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Abstract
Esophageal cancer (EC) ranks among the most prevalent malignant tumors 
affecting the digestive tract. Esophageal squamous cell carcinoma (ESCC) stands 
as the prevailing pathological subtype, encompassing approximately 90% of all 
EC patients. In clinical stage II-IVA locally advanced ESCC cases, the primary 
approach to treatment involves a combination of neoadjuvant therapy and 
surgical resection. Despite concerted efforts, the long-term outcomes for ESCC 
patients remain unsatisfactory, with dismal prognoses. However, recent years 
have witnessed remarkable strides in immunotherapy, particularly in the second- 
and first-line treatment of advanced or metastatic ESCC, with the development of 
monoclonal antibodies that inhibit programmed death 1 or programmed death 
ligand 1 demonstrating encouraging responses and perioperative clinical benefits 
for various malignancies, including ESCC. This comprehensive review aims to 
present the current landscape of perioperative immunotherapy for resectable 
ESCC, focusing specifically on the role of immune checkpoint inhibitors during 
the perioperative period. Additionally, the review will explore promising biomar-
kers and offer insights into future prospects.
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Core Tip: Esophageal cancer ranks among the most prevalent malignant tumors affecting the digestive tract. In locally 
advanced esophageal squamous cell carcinoma (ESCC), the mainstay of treatment involves neoadjuvant therapy in 
conjunction with surgical resection. Notably, immunotherapy has achieved significant breakthroughs in the second- and 
first-line treatment of advanced or metastatic ESCC. This review focuses on the current landscape of perioperative immuno-
therapy for resectable ESCC and discusses promising biomarkers and future perspectives.

Citation: Liu Y. Perioperative immunotherapy for esophageal squamous cell carcinoma: Now and future. World J Gastroenterol 2023; 
29(34): 5020-5037
URL: https://www.wjgnet.com/1007-9327/full/v29/i34/5020.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i34.5020

INTRODUCTION
Esophageal cancer (EC), one of the most prevalent malignancies affecting the digestive tract, originates from the epithelial 
lining of the esophagus. According to the International Agency for Research on Cancer's latest update on the global 
cancer burden, based on the GLOBOCAN 2020 projections of cancer incidence and mortality, EC ranks seventh in terms 
of cancer incidence worldwide and sixth in cancer-related mortality[1]. The incidence of EC varies significantly across 
countries and regions, with East Asia having the highest disease occurrence, being twice the global average (12.2/1000). 
EC can be classified into two histological subtypes: Esophageal squamous cell carcinoma (ESCC) and esophageal 
adenocarcinoma (EAC). EAC is the predominant pathological type in relatively low-incidence areas such as Europe and 
America. However, globally, ESCC accounts for approximately 90% of all EC cases[2], and more than half of the ESCC 
cases occur in China[3].

For many years, surgery has served as the primary treatment for early-stage ESCC. High-grade dysplasia and very 
early-stage tumors are amenable to local therapies such as endoscopic resection, ablation, or surgery. Surgery can 
improve the 5-year survival rate to 60%-85% in patients with early-stage disease[4]. However, due to the subtle nature of 
early symptoms, many patients present with advanced or metastatic disease at the time of diagnosis. For locally 
advanced disease, surgery alone has not yielded satisfactory results, with a median survival time of 12 to 18 mo and a 5-
year survival rate of 15%-39%[5,6]. Furthermore, local or systemic recurrence is common, with recurrence reported in 
35%-50% of patients who had underwent surgery alone[7].

Neoadjuvant therapy combined with surgery stands as a cornerstone in the treatment of locally advanced ESCC, 
typically encompassing clinical stages II to IVA[8]. The medical community widely acknowledges the value of 
neoadjuvant therapy due to its efficiency compared to postoperative adjuvant therapy. Moreover, it leads to reductions in 
tumor and lymph node (LN) volumes, improves the R0 resection rate, and enhances long-term survival rates[9-11]. 
Additionally, neoadjuvant therapy allows for the evaluation of patient response using resected specimens[12]. Numerous 
randomized controlled trials (RCTs) have indicated that preoperative or neoadjuvant chemoradiotherapy (nCRT) may 
result in longer overall survival (OS) compared to surgery alone[13-15]. The CROSS trial established nCRT as the first-line 
therapeutic choice for resectable locally advanced ESCC, combining radiotherapy with a chemotherapy regimen 
containing carboplatin and paclitaxel[16]. The NEOCRTEC5010 phase III, multi-center, open-label RCT confirmed the 
findings of the CROSS trial for ESCC[9]. However, the optimal neoadjuvant therapy for resectable locally advanced ESCC 
remains a topic of debate. Neoadjuvant chemotherapy showed improved OS over surgery alone only for EAC, whereas 
nCRT demonstrated considerably better OS than surgery alone for both EAC and ESCC, according to the NewEC study
[17]. Several subsequent meta-analyses also supported the utility of preoperative nCRT, showing improved OS compared 
to other treatment modalities, including surgery alone, neoadjuvant chemotherapy, and neoadjuvant radiotherapy, albeit 
with increased postoperative mortality[18,19]. Postoperative morbidity was similar between the nCRT and S (surgery) 
groups (55.6% vs 52.8%; P = 0.720), while in-hospital postoperative mortality was significantly higher in the CRT group 
(11.1% vs 3.4%; P = 0.049)[20]. A Japanese study[21] examined late complications, revealing grade 2 anastomotic stricture 
as the most common event, occurring in 30% of the 33 patients. A total of 12 events of grade 3 or worse complications 
were observed in ten patients, including gastric tube ulcer, cardiac complications, and pulmonary complications. The 5-
year incidence rate was 22%, and three patients succumbed to the late complications. A clear advantage of nCRT over 
neoadjuvant chemotherapy was not established.

Presently, both the National Comprehensive Cancer Network and the Chinese Society of Clinical Oncology guidelines 
recommend chemoradiotherapy (CRT) as the standard approach for locally advanced ESCC[22-24]. Despite significant 
efforts made by the medical community, the expected long-term outcomes for ESCC patients have seen limited 
improvement, remaining poor. The 5-year OS in patients undergoing nCRT and surgery is approximately 50%, and the 
incidence of local recurrence or distant metastasis remains high[25]. Relapse after nCRT is common and constitutes a 
major hurdle to overcome[26].

Immunotherapy is a therapeutic approach that involves the use of substances to stimulate or suppress the immune 
system, aiding the body in combating cancer, infections, and other diseases. It encompasses biologic/targeted agents that 
aim to enhance and restore the immune system's ability to recognize and eliminate cancer cells by modifying and/or 
blocking costimulatory signals[27,28]. Over the past few years, immunotherapy has achieved remarkable progress in 
cancer treatment, particularly with the advent of immune checkpoint inhibitors (ICIs)[29]. The development of ICIs, 
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which inhibit programmed death 1 (PD-1) or programmed death ligand 1 (PD-L1), has shown convincing responses and 
clinical benefits across various malignancies, including ESCC[30,31].

In the study "KEYNOTE-181", Pembrolizumab demonstrated superior OS, a higher objective response rate, and a lower 
incidence of grades 3-5 treatment-related adverse events (trAEs) compared to chemotherapy in the second-line setting
[32]. Grades 3-5 trAEs occurred in 18.2% of patients treated with Pembrolizumab vs 40.9% in the chemotherapy group. 
Other trials such as "RATIONALE-302"[33], "ATTRACTION-3"[34], and "ESCORT"[35] have also reported positive 
outcomes. In these trials, immunotherapy showed lower rates of grades 3-5 trAEs compared to chemotherapy, with 
percentages of 18.8% vs 55.8% in "RATIONALE-302"[33], 18% vs 63% in "ATTRACTION-3"[34], and 19% vs 39% in 
"ESCORT"[35].

It is important to note that in studies like "JUPITER-06"[36], "CheckMate-648"[37], "ORIENT-15"[38], "ESCORT-1st"[39], 
and "KEYNOTE-590"[40], treating patients with advanced EC using PD-1 inhibitors in combination with chemotherapy as 
first-line therapy resulted in significantly longer OS and progression-free survival (PFS) compared to chemotherapy 
alone. The occurrence rates of grades 3-5 trAEs in these trials were relatively comparable.

Neoadjuvant immunotherapy has been explored in various other malignancies, such as lung cancer[41,42], melanoma
[43], bladder cancer[44], colon cancer[45], and glioblastoma[46]. In a clinical trial (NCT02259621) investigating 
neoadjuvant Nivolumab, surgery was not delayed, and 45% of resected tumors showed a major pathological response 
(MPR). In the NADIM trial[42], patients were treated with a neoadjuvant regimen consisting of paclitaxel and carboplatin 
in combination with Nivolumab. Out of the initial 51 patients deemed eligible, 46 patients received neoadjuvant 
treatment and subsequently underwent surgery. At the 24-mo mark, the PFS rate was observed to be 77.1%. Among the 
27 patients who had melanoma, eight experienced either a complete response or an MPR after receiving a single dose of 
the anti-PD-1 drug, Pembrolizumab. Importantly, all eight of these patients remained free from the disease[43]. In a 
single-arm phase II study exploring Atezolizumab before cystectomy in 95 patients with muscle-invasive urothelial 
cancer (NCT02662309), the pathological complete response (pCR) rate was 31%[44]. In the exploratory NICHE study 
(NCT03026140)[45], patients with early-stage colon cancers, categorized as mismatch repair-deficient (dMMR) or 
mismatch repair-proficient (pMMR) tumors, received a single dose of Ipilimumab and two doses of Nivolumab before 
surgery. Among dMMR tumors, 20 out of 20 displayed a pathological response, with 19 cases of MPR and 12 cases of 
pCR. In pMMR tumors, 4 out of 15 showed pathological responses, with three cases of MPR and one case of partial 
response. In a single-arm phase II clinical trial (NCT02550249)[46], a presurgical dose of Nivolumab followed by 
postsurgical Nivolumab until disease progression or unacceptable toxicity was tested in 30 patients. However, no 
significant clinical benefit was observed following salvage surgery, although two out of the three patients treated with 
Nivolumab before and after primary surgery remained alive 33 and 28 mo later.

Based on this background, this review aims to depict the current scenario in the field of perioperative immunotherapy 
for resectable ESCC, focusing in particular on an overview of the role of ICIs in this field, alongside a discussion of the 
promising biomarkers and forecast of future perspectives.

PERIOPERATIVE IMMUNOTHERAPY OF ESCC
Drugs for immunotherapy of ESCC
Cancer cells have the ability to evade immune surveillance by disrupting the balance of the tumor microenvironment 
(TME). This disruption can lead to tumor development by blocking apoptosis, promoting angiogenesis, proliferation, and 
distant metastasis, and evading immune detection[47]. CD8(+) T cells, also known as cytotoxic T lymphocytes, play a 
crucial role in killing tumor cells, and their presence in the TME is associated with improved cancer prognosis[48]. For 
CD8(+) T cells to effectively kill tumor cells, two signals are essential: The recognition of antigens presented by major 
histocompatibility complexes[49] and the stimulation or suppression of T cell activation. The second signal, acting as a co-
stimulatory or co-inhibitory signal, is often referred to as an "immune checkpoint" for CD8(+) T cell function. Immune 
checkpoints help maintain the balance of T-cell activation, immune tolerance, and immune-mediated tissue damage[50]. 
Both co-stimulatory and co-inhibitory ligands and their receptors are present on T cells and antigen-presenting cells. 
Inhibitory checkpoint molecules displayed by CD8(+) T cells can respond to and aid the tumor in evading the immune 
system[51].

