.10]. None of the causes of death were
HBV-related.

Postoperative complications

In the post-transplant observation, no differences be-
tween HBcAb" and HBcAb™ graft recipients were observed
in rates of major complications in either the early stage
(within 30 d post LT) or the later period (beyond 30 d
post LT; Tables 4 and 5)

In the entire cohort, 3 patients with HBcAb* liver
graft underwent re-transplantations for primary non-
function (n = 1), biliary complications (n = 1) and portal
vein embolism (n = 1), while 7 recipients in the HBcAb’
group underwent re-transplantations for primary non-
function (n = 1), biliary complications (n = 2), portal
vein embolism (n = 1) and hepatic artery embolism (n =
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Table 4 Early stage major complications after operation between hepatitis B virus core antibody positive liver graft recipients and

hepatitis B virus core antibody negative liver graft recipients (within 30 d post liver transplantation) %

Major complication

Before propensity matching

After propensity matching

Anti-HBc* Anti-HBc P value Anti-HBc* Anti-HBc P value

(n = 230) (n = 841) (n = 210) (n = 210)
Primary non-function 0.43 (1/230) 0.24 (2/841) 0.52 0 0 1.00
Biliary complications 0.87 (2/230) 1.30 (11/841) 0.75 0.47 (1/210) 0.47 (1/210) 1.00
Hepatic artery stenosis/embolism 2.61 (6/230) 1.54 (13/841) 0.26 2.38 (5/210) 1.43 (3/210) 0.72
Portal vein stenosis/embolism 3.91 (9/230) 2.49 (21/841) 0.25 3.33 (7/210) 0.95 (2/210) 0.17
Outflow tract stenosis/embolism 0.87 (2/230) 0.36 (3/841) 0.29 0.47 (1/210) 0.47 (1/210) 1.00
Bacterial infection 21.30 (49/230) 20.33 (171/841) 0.75 8.10 (17/210) 7.62 (16/210) 0.85
Intra-abdominal hemorrhage 7.39 (17 /230) 5.35 (45/841) 0.24 5.24 (11/210) 2.38 (5/210) 0.20
Pleural effusion 10.86 (25/230) 15.21 (128/841) 0.09 5.71 (12/210) 3.33 (7/210) 0.24
Celiac effusion 11.74 (27/230) 14.86 (125/841) 0.23 7.62 (16/210) 8.10 (17/210) 0.85
Pneumonedema 0.43 (1/230) 0.36 (3/841) >0.9 0.47 (1/210) 0.47 (1/210) 1.00

Differences between rates were tested by Chi-square test or Fisher exact test, if appropriate.

Table 5 Later period major complications after operation between hepatitis B virus core antibody positive liver graft recipients and

hepatitis B virus core antibody negative liver graft recipients (beyond 30 d post liver transplantation) %

Major complication

Before propensity matching

After propensity matching

Anti-HBc* Anti-HBc P value Anti-HBc* Anti-HBc P value

(n = 230) (n = 841) (n = 210) (n = 210)
Acute rejection 11.30 (26/230) 11.05 (93/841) 0.91 9.52 (20/210) 8.10 (17/210) 0.60
Chronic rejection 0.87 (2/230) 0.95 (8/841) >0.9 0.95 (2/210) 0.95 (2/210) 1.00
GVHD 0.43 (1/230) 0.59 (5/841) >0.9 0.47 (1/210) 0.47 (1/210) 1.00
Biliary complications 9.56 (22/230) 9.15 (77/841) 0.85 7.14 (15/210) 10.95 (23/210) 0.17
Hepatic artery stenosis/embolism 0.87 (2/230) 0.71 (6/841) 0.68 0.95 (2/210) 2.38 (5/210) 0.45
Portal vein stenosis/embolism 0.87 (2/230) 1.78 (15/841) 0.55 0.95 (2/210) 0.95 (2/210) 1.00
Outflow tract stenosis/embolism 0.43 (1/230) 0.71 (6/841) >0.9 0.47 (1/210) 0.47 (1/210) 1.00
Tumor recurrence 5.65 (13/230) 4.52 (38/841) 0.51 4.76 (10/210) 6.19 (13/210) 0.52
CMV infection 0.87 (2/230) 0.83 (7/841) >0.9 0.95 (2/210) 1.90 (4/210) 0.68
Opportunistic infection 2.17 (5/230) 1.43 (12/841) 0.38 1.43 (3/210) 2.38 (5/210) 0.72
Diabetes mellitus 7.82 (18/230) 7.97 (67/841) 0.94 7.14 (15/210) 4.76 (10/210) 0.3
Hypertension 4.78 (11/230) 3.57 (30/841) 0.39 3.33 (7/210) 2.38 (5/210) 0.77
Hyperlipemia 0.43 (1/230) 0.95 (8/841) 0.69 0.47 (1/210) 1.90 (4/210) 0.37

Differences between rates were tested by Chi square test or Fisher exact test, if appropriate. CMV: Cytomegalovirus; GVHD: Graft-vs-host disease.