There are four main ICIs named after the corresponding Food and Drug Administration (FDA)-approved monoclonal 
antibody therapies: Cytotoxic T lymphocyte antigen-4 (CTLA-4), PD-1, PD-L1/L2, and lymphocyte activation gene-3 
(LAG-3)[52]. CTLA-4 and PD-1 are members of the CD28 receptor family expressed on T-cells, which bind to their corres-
ponding targets of the B7 family[53]. CTLA-4 is an intracellular protein often found on regulatory T cells, inhibiting 
CD8(+) T cell activity. Ipilimumab, approved by the FDA in 2011, targets CTLA-4[54]. PD-1 is a transmembrane protein 
upregulated by repeated stimulation of T cells. PD-1 has two ligands, PD-L1 and PD-L2, which are cell surface proteins 
expressed on tumor cells and some immune cells within the TME. When PD-1 binds to these ligands, T cell function is 
inhibited. Overexpression of PD-L1 is associated with tumor progression, as cancer cells exploit the PD-1/PD-L1 and PD-
1/PD-L2 pathways to create an immunosuppressive environment[55]. Nivolumab and Pembrolizumab are ICIs that 
target the PD-1 molecule, both FDA-approved in 2014. In 2018 and 2021, Cemiplimab and Dostarlimab were also 
approved, respectively[56,57]. Atezolizumab, Avelumab, and Durvalumab are FDA-approved PD-L1 inhibitors[58-60]. 
LAG-3 is a transmembrane receptor expressed on CD8(+) T cells, further upregulated by T cell activation. Relatlimab is 
the only FDA-approved LAG-3 inhibitor[61].
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In recent years, several domestic anti-PD-1 monoclonal antibodies have been approved as drugs for various tumors by 
the China National Medical Product Administration. Notably, Camrelizumab, Sintilimab, Toripalimab, and Tislelizumab 
are representative drugs that are currently undergoing in-depth research. Camrelizumab, a humanized anti-PD-1 
monoclonal antibody developed in China, has shown promising activity and manageable toxicity when combined with 
Apatinib, an anti-angiogenic drug. This combination may serve as a potential second-line treatment option for patients 
with advanced ESCC[62] or patients with recurrent or metastatic ESCC[63].

Neoadjuvant immunotherapy of ESCC
As previously mentioned, ICI immunotherapy has demonstrated improved outcomes in terms of OS and disease-free 
survival (DFS) for both second-line and first-line treatments of ESCC. In the context of resectable locally advanced ESCC, 
there has been a growing interest in perioperative immunotherapy combined with chemotherapy or radiotherapy, repres-
enting a key research direction for this disease. Preoperative neoadjuvant immunotherapy aims to activate the patient's 
immune system, leading to the formation of immune memory cells, thereby enabling the immune system to assume an 
immune surveillance role[64,65]. This review will summarize the current status of neoadjuvant immunotherapy as a 
treatment for ESCC.

Completed and reported clinical studies of neoadjuvant immunotherapy
Numerous clinical studies have investigated the efficacy and safety of immunotherapy for resectable ESCC in the 
neoadjuvant setting, as detailed in Table 1. Most neoadjuvant immunotherapy trials are conducted in conjunction with 
chemotherapy or CRT. Given the high incidence of this disease in China, numerous clinical trials on this subject are 
carried out in the country. Specifically, six ICIs targeting PD-1/PD-L1, namely, Pembrolizumab (4 studies), Camrel-
izumab (10 studies), Sintilimab (4 studies), Toripalimab (5 studies), and Tislelizumab (1 study), have been studied as 
neoadjuvant therapy. Additionally, there is an ongoing drug-based neoadjuvant therapy RCT involving Nivolumab, the 
first ICI used in adjuvant immunotherapy in the CheckMate-577 study[66]. The results of this trial, known as the 
FRONTiER study (NCT03914443), are eagerly anticipated[67]. In Table 1, four reports were retrospective in nature, while 
the other 21 reports were prospective, with 20 of them being single-arm trials. Only three studies employed neoadjuvant 
immunotherapy in combination with concurrent CRT as an intervention. In studies involving neoadjuvant immuno-
therapy combined with chemotherapy, the chemotherapy drugs used included 5-fluorouracil (5-FU), cisplatin (DDP), 
carboplatin (CBP), nedaplatin (NDP), paclitaxel (PTX), docetaxel (DTX), albumin-bound paclitaxel (nab-PTX), and PTX 
liposomes. Over the past few years, the use and dosages of these chemotherapy drugs have demonstrated efficacy for 
ESCC treatment in clinical settings. Most surgeons have chosen an interval time of 4-6 wk from the end of neoadjuvant 
therapy to surgery. The primary outcomes of utmost concern to doctors are safety, feasibility, and pCR, while MPR and 
R0 resection rate are commonly selected as primary or secondary outcomes.

Ensuring the safety of participants is of utmost importance in clinical trials, and the occurrence of trAEs is a key 
indicator in assessing the safety of neoadjuvant immunotherapy[68]. When ICIs are combined with other anti-cancer 
therapies, such as chemotherapy, immunotherapy, targeted therapy, or radiotherapy, the incidence of trAEs is 
significantly higher compared to the use of ICIs alone[69]. These trAEs can affect various organs, with the most common 
being endocrine (hypothyroidism and hyperthyroidism), gastrointestinal (diarrhea and colitis), pulmonary 
(pneumonitis), dermatological (rash and pruritus), and hepatic (elevated liver enzymes) complications[70,71]. The 
majority of trAEs (grades 1-2) are self-limiting or can be managed with immunosuppressive therapy, such as corticost-
eroids. However, persistent trAEs that do not respond to corticosteroids require close monitoring and appropriate 
treatment. Fatal trAEs are extremely rare for anti-PD-1 antibodies, with an incidence of less than 0.5% in a meta-analysis 
of ICI monotherapy studies across various cancer types, most commonly associated with pneumonitis[71]. The incidence 
of serious trAEs (grade ≥ 3) in neoadjuvant ICI plus chemotherapy ranged from 0% to 36.7% in the studies presented in 
Table 1. Notably, the combination of chemotherapy with Camrelizumab and Apatinib resulted in the highest incidence of 
patients experiencing serious trAEs (36.7%). In another meta-analysis comparing the efficacy and safety of various ICIs 
for patients with advanced or metastatic ESCC, Camrelizumab and Nivolumab were found to have a lower incidence of 
serious trAEs in the first-line and refractory settings, respectively[72]. Close monitoring and early recognition of relevant 
symptoms and signs are essential to ensure appropriate management.

Feasibility can be assessed by comparing the completion rate of the trial. In a pooled analysis, the rates of completion of 
neoadjuvant therapy and surgery ranged from 49.4% (Camrelizumab + nab-PTX + NDP) to 100% (Sintilimab + PTX 
liposome, DDP, and S-1). Failures in the study were mainly attributed to trAEs[73,74], patient decisions[75-77], or disease 
progression[78]. As most trials achieved a treatment completion rate of over 60%, interpreting the data in the conference 
abstract (ChiCTR2000039170) is challenging.

The definition of pCR is the absence of any signs of cancer on a histological resection specimen. The pCR rate is a 
crucial efficacy-related parameter reported in all studies, with some studies choosing it as a secondary outcome. In a 
meta-analysis of seven clinical trials involving 815 patients, the pooled pCR rate was 32.4% (95% confidence interval [CI]: 
28.2%-36.8%)[79]. Data from Table 1 shows that the pCR rate ranges from 6.7% to 46.1%. The definition of MPR is the 
presence of less than 10% of the remaining viable tumor cells in the resected primary tumor. In the aforementioned meta-
analysis, the pooled MPR rate was 49.4% (95%CI: 42.1%-56.7%)[79]. MPR rate was chosen as the primary outcome in four 
studies and seemed to be a second primary outcome in the main studies verified in Table 1, with reported rates ranging 
from 42% to 72.3%[73,76,77,80-83]. The R0 resection rate is defined as a complete resection of the tumor with a negative 
microscopic edge, indicating no residual tumor. It is another crucial indicator to evaluate the effectiveness of neoadjuvant 
therapy. The R0 resection rate in Table 1 ranges from 80.4% to 100%, which indicates positive outcomes.
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Table 1 Reported clinical results of neoadjuvant immunotherapy for resectable esophageal squamous cell carcinoma

Drug & Ref. Trial No. Phase Number of 
enrollments

Clinical 
stage Design Chemotherapy 

drugs
Chemotherapy 
cycles Radiotherapy

Interval 
time to 
surgery

Primary 
outcome

Safety 
(rate of 
grade 
≥ 3 
trAEs)

Feasibility 
(therapy 
completion 
rate)

pCR MPR
Surgical 
outcome 
(R0 rate)

Pembrolizumab
[111]

Park et al[111] (NR) NA 38 IA-IVA Retrospective 5-FU + 
DDP/PTX + 
CBP

NA 41.4 Gy/23 f 6-8 wk Operative 
risk

18.75% 
(3/16)

100% 
(16/16)

NA NA 100%

Pembrolizumab
[112]

Huang et al[112] (NR) NA 54 II–IVA Retrospective DTX + NDP 2, Q3W 4-6 wk pCR 13.04% 
(4/23)

NA 30.4% 
(7/23) 

NA 100%

Pembrolizumab
[113]

NCT02844075 II 28 IB-III Single- arm PTX + CBP 5, Q1W 41.4 Gy/23 f 5 wk pCR NA 92.9% 
(26/28)

46.1% 
(12/26)

NA NA

Pembrolizumab
[80]

Keystone-001/NCT04389177 II 50 IIIA-IIIB Single-arm PTX + DDP 3, Q3W 4-6 wk pCR, MPR, 
safety

0 69.0% 
(29/42)

41.4% 
(12/29) 

72.4% 
(21/29)

100%

Camrelizumab
[114]

Qiao et al[114] (NR) NA 254 IA-IVA Retrospective PTX, nab-
PTX/DTX

2, Q3W NA pCR 6.25% 
(3/48)

NA 41.7% 
(20/48) 

60.4 
(29/48)

NA

Camrelizumab
[74]

ChiCTR1900026240 II 60 IIIA-IVA Single-arm nab-PTX + CBP 2, Q3W 4-6 wk pCR 56.7% 
(34/60)

85.0% 
(51/60)

39.2% 
(20/51)

NA 98.0%

Camrelizumab
[115]

NCT04506138 I-II 46 II-IVA Single-arm nab-PTX + CBP 4-6 wk pCR 15.2% 
(7/46)

82.6% 
(38/46)

21.6% 
(8/37)

48.6% 
(18/37)

80.4%

Camrelizumab
[82]

GASTO1056/ChiCTR2000028900 II 23 II-III Single-arm nab-PTX + CBP 2, Q3W 3-6 wk Safety 47.8% 87.0% 
(20/23)

25% 
(5/20)

50% 
(10/20)

100%

Camrelizumab
[116]

Yang et al[116] (NR) II 12 II-III Single-arm nab-PTX + S1 3, Q3W 3-6 wk pCR 0 75.0% (9/12) 33.3% 
(4/12)

41.7% 
(5/12)

100%

Camrelizumab
[75]

NIC-ESCC2019/NCT04225364 II 56 II-IVA Single-arm nab-PTX + DDP 2, Q3W 6 wk pCR 10.7% 
(6/51)

91.1% 
(51/56)

35.3% 
(18/51)

23.5% 
(12/21)

100%

Camrelizumab
[117]

ChiCTR1900023880 Ib 30 IC-IIIB Single-arm nab-PTX + NDP 
+ Apatinib

2-4, Q3W 4-8 wk Safety, 
feasibility

36.7% 
(11/30)

96.7% 
(29/30)

24.1% 
(7/29)

51.7% 
(15/29)

NA

Camrelizumab
[118]

ESPRIT/ChiCTR2000033761 II 48 IIA-IIIB Single-arm PTX + NDP 2-4, Q3W NA pCR 4.2% 62.5% 
(30/48)

35.0% 
(7/20)

NA NA

Camrelizumab
[119]

NCT 03917966 II 40 IC-IVA Single-arm DTX + NDP 2, Q3W 4-6 wk MPR 3% 70.6% 
(12/17)

25.0% 
(3/12)

41.6% 
(5/12)

100%

Camrelizumab
[120] 

ChiCTR2000039170 II 166 Locally 
advanced

Single-arm nab-PTX + NDP NA NA Safety 7.8% 
(13/166)

49.4% 
(82/166)

18.5% 
(15/81)

63.0% 
(51/81)

97.5% 
(79/82)

PTX liposome + 29.8% 95.7% 22.2% 44.4% 97.8% Sintilimab[121] ChiCTR1900026593 II 47 II-IVA Single-arm 2, Q3W 3-6 wk pCR
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CBP (14/47) (45/47) (10/45) (20/45) (44/45)

Sintilimab[81] SIN-ICE 
study/ChiCTR2100048917

II 23 IC-IVA Single-arm Platinum 3, Q3W 4-6 wk pCR, safety 30.4% 
(7/23)

73.9% 
(17/23)

35.3%, 
(6/17) 

52.9% 
(9/17)

94.1% 
(16/17)

Sintilimab[73] ESONICT-1/ChiCTR2100045659 II 30 IIB-IVA Single-arm DDP + nab-PTX 2, Q3W 4-6 wk pCR, safety 3.3% 
(1/30)

76.6% 
(23/30)

21.7% 
(5/23)

52.2% 
(12/23)

100%

Sintilimab[88] KEEP-G03/NCT03946969 II 30 IB-IVA Single-arm PTX liposom + 
DDP + S1

2, Q3W Within 6 
wk

Safety, 
feasibility

36.7% 100.0% 
(30/30)

20% 
(6/30)

50% 
(15/30)

100%

Toripalimab
[122,123]

NCT03985670 II 30 II-IVA Two-arm PTX + DDP 2, Q3-4W 4-6 wk pCR 8.33% 
(2/24)

80.0% 
(24/30)

20.8% 
(5/24)

NA 100%

Toripalimab
[124]

ChiCTR1900025318 II 23 IIB-IVA Single-arm PTX + DDP 2, Q3W 4-6 wk pCR, R0 rate 8.70% 
(2/23)

78.3% 
(18/23)

33.3% 
(6/18)

NA 100%

Toripalimab
[77]

NCT04177797 II 20 IIIA-IVA Single-arm PTX + CBP 2, Q3W 4-6 wk Safety, 
feasibility, 
MPR, pCR

20.0% 
(4/20)

80.0% 
(16/20)

18.8% 
(3/16)

43.8% 
(7/16)

87.5% 
(14/16)

Toripalimab
[125]

ESONICT-2/ChiCTR2100052784 II 20 IIB-IVA Single-arm DTX + DDP 2, Q3W 4-6 wk pCR, safety 15.0% 
(3/20) 

60.0% 
(12/20)

16.7% 
(2/12)

41.7% 
(5/12)

100%

Toripalimab
[126]

SCALE-1/ChiCTR2100045104 Ib 20 IIB-IVA Single-arm PTX + CBP 2, Q3W 30 Gy/12 f 4-7 wk Safety NA 87.0% 
(20/23)

55% 
(11/20)

80% 
(16/20)

Tislelizumab
[76]

TD-NICE/ChiCTR2000037488 II 45 IIIA-IVA Single-arm CBP + nab-PTX 2, Q3W 3-6 wk MPR 33.3% 
(15/45)

80.0% 
(36/45)

50% 
(18/36)

72% 
(26/36)

97.2% 
(35/36)

Multiple[127] CHICTR2100045659 27 IC-IVA Retrospectively, 
two-arm

Platinum+ PTX 
or platinum + 5-
Fu

2, Q3w 4–8 wk 30-d major 
complications

11.1% 
(3/27)

NA NA NA 100%

NR: Not registered; NA: Not available; 5-FU: 5-fluorouracil; DDP: Cisplatin; PTX: Paclitaxel; DTX: Docetaxel; CBP: Carboplatin; NDP: Nedaplatin; nab-PTX: Albumin bound paclitaxel; S1: Tegafur (Gimeracil and Oteracil Potassium Capsules); 
pCR: Pathological complete response; MPR: Major pathological response; trAEs: Treatment-related adverse events.

Ongoing clinical trials in neoadjuvant immunotherapy
This period marks a surge in clinical trials focused on neoadjuvant immunotherapy, particularly for perioperative 
treatment of ESCC, with a significant number of ongoing RCTs, especially led by Chinese investigators (Table 2). Eight 
ICIs are currently under investigation, with dozens of trials in progress. PD-1 is the primary target in seven of these trials, 
while Adebrelimab targets PD-L1. Camrelizumab is the most extensively studied ICI, involved in ten clinical trials, 
followed by Toripalimab with seven trials. Among these trials, there are 23 single-arm studies, 11 two-arm studies, two 
three-arm studies, and one four-arm study.

An array of combinations of new adjuvant therapies for ESCC are constantly emerging. Most ICIs are being utilized as 
neoadjuvant adjuncts, combined with chemotherapy in 13 trials or CRT in 18 trials. Adebrelimab, a PD-L1-targeting ICI, 
is used alone in one trial (NCT04215471), as is Nivolumab in another (NCT03987815). Camrelizumab, on the other hand, 
is being combined with radiotherapy (NCT05176002 and NCT03200691), or paired with multitargeted small molecule 
inhibitors and CRT or chemotherapy (NCT04666090), or further combined with both CRT and an anti-EGFR antibody 
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Table 2 Ongoing clinical trials of neoadjuvant immunotherapy for resectable esophageal squamous cell carcinoma

Drug & target Trial name/No./Ref. Phase Sample 
size Clinical stage Design Chemotherapy 

drugs
Chemotherapy 
cycles Radiotherapy Interval to 

surgery Primary endpoint Start 
date

FRONTiER/NCT03914443[67] I 36 IC-IVA Two-arm 5-FU + DDP 2, Q3W 12 wk Incidence of dose-
limiting toxicities

07-May-
19

NCT03987815 II 20 NA Single-
arm

NA MPR 01-Aug-
19

Nivolumab

NCT05213312 II-III 90 II-III Two-arm PTX/5-FU + DDP 2, Q3W 4-6 wk pCR 01-Jun-
22

PALACE-1/NCT03792347[85] I 20 IC-IVA Single-
arm

CBP + PTX 5, Q1W 41.4 Gy/23 f 4-6 wk Safety 21-Jan-
19

PALACE-2/NCT04435197[84] II 143 IC-IVA Single-
arm

CBP + PTX 5, Q1 W 41.4 Gy/23 f 4-6 wk pCR 11-Aug-
20

NCT05302011 II 30 IIB/IIIB/IVA Single-
arm

CBP/DDP + DTX 4, Q3W Tumor response, pCR 01-Jun-
20

Pembrolizumab

NCT05281003 II 128 IC-IVA Single-
arm

PTX + DDP 4, Q4W pCR 20-Feb-
23

NCT04520035 II 60 IIB-IVA Single-
arm

PTX + DDP 2, Q3W pCR 01-Aug-
20

NCT04767295 II 28 IA-IVA Single-
arm

nab-PTX + CBP 2, Q3W 5-8 wk pCR 01-Mar-
21

NICE-2 Study/NCT 05043688
[128] 

II 204 Locally 
advanced

Three-arm nab-PTX, CBP, PTX 2, Q3W 41.4 Gy/23 f 4-12 wk pCR 14-Sep-
21

NCT05476380 II 39 IIIB-IVA Single-
arm

PTX + DDP 3, Q3W pCR 19-Feb-
21

NCT05182944 II 130 IIB-IVA Four-arm nab-PTX + DDP 2, Q3W pCR, 3-yr DFS 15-Jan-
22

NCT04937673 II 40 IIB-IVA Two-arm PTX/nab-PTX + DDP 3, Q3W NA Biomarkers related to 
pCR

01-Jul-21

NCT05176002 I-II 26 II-IVA Single-
arm

NA NA Radiotherapy, NA NA Efficacy Safety 23-Sep-
21

NCT04666090 II 42 IIA-IVA Single-
arm

nab-PTX + NDP + 
Apatinib

2-3, Q2W 4-6wk pCR 23-Nov-
20

NCT05355168 I-II 57 IC-IVA Single-
arm

Nimotuzumab + CRT NA pCR, MPR 01-Nov-
21

Single- 10-Aug-

Camrelizumab 

NCT03200691 II 21 IIA-III 40 Gy/20 f 2-4 wk pCR
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arm 17

NCT03940001 I 20 IIB-IVA Single-
arm

PTX + CBP 2, Q3W 41.4 Gy/23 f NA Unacceptable toxicity; 
pCR; MPR

01-May-
19

(NICCE)NCT05028231 NA 46 IIB-IVA Single-
arm

nab-PTX + DDP 2, Q3W pCR 05-Jun-
21

NCT05357846 III 422 IIB-IVA Two-arm PTX + DDP 4, Q1W 40 or 45 Gy / 20 f 6-8 wk OS 01-Nov-
22

Sintilimab

NCT05244798 III 420 IC-IVA Three-arm nab-PTX + CBP 2, Q3 41.4 Gy/23 f 6-8 wk pCR 01-Nov-
22

NCT04280822 III 400 IC-IVA Two-arm DDP + PTX 2, Q3W 2-3 wk 3 yr EFS; 5 yr EFS 21-Apr-
20