3). The re-transplantation rates of the two groups were
1.30% (3/230) and 0.83% (7/841), without a significant
difference (Fisher exact test, P = 0.45).

Furthermore, postoperative follow-up showed that
there was no significant difference in liver function re-
covering after liver transplantation between the HBcAb*
and HBcAb™ groups (Figure 3).

HBYV infection after liver transplantation

As was noted in the beginning, it is well acknowledged
that HBcAb" liver grafts retain the capability to transmit
HBV, especially to HBsAg™ patientst”®**, which is one of
the major concerns in utilization of such grafts.

First, we analyzed de novo HBV infection in the
HBsAg negative cohort and its risk factors. We found
that 9 patients receiving HBcAb™ liver grafts developed
hepatitis B after a mean time of 15.66 * 5.52 mo, with
an infection rate of 13.23% (9/68, 13 patients died within
1 mo after liver transplantation or without any post-
transplant HBV serological data), whereas no patients
receiving HBcAb'™ liver grafts were newly diagnosed with
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HBV after the operation (0/163, 28 patients died within
1 mo after liver transplantation or without any post-
transplant HBV serological data). Thus, the data indicate
a higher prevalence of de novo HBV infection in recipients
of HBcAb" liver grafts (Fisher exact test, 13.23% vs 0, P
< 0.0001).

Once the diagnosis of de novo hepatitis B was made,
anti-viral therapy was switched to entecavir or tenofovir.
Only one patient died 3 mo after a new diagnosis of
HBV due to severe rejection-caused multi-organ failure
without HBV flare-up. The other patients are still alive at
present. The multivariate regression analysis revealed
that the occurrence of newly diagnosed HBV infection is
not an independent threat to patient and graft survival (P
= 0.502 and 0.490, respectively, Table 2).

Considering the status of HBV surface antibody (anti-
HBs) and HBV core antibody (anti-HBc), there were three
different HBV serological statuses in recipients (Figure 4).
There was a clear tendency that the HBV-naive patients
had the highest de novo HBV infection rate (31.82%,
7/22), while the anti-HBs+ recipients had the lowest de
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Figure 3 Comparison of graft function recovery after liver transplantation [0 d (right after operation) to 2 mo after operation] of patients who received
hepatitis B virus core antibody positive grafts vs those who received hepatitis B virus core antibody negative grafts. Each plot represents the mean
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C: Alanine transaminase level between the two groups; D: Aspartate aminotransferase level between the two groups. ALT: Alanine transaminase; AST: Aspartate

aminotransferase; TB: Total bilirubin; INR: International normalized ratio.

novo HBV infection rate (2.56%, 1/39). The comparison
showed a significant difference (Fisher's exact test, P =
0.002). The results suggested that the presence of anti-
HBs in recipients might be a protective factor against
HBV infection.

Furthermore, the anti-HBs titer at the time of trans-
plantation has a significant impact on the outcome of
the HBV infection. We found that no patients with anti-
HBs titer more than 100 IU/I before surgery (n = 21)
developed de novo HBV infection, while those whose
anti-HBs titers were less than 100 IU/I before surgery
had a de novo infection rate of 19.15% (9/47) (Fisher
exact test, P = 0.048, Figure 5).

Next, we divided the 68 patients into two groups with
respect to antiviral prophylaxis: an HBIG monotherapy
group (n = 50) and an nRTI combination group (n = 18).
The corresponding de novo HBV infection rates of each
group were 16.00% (8/50) and 5.55% (1/18). There
was a higher risk tendency in the HBIG monotherapy
group compared with the other, but without a significant
difference (Fisher exact test, P = 0.43).
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It is important to note that the only patient who devel-
oped HBV positivity in the nRTI combination group had
an HBIG administration of 3 mo but did not use nRTI
regularly until 8 mo after surgery and was diagnosed 4
mo later.

Finally, we also analyzed the recurrence of HBV infec-
tion in the HBsAg" cohort and found that 20 (2.5%) of
the 799 HBsAg" patients developed recurrence of HBV
infection, in which 7 patients received HBcAb® liver grafts
and 13 received HBCAb' liver grafts. Thus, the recurrence
rates between the two groups were 4.7% (7/149) and
2.0% (13/650); this difference was not statistically signifi-
cant (Chi square test, P = 0.06).

DISCUSSION

Recent years have witnessed an increasing trend in
the utilization of marginal organs, including HBV core
antigen-positive liver grafts, to address the problem of or-
gan shortage®*”). In early times, transplantation centers
adhered to the principle that the occurrence of anti-HBc
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in liver grafts was a contraindication to organ use in fear
of deleterious effects®***). However, as discussed above,
the postoperative safety of receiving such grafts has
become debatable over the following years.