NCT04804696 II 53 NA Single-
arm

PTX + DDP NA NA pCR 10-Feb-
21

NCT04177875 II 44 IC-IIIB Single-
arm

DTX/PTX + DDP 2, Q3W 40 Gy/20 f NA MPR; ORR 01-May-
19

NCT04888403 II 45 IIB-IVA Single-
arm

nab-PTX + NDP 5, Q1W 41.4 Gy/23 f Within 7 wk pCR 31-Dec-
21

NCT04644250 II 32 IIB-IVA Single-
arm

CBP + PTX liposome 5, Q1W 41.4 Gy/23 f 2-4 wk pCR 01-Sep-
20

NCT04848753 III 632 IC-IVA Two-arm DDP + PTX NA NA EFS 18-Jun-
21

Toripalimab

NCT04006041 II 44 IIB-IVA Single-
arm

PTX + DDP 4, Q1W 44 Gy/20 f 6-8 wk pCR 25-Jun-
19

iCROSS/NCT04973306 II-III 176 II-III Two-arm CBP + PTX 5, Q1W 41.4 Gy/23 f NA pCR; OS 02-Mar-
22

NCT05323890 II 15 IIB-IVA Single-
arm

nab-PTX + DDP 5, Q1W 41.4 Gy/23 f NA MPR, pCR 20-Apr-
22

NCT04974047 II 70 IIB-IVA Two-arm PTX/5-FU + DDP 2, NA 40 or 45 Gy/20 
fractions

NA pCR 17-Aug-
21

Tislelizumab

NCT05189730 II 80 II-III Single-
arm

PTX + CBP 2, Q3W 40 Gy/20 f 4-6 wk pCR, incidence of 
adverse events

01-Jul-21

Adebrelimab (PD-L1) NATION1907II/NCT04215471 II 30 Resectable Single-
arm

ORR 01-Feb-
20

Durvalumab NCT04568200 II 60 IIB-IVA Two-arm CBP + PTX 4, Q3W 41.4 Gy/23 f pCR 19-Jun-
20

Pembrolizumab (+ 
Adjuvant)

KEYSTONE-002/NCT04807673
[86]

III 342 IC-IIIB Two-arm PTX + DDP 3, Q3W 41.4 Gy/23 f 4-6 wk EFS 01-Dec-
21
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PD-1 Inhibitor REVO/NCT05007145 II 92 IB-IVA Two-arm nab-PTX + DDP 2-4, Q3W 40 Gy/20 f pCR 15-Aug-
21

Toripalimab (+ 
Adjuvant) 

NCT 04437212 II 20 IIB-IVA Single-
arm

PTX/DDP 5, Q3W 41.4 Gy/23 f 6-8 wk MPR 01-Jul-20

EFS: Events-free survival; DFS: Disease-free survival; OS: Overall survival; ORR: Objective response rate; NA: Not available; 5-FU: 5-fluorouracil; DDP: Cisplatin; PTX: Paclitaxel; DTX: Docetaxel; CBP: Carboplatin; NDP: Nedaplatin; 
nab-PTX: Paclitaxel for injection (albumin bound); pCR: Pathological complete response; MPR: Major pathological response.

(NCT05355168).
Several large medical centers are now conducting phases II and III clinical studies based on promising results from 

phases I and II studies. Examples include PALACE-2 (NCT04435197)[84], an advancement of PALACE-1 (NCT03792347)
[85], and KEYSTONE-002 (NCT04807673)[86], another advancement based on Keystone-001 (NCT04389177)[80]. 
Although Pembrolizumab is the ICI being studied in both series of trials, the PALACE trial was designed as neoadjuvant 
immunotherapy combined with chemotherapy, while the Keystone trial was designed as neoadjuvant combined with 
chemotherapy and adjuvant immunotherapy. Most chemotherapy regimens include taxols and platinum, with 5-FU 
being chosen in only two trials. The mainstream radiotherapy method utilizes 41.4 GY divided into 23 fractions, and the 
interval between neoadjuvant therapy and surgery ranges from 2 to 12 wk, with 4-6 wk being the most common choice. 
The primary outcome sought by most ongoing trials is pCR.

Ongoing clinical trials of adjuvant immunotherapy
Despite the benefits of neoadjuvant chemoradiation in improving survival compared to surgery alone, achieving a pCR 
remains challenging, with persistent disease in LNs leading to decreased survival[66]. An RCT involving 346 patients 
with ESCC compared preoperative and perioperative chemotherapy. Both groups received two cycles of paclitaxel, 
cisplatin, and 5-fluorouracil before surgery, but only half received two cycles after surgery. The group receiving adjuvant 
chemotherapy showed an estimated 16% improvement in 5-year survival[87].

In contrast to neoadjuvant methods, adjuvant immunotherapy has received relatively little attention. The global 
CheckMate-577 trial, a randomized, double-blind, placebo-controlled phase III trial, demonstrated the DFS benefit of 
Nivolumab for ESCC (29.7 vs 11.0 mo)[66]. Despite the promising results of CheckMate-577 for adjuvant immunotherapy 
after surgery, there are currently only three ongoing trials in this area. One trial is investigating the effectiveness of 
Toripalimab (NCT04437212) in both neoadjuvant and adjuvant settings. The other two RCTs are assessing postoperative 
adjuvant therapy with Tislelizumab, with one in phase II as a single-arm study and the other in phase III with two-arm 
trials. The phase II trial involves adjuvant immunotherapy combined with CRT, while the phase III trial is adjuvant 
immunotherapy combined with chemotherapy (Table 3). Further details and results from these ongoing trials are eagerly 
awaited.

ISSUES SHOULD BE CONCERNED IN FUTURE
The majority of neoadjuvant immunotherapy trials in ESCC are currently single-arm, phase II clinical trials. These trials 
explore various combinations of different drugs and different methods of other therapies, leading to a continuous 
emergence of new clinical trials in this field. However, it is important to acknowledge that progress in some cases has 
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Table 3 Clinical trials of adjuvant immunotherapy for resectable esophageal squamous cell carcinoma

Drug Trial name/No. Phase Sample 
size Clinical stage Design Chemotherapy 

drugs
Chemotherapy 
cycles Radiotherapy Interval time 

to surgery
Primary 
endpoint Start date Outcome

Nivolumab CheckMate-
577/NCT02743494

III 784 
(ESCC29%)

NA Two-arm NA DFS Completed 22.1:11.0 
mo

Toripalimab (+ 
Neoadjuvant) 

NCT 04437212 II 20 IIB-IVA Single-
arm

PTX + DDP 5, Q3W 41.4 Gy/23 f 6-8 wk MPR Jul 1, 2020

Tislelizumab AIRE/ChiCTR2100045651 III 110 High-risk resected 
locally advanced

Two-arm Platinum-based 
doublets 

2, Q3W DFS May 1, 
2021

Tislelizumab CRISEC/NCT04776590 II 30 NA Single-
arm

PTX + CBP 5, Q1W 41.4 Gy/23 f pCR Jan 28, 
2021

DFS: Disease-free survival; NA: Not available; DDP: Cisplatin; PTX: Paclitaxel; CBP: Carboplatin; pCR: Pathological complete response; MPR: Major pathological response.

been slow or stagnant.
Ethical conduct should be a primary concern in the development of new therapies. As the development of immuno-

therapy is often driven by related industries, methodological, legal, and ethical frameworks can sometimes be 
overlooked. Currently, a significant portion of scientific research in immunotherapy is industry-driven, with various 
pharmaceutical companies involved in registering RCTs. Despite the existence of international research registries aimed 
at improving the transparency of medical research, there are still uncertainties and "not applicable" rules and regulations. 
Consequently, there may be a lack of control over data mining and publication bias. Even if there are significant 
differences between the research protocol and the reported results, most trial outcomes are still published. To ensure the 
reliability, quality, and expected clinical benefits of ongoing and future trials in this field, the medical community and 
relevant stakeholders should focus on curbing the significant increase in "feasibility" trials with unclear expected benefits. 
Emphasizing a few multi-center phase III trials, conducted by leading centers in ESCC research, could be a crucial 
approach to prevent unclear or contradictory results and uphold the integrity of the research.

The second issue of concern in clinical trials is safety, which should be carefully considered throughout the periop-
erative treatment of ESCC. One of the major safety risks is the occurrence of trAEs, especially immune-related adverse 
events. Perioperative immunotherapy trials for ESCC typically consist of three parts: Preoperative neoadjuvant therapy, 
surgery, and postoperative adjuvant therapy. Different immunotherapy drugs are administered at varying intervals: 
Pembrolizumab, Tislelizumab, Atilizumab, Toripalimab, and Sintilimab are usually given at 3-wk intervals, while 
Nivolumab, Camrelizumab, and Durvalumab are given at 2-wk intervals. The treatment cycles generally involve 2-4 
cycles, and multiple factors such as treatment efficacy, surgical timing, economic considerations, and patient compliance 
are taken into account. Since most RCTs in this field are single-arm or two-arm studies within phase I or II, the safety data 
obtained may be limited and not fully comprehensive. This might result in an underestimation of the occurrence and 
severity of trAEs, especially those of grade 3 or above. Additionally, the introduction of new emerging drugs into clinical 
trials adds uncertain factors that could impact the results. Therefore, researchers should be attentive to the incidence and 
severity of trAEs, even when they are below grade 2. In cases where the trAEs are grade 3 or higher in severity, special 
attention should be given to the subjects to avoid fatal consequences. Furthermore, if three or more anti-cancer therapies, 
including immunotherapy, are administered to a subject simultaneously, researchers should exercise caution due to the 
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higher risk of trAEs for the patient. Vigilance and thorough monitoring are essential to ensure the safety of subjects 
throughout the course of treatment.

Neoadjuvant immunotherapy presents a dual challenge, aiming to achieve better treatment outcomes while 
minimizing harm to normal organs caused by immunotherapy. The impact of trAEs during preoperative therapy on 
surgery must be carefully considered. In the trial "KEEP-G 03"[88], 36.7% (11/30) of patients experienced grades 3-4 
TRAEs, but fortunately, these did not result in any surgical delays. However, in another multicenter, single-arm, phase II 
trial using Camrelizumab and chemotherapy as neoadjuvant treatment for locally advanced ESCC[74], 34 patients (56.7%) 
experienced adverse events of grade 3 or worse, with one patient (1.7%) experiencing a fatal grade 5 adverse event due to 
pneumonia and acute respiratory failure. The risk of increased surgical complications after immunotherapy is a concern, 
emphasizing the importance of forming a multidisciplinary team to address trAEs and conduct comprehensive 
evaluations during immunotherapy. Early detection and management of trAEs can minimize the impact on subsequent 
treatment and related complications. Additionally, exploring biomarkers related to trAEs is crucial in the research field.

Surgery itself poses another safety concern. ESCC radical resection is a complex procedure with a high incidence of 
complications, and surgical team experience significantly influences the rate of complications. Patients undergoing 
neoadjuvant treatment may face unexpected surgical challenges. High-volume medical units with stable and mature 
treatment processes, including neoadjuvant therapy and operations, generally have lower complication and mortality 
rates[89]. Therefore, RCTs involving neoadjuvant treatment should preferably be conducted in high-volume centers to 
reduce surgical risks and avoid any adverse impacts. Even in multi-center clinical trials, it is advisable to select larger 
surgical units or include surgeons with significant experience in performing over 100 operations on ESCC, both open and 
minimally invasive surgeries. Such measures ensure optimal surgical outcomes and minimize potential complications.

The third issue pertains to how we can accurately assess the efficacy of chosen drugs or treatments. Imaging is a crucial 
tool for preoperative efficacy assessment. Circulating tumor DNA (ct-DNA) has shown promise as an effective predictive 
method[90]. Positron emission tomography (PET) also has reference value as an assessment method[91,92]. Typically, 
pCR and MPR rates are used to predict efficacy, based on the examination of residual tumor cells in postoperative 
pathology. However, this method has certain limitations[93,94]. First, accurately assessing the pathological conditions of 
ESCC before immunotherapy, especially in cases of LN metastasis, is challenging. Detection can only be done in resected 
specimens after neoadjuvant immunotherapy, leading to an inability to make accurate comparisons with pathological 
specimens before surgery. Second, there is currently no universal standard for evaluating pathological response in ESCC 
after neoadjuvant immunotherapy. Pathologists are relied upon for positioning, measuring, sampling, slicing, and 
labeling, introducing variability. The different patterns of resection after neoadjuvant treatment, involving thoracic 
surgeons and pathologists, may also impact ESCC prognosis[95]. Thus, there is a need for a highly sensitive, specific, and 
preferably repeatable, simple, and feasible biomarker to predict efficacy in clinical practice.

PET is an integral part of the standard staging for ESCC. Its utility and acceptance in initial staging and recurrence 
detection have led to the hypothesis that PET could be used to differentiate responders from non-responders during 
neoadjuvant treatment. However, the precise PET parameters with the best predictive values are still a subject of debate. 
Several traditional PET parameters, such as the maximum and mean standardized uptake value (SUVmax and 
SUVmean), metabolic tumor volume (MTV), and total lesion glycolysis (TLG)[96], have been studied to correlate with 
pathological response. In a study of 31 patients with resectable ESCC or EAC, PET was used prospectively during 
treatment with trimodality therapy, and it was found that baseline TLG and post-chemoradiotherapy TLG were 
associated with OS[97]. More recently, efforts have been made to develop radiomic signatures and more robust predictive 
models. Simoni et al[98] investigated multiple traditional PET parameters and identified several radiomic features, as well 
as tumor regression grade, which correlated with pathological response in a retrospective analysis[98]. However, further 
research is necessary to develop more reliable predictive models and to validate them in prospective randomized trials. 
The credibility of PET evaluations in the era of immunotherapy remains largely unknown. Although PET has shown 
promise in predicting efficacy, especially with regard to OS, its applicability to immunotherapy response assessment is 
not fully understood. If sufficient high-quality CT or PET data, correlating with pathological response in ESCC, can be 
obtained, machine learning and artificial intelligence (AI) may emerge as new methods for evaluating neoadjuvant 
immunotherapy in ESCC. Such advancements could potentially enhance our ability to predict treatment outcomes and 
optimize patient care.

As of the current writing, specific biomarkers that can precisely determine the efficacy or predict perioperative surgery 
outcomes of ESCC have not been identified. However, several biomarkers have been explored mainly based on immuno-
logical and genetic criteria, including PD-L1 expression, intertumoral lymphoid infiltrates, dMMR/microsatellite instable 
(MSI), tumor mutation burden (TMB)/tumor neoantigen burden (TNB), and human leukocyte antigen (HLA)[99]. Among 
these biomarkers, PD-L1 expression is one of the best characterized for anti-PD-1/PD-L1 therapy. It is assessed using 
immunohistochemistry (IHC) staining and evaluated by the combined positive score (CPS) or tumor proportional score 
(TPS). CPS is determined by dividing the number of PD-L1-positive cells (tumor cells and other lymphocytes) by the total 
number of tumor cells[100], while TPS is calculated by dividing the number of PD-L1-positive tumor cells by the total 
number of tumor cells. In general, high PD-L1 expression usually correlates with an improved objective response to anti-
PD-1/PD-L1 therapy[101]. However, some clinical studies have failed to consistently demonstrate this correlation, 
showing that patients with tumors showing high PD-L1 expression do not always respond to PD-1/PD-L1 blockade
[102]. The relationship between PD-L1 expression and clinical outcome in ESCC remains a topic of controversy[103]. 
While some studies have shown that PD-L1 overexpression is associated with poor clinical outcomes[104], others have 
indicated a favorable prognosis[105].

Studies have also shown that circulating tumor cells (CTCs) and ct-DNA have a predictive role in evaluating the 
treatment efficacy of PD-1/PD-L1 inhibition[106,107]. CTCs have been found to be associated with a poor response to PD-
L1 inhibitors in non-small cell lung cancer (NSCLC)[106]. Similarly, ct-DNA minimal residual disease (ct-DNA MRD) is 
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an important indicator for monitoring the efficacy of treating NSCLC[108]. Therefore, it is worth exploring whether CTCs 
and ct-DNA can be introduced into the long-term follow-up of ESCC to help assess treatment response and predict 
patient outcomes. However, further research is needed to validate the predictive value of these biomarkers in ESCC and 
determine their potential role in guiding treatment decisions for patients undergoing perioperative immunotherapy.

The fourth issue pertains to the long-term benefits of perioperative immunotherapy. Many clinical trials on periop-
erative immunotherapy have focused on short-term or mid-term outcomes, such as safety, feasibility, and pCR. However, 
the true primary outcomes that need to be concerned with are long-term OS and PFS, regardless of the type of immuno-
logical drugs selected or the combination with other anti-cancer therapies. For neoadjuvant anti-PD-1 therapy in 
resectable NSCLC, a trial with a median follow-up of 63 mo (NCT02259621) reported promising long-term outcomes. The 
5-year recurrence-free survival (RFS) and OS rates were 60% and 80%, respectively[109]. Similarly, a study evaluating 
neoadjuvant anti-PD-1 treatment for localized dMMR colorectal cancer (CRC) also reported positive long-term follow-up 
data. Among patients who underwent surgery or achieved complete response, the 2-year tumor-specific disease-free and 
OS rates were both 100%[110].

In the context of resectable locally advanced ESCC, neoadjuvant chemotherapy and nCRT remain the standard 
treatments before surgery. While immune checkpoint-based therapy shows promise, it currently benefits only a small 
proportion of ESCC patients. Therefore, perioperative immunotherapy should be strictly monitored with ethical 
confirmation and preferably conducted within clinical trials. Patients must be fully informed about the potential benefits 
and risks and give informed consent before participating. Accurate screening of target populations and appropriate 
choice of combination therapy will be crucial for future research in this field. The importance of monitoring and 
managing trAEs, especially when combining immunotherapies with other anti-cancer therapies, cannot be ignored. 
Robust predictive and prognostic biomarkers or comprehensive biomarkers need to be identified to optimize treatment 
strategies and ensure the most effective therapy for patients. The development of clinical consensus or guidelines based 
on research findings will also be necessary to ensure that patients receive the most applicable and effective immuno-
therapy treatments.

CONCLUSION
The utilization of immunotherapy is progressively transitioning from a second-line approach for advanced or metastatic 
cases to a perioperative strategy for resectable locally advanced ESCC. Despite the current results lacking comprehens-
iveness and robustness, substantial advancements in perioperative immunotherapy for ESCC are evident. With the 
assurance derived from existing outcomes, numerous EC centers are now engaged in conducting multicenter, multi-arm 
RCTs. These RCTs hold the promise of providing further insights into the value of perioperative immunotherapy. It is 
plausible that in the near future, perioperative immunotherapy will emerge as a pivotal component of comprehensive 
treatment for resectable locally advanced ESCC. However, the determination of the optimal drug or the most effective 
combination of therapies, as well as the potential role of AI as an assistant, will require further observation and invest-
igation.
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Abstract
BACKGROUND 
Hepatocellular carcinoma (HCC) is a common clinical condition with a poor 
prognosis and few effective treatment options. Potent anticancer agents for 
treating HCC must be identified. Epigenetics plays an essential role in HCC 
tumorigenesis. Suberoylanilide hydroxamic acid (SAHA), the most common 
histone deacetylase inhibitor agent, triggers many forms of cell death in HCC. 
However, the underlying mechanism of action remains unclear. Family with 
sequence similarity 134 member B (FAM134B)-induced reticulophagy, a selective 
autophagic pathway, participates in the decision of cell fate and exhibits anti-
cancer activity. This study focused on the relationship between FAM134B-induced 
reticulophagy and SAHA-mediated cell death.

AIM 
To elucidate potential roles and underlying molecular mechanisms of reticu-
lophagy in SAHA-induced HCC cell death.

METHODS 
The viability, apoptosis, cell cycle, migration, and invasion of SAHA-treated Huh7 
and MHCC97L cells were measured. Proteins related to the reticulophagy 
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pathway, mitochondria-endoplasmic reticulum (ER) contact sites, intrinsic mitochondrial apoptosis, and histone 
acetylation were quantified using western blotting. ER and lysosome colocalization, and mitochondrial Ca2+ levels 
were characterized via confocal microscopy. The level of cell death was evaluated through Hoechst 33342 staining 
and propidium iodide colocalization. Chromatin immunoprecipitation was used to verify histone H4 lysine-16 
acetylation in the FAM134B promoter region.

RESULTS 
After SAHA treatment, the proliferation of Huh7 and MHCC97L cells was significantly inhibited, and the 
migration and invasion abilities were greatly blocked in vitro. This promoted apoptosis and caused G1 phase cells 
to increase in a concentration-dependent manner. Following treatment with SAHA, ER-phagy was activated, 
thereby triggering autophagy-mediated cell death of HCC cells in vitro. Western blotting and chromatin immuno-
precipitation assays confirmed that SAHA regulated FAM134B expression by enhancing the histone H4 lysine-16 
acetylation in the FAM134B promoter region. Further, SAHA disturbed the Ca2+ homeostasis and upregulated the 
level of autocrine motility factor receptor and proteins related to mitochondria-endoplasmic reticulum contact sites 
in HCC cells. Additionally, SAHA decreased the mitochondrial membrane potential levels, thereby accelerating the 
activation of the reticulophagy-mediated mitochondrial apoptosis pathway and promoting HCC cell death in vitro.

CONCLUSION 
SAHA stimulates FAM134B-mediated ER-phagy to synergistically enhance the mitochondrial apoptotic pathway, 
thereby enhancing HCC cell death.