Recent studies conducted in Austrian*”and Italian®*”!
populations still associated HBcAb* livers with inferior
outcomes, but without explained mechanisms. The
Italian study™ suggested that HBcAb positivity repre-
sents a surrogate marker of suboptimal graft quality.
Nevertheless, none of the recorded causes of death or
graft loss differed between HBcAb* or HBcAb™ donors,
and no graft loss was attributable to recurrence or de
novo HBV infection, in line with other studies’®**®. Nota-
bly, the authors in both articles™®®*! all acknowledged
the high prevalence of HCV (20% to 50%) in the study
population and the high rate of HCV recurrence'® leading
to cirrhosis in 20-30% of patients™’ when direct antiviral
agents were not widely applied in the past. The Austrian
study®” also demonstrated that anti-HCV positivity was
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a strong indicator for worse patient survival (HR: 2.38,
95%CI: 1.18-4.78, P = 0.015), in agreement with an
earlier report™®”. However, their findings in HCV infection
rates were not the same as in our Chinese cohort (HCV
infection rate: less than 8%), which might partially ex-
plain the difference in the impacts of HBcAb* liver grafts.

In our study, the number of HBcAb™ liver grafts
was greater than the numbers in most previous stu-
diesl’18-2022:26-274142] “\yhjch allows a more reliable con-
clusion. Our study was the largest single-center cohort
of long-term follow-up in a Chinese population, which
provides an important view in the utilization of such
grafts.

Although the baseline data of HBcAb* donors and
recipients shared similarity in most aspects with HBcAb
donors, as a real world study, differences existed between
the two groups, consisting of a significantly higher Child-
Pugh score and a higher prevalence of acute liver failure
as transplantation reasons in HBcAb™ graft recipients.
These differences could be explained as the relatively
“imperfect” liver grafts, for example, HBcAb* grafts were
more likely to be allocated to patients with more severe
and urgent conditions in short of proper grafts available
in recent dlinical practice. And it was notable that HBcAb*
donors were older than HBcAb™ donors, which was in
line with previous studies”*****®! and reflected a higher
prevalence of HBV infection and anti-HBc occurrence in
older people, especially in epidemic areas.

Considering these confounding factors in a real world
study, a new cohort of patients was generated in a pro-
pensity-score matching method, as we have introduced,
to achieve appropriate analysis validity, which was neg-
lected in most of the previous studies. Additionally, given
the different HBsAg status in recipients, a subgroup
analysis was conducted, and survival was compared as in
the entire population.

Using multiple rigorous strategies, we were able
to come to a firm conclusion that overall survival with
HBcAb" liver grafts was not suboptimal, regardless of the
HBsAg status of the recipients.

Monitoring after surgery in our study also showed
that HBcAb" grafts did not increase the post-transplant
complications in either the early stage or the later stage.
Furthermore, liver function recovered in HBcAb" grafts at
the same pace as in HBcAb™ grafts.

Another barrier to HBcAb" graft utilization is the risk
of HBV infection in recipients, especially for patients
naive to HBV infection®. In the era of prophylaxis
with HBIG and nRTI, the dramatically high prevalence
of HBV infection in HBcAb" liver recipients”****"! has
declined (in our cohort, de novo infection: 13.23%).
Post-transplantation HBV infection did not affect patient
and graft survival (P = 0.50 and 0.49, respectively, Table
2), the same as in previous articles”®*”, Yet, there was
no consensus on a prophylactic regimen for de novo
HBV infection until 2015 in the United States*” and
2016 in China™". Thus, a diverse array of protocols has
been used worldwide in past time”****%! from no
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prophylaxis to the use of nucleos(t)ide antiviral agents,
HBIG or their combination, resulting in varied HBV
infection rates in different institutes’”’. In our cohort, there
was a higher risk tendency of de novo HBV infection in
the HBIG monotherapy group compared with patients
with prophylaxis consisting of HBIG and nRTI (16.00%
vs 5.55%), highlighting the importance of nucleos(t)ide
antiviral agents in HBV prophylaxis. In addition, recent
studies suggested that HBIG+ nRTI combination therapy
did not provide superior protection over nRTI-only
treatment!**'%?***! The |atest guidelines overseas!**”!
also recommend nRTI (lamivudine, entecavir or teno-
fovir) as prophylactic agents, excluding HBIG.

However, it is worth noting that the higher cost and
lower compliance of HBIG injection prevented its long-
term utilization in patients who were HBV-negative
before transplantation, varying from weeks to months
in our study and in other reports”****!, which might
increase the HBV infection rates in HBIG monotherapy
prophylaxis, as we found above.