Key Words: Suberoylanilide hydroxamic acid; Histone H4 lysine-16; Reticulophagy; Apoptosis; Autophagic cell death; 
Hepatocellular carcinoma
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Core Tip: Family with sequence similarity 134 member B (FAM134B) is considered to be a tumor suppressor protein that 
can play a pivotal role in inhibiting hepatocellular carcinoma (HCC) cells. In addition, FAM134B acts as a putative reticu-
lophagy receptor in the regulation of the reticulophagy process. Furthermore, suberoylanilide hydroxamic acid (SAHA) 
upregulates FAM134B expression in HCC cells and promotes apoptosis and autophagy-mediated cell death. Thus, 
FAM134B-mediated reticulophagy synergizes with SAHA to induce HCC cell death. Our findings offer novel insights into 
the mechanism underlying SAHA-induced HCC cell death.
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reticulophagy receptor expression and promotes cell death in hepatocellular carcinoma cells. World J Gastroenterol 2023; 29(34): 
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INTRODUCTION
Hepatocellular carcinoma (HCC) represents the most well-known and prevalent primary liver cancer in China. The 
mortality rates with HCC have consistently increased annually[1]. Immune checkpoint therapies have recently emerged 
as noteworthy treatments for HCC[2-4]. A considerable proportion of patients, approximately 70% with advanced HCC, 
fail to derive benefits from immunotherapy[5]. Thus, pursuing more potent anticancer medications to combat HCC must 
persist. Owing to its high degree of malignancy, poor prognosis, and relatively limited range of treatment strategies, it is 
necessary to seek more powerful anticancer agents for treating HCC. In the past decade, accumulating evidence has 
validated the role that epigenetics plays in HCC tumorigenesis[6,7]. Epigenetic regulation changes the transcriptional 
activity of key genes without altering DNA sequences[8,9].

Epigenetic regulation occurs primarily through DNA methylation, post-translational histone modification, chromatin 
remodeling, and non-coding RNA-mediated gene silencing[10]. Current therapies targeting epigenetic modifications to 
cancer mainly include DNA methyltransferases and histone deacetylases (HDACs) as well as microRNAs (miRNAs). Due 
to the widespread existence of DNA methylation variation in HCC, a variety of corresponding regulators of DNA methyl-
transferase have been developed[11]. At the same time, miRNAs such as miRNA-148a are used in anti-HCC therapy by 
combining with oncolytic viruses.

Histone acetylation modification, induced by HDACs and histone acetyltransferases, is a prominent mode of 
epigenetic regulation[12]. The histone acetylation/deacetylation balance is dynamically regulated to maintain global 
chromatin structure[13]. Therefore, any dysregulation may contribute to altered gene expression, leading to pathological 
conditions, such as HCC. Suberoylanilide hydroxamic acid (SAHA) represents the most typical HDAC inhibitor (HDACi) 
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and was the first of its kind to be approved for human treatment. So far, SAHA has been found to induce the differen-
tiation of malignant tumor cells and accelerate apoptosis in vitro and in vivo[14]. According to our previous results, SAHA 
may act as a potential initiator of endoplasmic reticulum (ER) stress-associated apoptosis in HepG2 hepatoma cells by 
activating ER stress-related apoptotic pathways[15]. However, it is still unknown whether SAHA utilizes a new 
mechanism to induce HCC cell death through some different therapeutic targets.

Acetylation of histone H4 lysine 16 (H4K16ac) is important for gene initiation[16]. Recently, researchers have found 
that H4K16ac is closely associated with autophagy induction and significantly correlated with autophagy regulation. 
Moreover, deacetylase inhibitors can promote the upregulation of H4K16ac and lead to autophagic death of cancer cells
[17]. However, the regulatory mechanism underlying the induction of H4K16ac-mediated reticulophagy is unclear.

Family with sequence similarity 134 member B (FAM134B) has been proposed as a cancer suppressor gene[18,19]. 
Numerous researchers have demonstrated that in colorectal carcinoma, the presence of FAM134B limits the overgrowth 
and suppresses the proliferation of cancer cells[20,21]. In addition, FAM134B acts as a putative reticulophagy receptor in 
regulating ER turnover and maintaining calcium homeostasis by remodeling ER[22,23]. Recent findings have also 
identified that FAM134B-mediated ER-phagy may regulate ER-mitochondrion interaction[24]. As the largest cellular 
organelle, the ER can interact with mitochondria through multiple contact sites, termed mitochondria-ER contact sites 
(MERCS).

Many ER-related and mitochondria-related proteins have been discovered at MERCS, including the inositol 1, 4, 5-
trisphosphate receptor type 1 (IP3R1)/glucose-regulated protein 75 (GRP75)/voltage-dependent anion channel 1 
(VDAC1) complex, which is a central component of MERCS that contributes to calcium exchange regulation[25,26]. 
Recent research has suggested that Ca2+ deregulation between ER and mitochondria by MERCS led to mitochondrial 
calcium overload, thereby activating the mitochondria-associated apoptotic pathway[27]. In the present study, we 
verified that SAHA treatment augmented FAM134B expression and facilitated Huh7 and MHCC97L HCC cell apoptosis; 
however, the regulatory mechanisms underlying this effect remain unknown. In our study, we elucidated potential roles 
and underlying molecular mechanisms of reticulophagy in SAHA-induced HCC cell death. Our findings may offer new 
perspectives for clinical trials of HCC.

MATERIALS AND METHODS
Cell culture and treatments
The human Huh7 and MHCC97L cell lines were derived from the cell bank of the Chinese Academy of Sciences 
(Shanghai, China). Both cell lines were cultivated at 37 °C in a 5% CO2-supplemented atmosphere and maintained in 
high-glucose Dulbecco’s modified Eagle’s medium (ESscience, Shanghai, China) supplemented with 10% fetal bovine 
serum (Gibco, Grand Island, NY, United States) and 1% penicillin-streptomycin (BioInd, Beit-Haemek, Israel). SAHA 
(Abcam, Cambridge, United Kingdom) was dissolved in dimethyl sulfoxide as a 5 mmol/L stock solution and then 
diluted with the complete medium to achieve ultimate concentrations of 0-24 μmol/L. Both cell lines were exposed to 
SAHA or vehicle treated with 0.1% dimethyl sulfoxide.

Cell counting kit-8 assay
Cell counting kit-8 (CCK-8) assay was applied to evaluate the anti-proliferative effects of SAHA. Briefly, MHCC97L and 
Huh7 cells (5 × 103) were plated onto 96-well plates and given 24 h to adhere before being treated with SAHA. The cells 
were then exposed to various doses of SAHA (0, 0.5, 1, 3, 6, 9, 12, 18, and 24 μmol/L) for 48 h. Subsequently, 10 μL CCK-8 
reagent (Solarbio, Beijing, China) was added to each well and incubated for 4 h. Absorbance at 450 nm was recorded 
using a spectrophotometer (BioRad, Hercules, United States). The IC50 of SAHA was calculated using GraphPad Prism 
software (v9.0.0, GraphPad Software, La Jolla, CA, United States).

Flow cytometry
The data regarding the apoptosis and cell cycle of HCC cells treated with 0, 1, 3, 6, and 12 μmol/L SAHA were obtained 
via standard flow cytometry (NovoCyte, Agilent, Santa Clara, CA, United States). The apoptosis assay was carried out 
using a cellular apoptosis detection kit (KeyGEN BioTECH, Nanjing, China) following the manufacturer’s protocol. 
Briefly, Huh7 and MHCC97L cells were plated onto 6-well plates at 1 × 105 cells per well before adding SAHA solution. 
Then, each group of cells was harvested, rinsed with chilled phosphate buffered saline (PBS), and loaded with binding 
buffer. The cells were labelled with Annexin V-FITC/propidium iodide (PI) solution, and the stained cells were 
calculated using the flow cytometer. Similarly, cell cycle analysis was conducted using the flow cytometer following the 
manufacturer’s instructions. Each group of cells was collected and washed thrice with chilled PBS. The cells were fixed 
with 70% ethanol and stained with PI/RNase I solution (KeyGEN BioTECH), and the percentages of cells in the G1, S, 
and G2 stages were measured using the flow cytometer. The inbuilt software NovoExpress® 1.4.1 was used for statistical 
analysis.

Wound healing assay
The wound healing assay was monitored to evaluate the effect of SAHA on HCC cell migration. Briefly, Huh7 and 
MHCC97L cells (3 × 104) were planted onto 6-well plates, grown until they formed an optically confluent monolayer, and 
then wounded with a sterile 200 μL micropipette tip. Upon treatment with 0 μmol/L or 3 μmol/L SAHA for 48 h, HCC 
cells were photographed using a microscope (× 40).
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Transwell assay
The cell invasion and migration assay in vitro was carried out using 24 transwell plates divided into upper and lower 
chambers using sterile polycarbonate with 8 μm pore size (Corning Life Science, Corning, NY, United States). The sterile 
polycarbonate covered 200 μL Matrigel (BD Biosciences, San Jose, CA, United States) in the cell invasion assay but not in 
the cell migration assay. Upon treatment with 0 μmol/L or 3 μmol/L SAHA for 48 h, cells that passed through the pore 
were stained with crystal violet, photographed, and quantified.

Western blot analysis
Huh7 and MHCC97L cells were exposed to 0, 1, 3, 6, and 12 μmol/L SAHA for 48 h. Then, the cells were rinsed with pre-
chilled PBS, lysed in 100 μL RIPA lysis buffer with protease inhibitor (Solarbio), and collected with cell scrapers. Protein 
samples were boiled for 5 min, and total protein extracts were subjected to standard sodium-dodecyl sulfate gel electro-
phoresis and subsequently removed to polyvinylidene difluoride membranes (Merck Millipore, Burlington, MA, United 
States). The membranes were blocked with rapid blocking solution and stained overnight with the corresponding 
primary antibodies, including FAM134B (Proteintech; Wuhan, China 1:1500), CCPG1 (Proteintech; 1:1500), LC3 (Abcam; 
1:2000), ATG12 (Cell Signaling Technology; Danvers, MA, United States 1:1500), H4 (Proteintech; 1:2000), total acH4 
(Proteintech; 1:2000), H3K27ac (Cell Signaling Technology; 1:6000), H4K5ac (Cell Signaling Technology; 1:6000), H4K12ac 
(Cell Signaling Technology; 1:6000), H4K16ac (Abcam; 1:10000), GRP75 (Abcam; 1:2000), VDAC1 (Abcam; 1:2000), IP3R 
(Abcam; 1:1000), autocrine motility factor receptor (AMFR) (Proteintech; 1:500), cyt c (Cell Signaling Technology; 1:1500), 
cleaved caspase-3 (Cell Signaling Technology; 1:1500), Bax (Cell Signaling Technology; 1:1500), Bcl-2 (Cell Signaling 
Technology; 1;1500), and β-actin (Abcam; 1:1000), followed by incubation with the corresponding secondary antibodies 
(1:8000). Polyvinylidene fluoride membranes carrying proteins were treated with enhanced chemiluminescence reagent 
(Solarbio), and ImageLab software was used to observe the protein bands.

Live imaging of the ER and lysosomes
ER-trackers and Lyso-trackers (Beyotime; Nanjing, China), the specific organelle dyes, were applied to stain and locate ER 
and lysosomes, respectively. Huh7 and MHCC97L cells were exposed to 0, 1, 3, 6, and 12 μmol/L SAHA for 48 h. Then, 
the cells were coincubated with the two tracking dyes at 37 °C for 45 min and rinsed thrice with PBS. The stained cells 
were viewed at × 200 magnification under a confocal microscope (Olympus, Tokyo, Japan) and immediately imaged.