Additionally, recipient characteristics in HBV serology
did have a significant impact on postoperative HBV in-
fection when accepting HBcAb* grafts. In our results,
HBV-naive patients had the highest de novo HBV infec-
tion rate (31.82%), while the anti-HBs+ recipients had
the lowest (2.56%), a tendency that was in accord with a
previous systematic review!”). Quantitative investigation
on anti-HBs suggested that patients with an anti-HBs
titer more than 100 IU/I before surgery had a lower
risk of hepatitis B (P = 0.048, Figure 5). And in a recent
study, patients were given HBV vaccinations as active
immunizations with the aim of achieving anti-HBs >
1000 IU/L pre-transplant and > 100 IU/L post-transplant,
which achieved satisfactory preventive results”*®’. They
also suggested that anti-viral prophylaxis could be safely
discontinued in patients who obtain this immunity. Gene-
rally, these findings emphasize the prophylactic role of
HBsAb and active immunization might be an economical
alternative prophylaxis in patients who respond appro-
priately to vaccination.

Our study has limitations. It is based on retrospective
data and patients at a single institution, which may
be subject to bias and confounding, although we used
multiple strategies (multivariable adjustment and pro-
pensity-score matching). In addition, because of the
retrospective nature of our study, we were unable to
obtain complete pre-LT HBV vaccination data. Further
multicenter studies are needed to evaluate the ideal
prophylaxis to prevent post-transplant de novo HBV in-
fection.

In conclusion, our retrospective study revealed that
HBCcAb" liver grafts could be used with similar outcomes
to HBcAb™ grafts regardless of the HBsAg status of the
recipients. Although HBcAb* liver recipients do have a
higher de novo HBV infection rate in which HBV-naive
patients suffer more often, nucleos(t)ide antiviral agents
have been regarded as effective antiviral prophylaxis that
should be widely applied in clinical practice. Furthermore,
maintaining sufficient anti-HBs titers in recipients might
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also be protective against de novo HBV infection.

ARTICLE HIGHLIGHTS

Research background

Given the shortage of suitable liver grafts for liver transplantation, proper use
of hepatitis B core antibody-positive livers might be a possible way to enlarge
the donor pool and to save patients with end-stage liver diseases. However,
the safety of hepatitis B virus core antibody positive (HBcAb®) donors has been
controversial. Initial studies were mainly conducted overseas with relatively
small numbers of HBcAb” liver recipients, and there are few relevant reports in
the population of mainland China.

Research motivation

We performed this study to evaluate the safety of HBcAb" liver graft recipients
in a Chinese population and to investigate the feasibility of wide utilization of
such liver grafts.

Research objectives

The objectives of our study were: (1) to evaluate the long-term survival of
HBCAD" liver graft recipients; and (2) to investigate the post-transplant hepatitis
B virus infection rates of HBcAb® liver graft recipients and to elucidate possible
risk factors.

Research methods

We conducted a retrospective study, enrolling 1071 patients who consecutively
underwent liver transplantation from 2005 to 2016 at West China Hospital Liver
Transplantation Center. Given the imbalance in several baseline variables,
propensity score matching was used, and the outcomes of all recipients were
reviewed in this study.

Research results

Our results revealed that the 1-, 3- and 5-year survival rates in patients and
grafts between the HBcAb® and HBcAb' recipients showed no difference (P
= 0.16 and 0.19, respectively), and receiving HBcAb" liver grafts was not a
significant risk factor for long-term survival. Further studies illustrated that post-
transplant major complication rates and liver function recovery after surgery
were also similar. These findings were consistent in both HBsAg" and HBsAg
patients. Newly diagnosed HBV infection had a relatively higher incidence
in HBsAg" patients with HBCAb" liver grafts (13.23%), in which HBV-naive
recipients suffered most (31.82%), whereas it did not affect patient and graft
survival (P = 0.50 and 0.49, respectively). Recipients with high anti-HBs titers
(more than 100 IU/L) before transplantation and antiviral prophylaxis with
nucleos(t)ide antiviral agents post-operation had lower de novo HBV infection
risks.

Research conclusions

HBcADb" grafts did not increase the post-transplant mortality, nor did they affect
post-transplant major complication rates and liver function recovery. HBV-naive
recipients suffered post-transplantation de novo HBV infection more often, and
sufficient anti-HBs titers in recipients might be a protective factor. Combined
with proper postoperative antiviral prophylaxis, such as nucleos(t)ide antiviral
agents, utilization of HBCAb" grafts is rational and feasible.

Research perspectives

Further multicenter studies are needed to investigate more interval time
groups with a large sample size on the outcome of HBcAb" graft recipients.
The findings of this study should spur more investigators to evaluate the
ideal postoperative antiviral therapy, which may involve active immunization
prophylaxis.
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