Hoechst 33342/PI double chromatin staining assay
Huh7 and MHCC97L cells (3 × 104) were seeded in confocal laser Petri dishes. The cells were pretreated with 0.5 nmol/L 
bafilomycin A1 (MedChemexpress, NJ, United States) for 12 h and then exposed with 12 μmol/L SAHA for 48 h. 
Subsequently, Hoechst 33342/PI double fluorescent chromatin staining assay was conducted using a Viastain™ Hoechst 
33342/PI viability kit (Beyotime). Cells were stained with Hoechst 33342 and PI for 30 min at 25 °C in the dark. The 
labelled cells were observed with a confocal microscope under × 400 magnification.

Mitochondrial calcium labeling
Rhod-2 AM Red (Abcam), a specific Ca2+ indicator, was applied to detect the level of mitochondrial Ca2+. Huh7 and 
MHCC97L cells were exposed to 0, 1, 3, 6, and 12 μmol/L SAHA for 48 h and rinsed thrice with Hank’s balanced salt 
solution. The treated cells were labelled with a mixture of Mito-Tracker Green (Beyotime) and Rhod-2 AM Red 
(Beyotime) and incubated for 50 min. The labelled cells were observed with a confocal microscope under × 400 
magnification.

Chromatin immunoprecipitation
Chromatin immunoprecipitation (ChIP) assay of Huh7 cells was conducted as described previously[28]. Huh7 cells 
treated with 0 μmol/L or 6 μmol/L SAHA were subjected to ChIP assay using a ChIP Kit (Thermo Fisher Scientific, 
Waltham, MA, United States). In brief, the Huh7 cells were cross-linked with 1% formaldehyde and lysed with sodium-
dodecyl sulfate lysis buffer. The lysate was sonicated and centrifuged (9000 × g/min) to harvest chromatin fragments 
(200-1000 bp). Immunoprecipitation was conducted with the following antibodies: anti-H4K16ac (1:50); rabbit IgG (1:50); 
and anti-RNA polymerase II (1:50). A no-antibody sample was used as input control. Input DNA and ChIP DNA were 
detected via quantitative polymerase chain reaction.

JC-1 fluorescence mitochondrial imaging
The JC-1 fluorescence mitochondrial imaging technique was applied to examine the mitochondrial membrane potential of 
HCC cells treated with 0, 1, 3, 6, and 12 μmol/L SAHA. Briefly, Huh7 and MHCC97L cells (1 × 105) were plated onto 6-
well plates before adding SAHA solution and incubated with JC-1 fluorescence solution in an incubator for 20 min. 
Analysis was performed using a flow cytometer.

Statistical analysis
Data were processed and analyzed, and experimental graphs were prepared using GraphPad Prism software. All 
experiments were conducted in biological triplicate. All data are shown as means ± standard deviation. One-way analysis 
of variance was conducted for multigroup comparisons. P values less than 0.05 were considered to indicate significance.
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RESULTS
SAHA suppressed the overgrowth of HCC cells by inducing G1 phase arrest and apoptosis in vitro
In our previous study, we confirmed that SAHA suppressed the overgrowth of HepG2 cells and mediated apoptosis by 
promoting the ER stress-associated apoptotic pathway[15]. However, this was not demonstrated in Huh7 and MHCC97L 
cells. As presented in Figure 1A, HCC cell growth was notably suppressed in SAHA-treated cells; the semi-lethal dose 
was 12 μmol/L. Apoptosis in Huh7 and MHCC97L cells was determined using flow cytometry with different SAHA 
concentrations. Consistent with previous studies, SAHA induced apoptosis in Huh7 and MHCC97L cells (Figures 1B and 
C). The percentage of specific cell populations that were early apoptotic and late apoptotic throughout the apoptotic stage 
is shown in Figure 1C. In addition, cell cycle assay results showed that an increasing number of cells were blocked in the 
G1 phase (Figures 1D-F).

SAHA suppressed the migration and invasion of HCC cells
Both Huh7 and MHCC97L cells were tested under various treatment conditions (0 μmol/L or 3 μmol/L SAHA) to assess 
their ability to cross a membrane from low to high nutrient solution in vitro. Serum was used as an inducer, mimicking 
the process of tumor cell invasion into adjacent tissues in vivo. Cells invading through the semiporous membrane into the 
underlying medium containing a high serum concentration were photographed under an optical microscope (Figures 2A 
and B) and quantitatively analyzed (Figures 2C and D). The model cells were compared with the control sample, which 
was assumed to represent 100% invasion without any treatment. Huh7 and MHCC97L cells showed 78% and 68% lower 
migration and 44% and 30% lower invasion following treatment with 3 μmol/L SAHA, respectively. Further wound-
healing tests were used to verify how cancer cells interact and move. The results showed a gradual decrease in cell 
migration distance after SAHA treatment (Figure 2E). Overall, SAHA resulted in reduced cell invasion and migration in 
HCC cells.

SAHA enhanced the level of ER-phagy and augmented autophagy-mediated cell death in HCC cells
The effect of SAHA on FAM134B-mediated ER-phagy was assessed using western blotting. In HCC cells, SAHA increases 
the expression of proteins linked to the reticulophagy-related signaling pathway. We found increases in the expression of 
FAM134B, CCPG1, and autophagy-related protein Atg12 and the LC3-II/LC3-I ratio (Figures 3A-C). In the process of 
reticulophagy, ER fragments were delivered to lysosomes for final degradation. To detect the final state of ER autophagic 
lysosome formation, we used organelle markers that could trace the ER and lysosomes to detect the colocalization of 
both. We found that colocalization coverage of the ER and lysosomes increased in Huh7 and MHCC97L cells under 
SAHA treatment (Figure 3D). The above results suggested that SAHA could enhance the level of ER-phagy in HCC cells.

Previous research has reported that appropriate autophagy is a protective response under cellular stress conditions, 
but uncontrolled autophagy leads to autophagy-mediated cell death[29]. To further verify whether autophagic death 
mode exists in HCC cells under SAHA treatment, Huh7 and MHCC97L cells were pretreated with BafA1, a specific 
inhibitor of the late phase of autophagy that restrains autophagosomal fusion with lysosomes, 12 h before SAHA 
treatment. Nuclear double staining with Hoechst 33342 and PI was conducted to observe the level of cell death in the 
treated cells. The results showed that HCC cells treated with 12 μmol/L SAHA for 48 h after pretreatment with BafA1 
exhibited significantly lower cell death rates compared with cells treated with 12 μmol/L SAHA alone, indicating that 
autophagy-mediated cell death was involved in SAHA-induced HCC cell death (Figure 3E).

SAHA upregulated the level of histone acetylation modification and enhanced H4K16ac in the promoter region of 
FAM134B in HCC cells
After SAHA treatment, the levels of H3K27ac, total H4ac, H4K5ac, H4K12ac, and H4K16ac in Huh7 and MHCC97L cells 
were determined using western blotting. We found that various doses of SAHA could upregulate the levels of these 
proteins (Figures 4A-C). Histone hyperacetylation results in gene transcription activation, and recent findings have 
shown that H4K16ac is linked to the regulation of autophagy-related genes; therefore, we further focused on the 
regulatory role of H4K16ac in gene expression. We conducted ChIP assays to confirm whether the regulation of FAM134B 
transcription by SAHA was mediated by H4K16ac upregulation. Our results showed that H4K16ac in the FAM134B 
promoter region was significantly increased in Huh7 cells (Figure 4D).

SAHA disturbed Ca2+ homeostasis and upregulated the expression of AMFR and MERCS-related proteins in HCC cells
After SAHA treatment, the level of cytosolic Ca2+ in Huh7 and MHCC97L cells was determined using Rhod-2 AM Red 
staining, and mitochondrial Ca2+ was colocalized with Mito-Tracker Green and Rhod-2 AM Red. The results showed that 
SAHA markedly elevated cytosolic and mitochondrial Ca2+ levels (Figures 5A and B). Classical papers reported that 
increased cytosolic Ca2+ could increase the expression of AMFR, which targets the outer mitochondrial membrane (OMM) 
for ubiquitination and degradation[30-32]. We evaluated the protein level of AMFR in Huh7 and MHCC97L cells and 
found that SAHA could considerably increase AMFR protein levels. The IP3R-GRP75-VDAC1 complex is one of the most 
significant components of MERCS, which regulates ER-mitochondrial calcium flux. To determine the altered expression 
of MERCS in response to SAHA, the levels of IP3R, GRP75, and VDAC1 were examined using protein blots. Similar to 
our hypothesis, SAHA administration raised the protein levels of the above three proteins relative to the control group 
(Figures 5C-E). These findings showed that SAHA contributed to calcium buildup in the mitochondria by enhancing the 
interaction between the ER and mitochondria.
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Figure 1 Impact of suberoylanilide hydroxamic acid treatment on cell viability, cell cycle dispersion, and cellular apoptosis in Huh7 and 
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MHCC97L cells. A: Huh7 and MHCC97L cells were treated with 0, 0.5, 1, 3, 6, 9, 12, 18, and 24 μmol/L suberoylanilide hydroxamic acid (SAHA) for 48 h. The 
proliferation of Huh7 and MHCC97L cells upon SAHA treatment was monitored using a cell counting kit-8 assay; B-F: Huh7 and MHCC97L cells were exposed to 0, 
1, 3, 6, and 12 μmol/L SAHA for 48 h. The proportions of apoptotic cells and the cell cycle dispersion were detected using flow cytometer. Experiments were repeated 
thrice. Representative results from three independent replicate assays are shown. Data are exhibited as mean ± standard deviation. aP < 0.05 vs 0 μmol/L group (n = 
3). PI: Propidium iodide.

Figure 2 Impact of suberoylanilide hydroxamic acid treatment on the migration and invasion of Huh7 and MHCC97L cells. A and B: During 
experimental verification, the mobile ability of hepatocellular carcinoma cells could not be observed in the 6 μmol/L and 12 μmol/L suberoylanilide hydroxamic acid 
(SAHA) groups and even the cell growth was directly inhibited. Therefore, we selected 3 μmol/L SAHA to treat Huh7 and MHCC97L cells in a transwell assay. Both 
cell lines were vehicle-treated with 0.1% dimethyl sulfoxide or exposed to 3 μmol/L SAHA for 48 h. The migration and invasion behavior of cells was evaluated by 
calculating the cells stained using crystal violet. Representative pictures of invaded hepatocellular carcinoma cells from three independent replicate assays are 
exhibited; C and D: Statistical graphs; E: In the cell scratch experiment, the space in the middle was artificially divided into regions to observe the motility of Huh7 and 
MHCC97L cells upon treatment with various doses of SAHA (0, 1, 3, 6, and 12 μmol/L) for 48 h. All cells were observed under an inverted microscope with a 40-fold 
objective lens. Data are exhibited as mean ± standard deviation. aP < 0.05 vs control group (n = 3).

SAHA treatment activated the mitochondrial apoptotic pathway by decreasing mitochondrial membrane potential
After SAHA treatment, mitochondrial membrane potential was monitored via JC-1 staining. We found that SAHA 
treatment reduced mitochondrial membrane potential (Figures 6A and B). To investigate the particular SAHA-induced 
apoptotic processes, the levels of cyt c, caspase-3, and proteins related to the Bcl-2 family were detected using western 
blotting. The experimental results revealed that SAHA upregulated the expression of cyt c, cleaved caspase-3, and Bax 
and downregulated the expression of Bcl-2 (Figures 6C-E). These results clearly indicated that the mitochondrial 
membrane potential was at a lower level, and the mitochondrial apoptotic pathway was activated under the action of 
SAHA.
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Figure 3 Impact of suberoylanilide hydroxamic acid treatment on the level of endoplasmic reticulum-phagy and autophagy-mediated cell 
death in Huh7 and MHCC97L cells. A-C: Huh7 and MHCC97L cells were exposed to 0, 1, 3, 6, and 12 μmol/L suberoylanilide hydroxamic acid for 48 h. 
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Proteins related to the reticulophagy pathway were detected using western blotting. Relative protein expression levels were normalized to β-actin; D: The 
colocalization coverage of the endoplasmic reticulum and lysosomes were observed using a confocal microscope (× 400). Representative pictures from three 
independent replicate assays are exhibited; E: Huh7 and MHCC97L cells were pretreated with 0.5 nmol/L BafA1 for 12 h, followed by 12 μmol/L suberoylanilide 
hydroxamic acid treatment for 48 h. Hoechst 33342/propidium iodide (PI) double staining localization assay was utilized to observe nuclear coagulation. After Hoechst 
33342/PI double staining, the death rate of hepatocellular carcinoma cells was quantified based on the ratio of pink cells/blue cells. Experiments were repeated thrice. 
Representative pictures from three independent replicate assays are shown. Data are exhibited as mean ± standard deviation. aP < 0.05 vs 0 μmol/L group. SAHA: 
Suberoylanilide hydroxamic acid; ER: Endoplasmic reticulum; FAM134B: Family with sequence similarity 134 member B.

Figure 4 Impact of suberoylanilide hydroxamic acid treatment on the levels of histone H4 lysine 16 acetylation in the promoter region of 
family with sequence similarity 134 member B in Huh7 and MHCC97L cells. A-C: Huh7 and MHCC97L cells were exposed to 0, 1, 3, 6, and 12 μmol/L 
suberoylanilide hydroxamic acid for 48 h. Relative protein levels of histone H3 lysine 27 acetylation (H3K27ac), total H4ac, H4K5ac, H4K12ac, and H4K16ac were 
normalized to total histone H4. Representative western blot images from three independent replicate assays are exhibited; D: Huh7 cells were exposed to 0 μmol/L or 
6 μmol/L suberoylanilide hydroxamic acid for 48 h. Quantification of the acetylated histone H4K16-related promoter region of family with sequence similarity 134 
member B in Huh7 cells was measured using chromatin immunoprecipitation assay and quantitative polymerase chain reaction. Data are exhibited as mean ± 
standard deviation. aP < 0.05 vs 0 μmol/L group (n = 3). FAM134B: Family with sequence similarity 134 member B; ChIP: Chromatin immunoprecipitation.

DISCUSSION
SAHA, also known as vorinostat, is an HDACi that has shown tumor-suppressive properties in clinical trials[33]. 
Findings have revealed that SAHA could suppress cell proliferation and accelerate apoptosis in multiple malignant 
tumor cells. Scholars have demonstrated that SAHA increased the expression of death receptor 5 in liver cancer cells, 
which led to the initiation of the death receptor-mediated apoptosis pathway[34]. Furthermore, SAHA contributed to the 
initiation of the mitochondria-related apoptosis pathway by enhancing the protein level of Bim and Bax[35]. Our previous 
study found that SAHA could initiate the ER stress-related apoptotic pathway to foster apoptosis in liver cancer cells by 
upregulating the protein level of CHOP, a transcription factor that accelerates proapoptotic gene transcription[15]. In the 
present study, we found that SAHA suppressed the proliferation and induced cell cycle arrest in Huh7 and MHCC97L 
cells. Moreover, SAHA initiated Huh7 and MHCC97L cell apoptosis.

We also indicated that SAHA could augment the expression of FAM134B, a putative cancer suppressor gene. Studies 
have uncovered the pivotal role of FAM134B in multiple malignancies. Lee et al[20] reported that FAM134B may exert 
anticancer effects by influencing mitochondrial function and inducing cell cycle arrest in colon cancer. FAM134B also acts 
as a cancer suppressor in breast carcinoma. Upregulating FAM134B expression was significantly correlated with a higher 
survival in patients with breast carcinoma[36]. Zhong[37] confirmed that FAM134B was decreased in liver cancer, and its 
decreased expression was correlated with malignant liver cancer. In contrast, upregulation of FAM134B inhibited HepG2 
cell proliferation and enhanced cell apoptosis. FAM134B was proposed as the first discovered mammalian receptor of 
reticulophagy[38,39], a type of selective phagocytosis. As an ER-anchored protein, FAM134B mediates the sequestration 
of ER fragments into phagophore membranes through its LC3-interacting region, which binds the autophagy modifier 
protein LC3[40-42]. In the present study, we detected the proteins related to ER-phagy in Huh7 and MHCC97L cells 
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Figure 5 Impact of suberoylanilide hydroxamic acid treatment on Ca2+ homeostasis and the expression of autocrine motility factor 
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receptor and proteins related to mitochondria-endoplasmic reticulum contact sites in Huh7 and MHCC97L cells. A: Huh7 and MHCC97L cells 
were exposed to 0, 1, 3, 6, and 12 μmol/L suberoylanilide hydroxamic acid (SAHA) for 48 h and stained with Rhod-2 AM. The cells were observed under a confocal 
microscope (× 400 magnification); B: Huh7 and MHCC97L cells were exposed to 0, 1, 3, 6, and 12 μmol/L SAHA for 48 h and simultaneously stained with Mito-
Tracker Green and Rhod-2 AM Red. The cells were observed under a confocal microscope (× 400 magnification). The scale is 100 μm; C-E: Representative western 
blot images showed the expression of inositol 1, 4, 5-trisphosphate receptor type 1, glucose-regulated protein 75, voltage-dependent anion channel 1, and autocrine 
motility factor receptor in Huh7 and MHCC97L cells treated with SAHA for 48 h. Relative protein expression levels were normalized to β-actin. Data are exhibited as 
mean ± standard deviation. aP < 0.05 vs 0 μmol/L group (n = 3). AMFR: Autocrine motility factor receptor; IP3R1: Inositol 1, 4, 5-trisphosphate receptor type 1; 
GRP75: Glucose-regulated protein 75; VDAC1: Voltage-dependent anion channel 1.

Figure 6 The impact of suberoylanilide hydroxamic acid treatment on mitochondrial membrane potential and the expression of proteins 
related to the mitochondrial apoptotic pathway in Huh7 and MHCC97L cells. A and B: After being treated with 0, 1, 3, 6, and 12 μmol/L suberoylanilide 
hydroxamic acid for 48 h, the mitochondrial membrane potential in Huh7 and MHCC97L cells was analyzed using flow cytometry with bivariable JC-1 dye 
(mitochondrial membrane potential probe). Representative pictures from three independent replicate assays are exhibited; C-E: Representative western blot images 
showed the related protein expression in Huh7 and MHCC97L cells treated with 0, 1, 3, 6, and 12 μmol/L suberoylanilide hydroxamic acid for 48 h. Relative protein 
expression levels were normalized to β-actin. Data are exhibited as mean ± standard deviation. aP < 0.05 vs 0 μmol/L group (n = 3).

treated with various doses of SAHA. We found that the expression levels of FAM134B, Atg12, and LC3II/LC3I were 
considerably upregulated. Moreover, SAHA augmented the colocalization of ER and lysosomes in Huh7 and MHCC97L 
cells. The above results indicated that SAHA treatment enhanced the level of ER-phagy.

ER-phagy is a protective response under cellular stress conditions, but uncontrolled autophagy leads to the depletion 
of organelles and key proteins, which in turn lead to caspase-independent cell death, also known as autophagy-mediated 
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cell death[43]. Recent findings have revealed that SAHA could induce autophagy-mediated cell death in malignant tumor 
cells[44,45]. In fact, a decrease in cell viability detected using CCK-8 was not the same as apoptosis induction, as revealed 
in this study. We found that 12 μmol/L SAHA resulted in markedly reduced Huh7 and MHCC97L cell proliferation 
levels (Figure 1), with proliferation being inhibited by approximately 50%; however, the rate of early apoptosis was only 
about 25%. This phenomenon reveals that SAHA may also elicit other types of cell death to suppress the proliferation of 
Huh7 and MHCC97L cells, such as autophagy-mediated cell death.

To confirm this hypothesis, we investigated cells with or without pretreatment with BafA1, a specific inhibitor of the 
late phase of autophagy that restrains autophagosomal fusion with lysosomes. Notably, BafA1-mediated autophagy 
inhibition reduced SAHA-induced cell death. These results confirmed that SAHA could enhance autophagy-mediated 
cell death, potentially by promoting FAM134B-mediated ER-phagy. However, the specific mechanism by which SAHA 
regulated FAM134B expression in Huh7 and MHCC97L cells remains elusive. As an HDACi, the essential role of SAHA 
is the enhancement of histone acetylation. In previous research, we revealed that SAHA markedly augmented the 
acetylated histones H4K5 and H4K12 in HepG2 cells[15]. In the present study, SAHA was shown to augment H4K16ac. In 
addition, Füllgrabe et al[17] reported that H4K16ac was linked to altered gene expression, including the modulation of 
autophagy-related genes; however, it was unclear whether H4K16ac regulated FAM134B transcription and its associated 
ER-phagy. We used ChIP to detect H4K16ac in the FAM134B promoter region. Our findings revealed that FAM134B 
promoter H4K16ac was considerably elevated in Huh7 cells exposed to SAHA, which enhanced the FAM134B 
transcription.

As a key organelle in eukaryotic cells, the ER contributes to protein synthesis and maintenance of calcium homeostasis
[46,47]; hence, ER dysfunction results in the agglomeration of protein aggregates and disturbance of calcium homeostasis 
in the ER. Moreover, the ER contributes to organelle communication[27,48]. For example, the ER can interact with 
mitochondria through MERCS, as the short distance (15-20 nm) between the ER and OMM enables ER-anchored proteins 
to interact with OMM proteins[49]. The IP3R1-GRP75-VDAC1 complex is a central component of MERCS, which is 
involved in regulating calcium flow[50]. Emerging evidence has indicated that the imbalance of Ca2+ between the ER and 
mitochondria by MERCS leads to calcium overload in the mitochondria, which activates the mitochondria-associated 
apoptotic pathway[51].

Furthermore, under ER stress conditions, increased cytosolic Ca2+ would elevate the level of ER E3 ligase AMFR, which 
targets the OMM for ubiquitination and degradation[32]. High AMFR levels accelerate OMM degradation, which brings 
the inner mitochondrial membrane closer to the ER, thus promoting interplay between the ER and mitochondria[30]. In 
the present study, we revealed that SAHA upregulated the expression of MERCS-related proteins, including IP3R1, 
GRP75, and VDAC1, thereby enhancing the exchange of Ca2+ from the ER to the mitochondria, along with mitochondrial 
Ca2+ overload. Additionally, SAHA augmented cytosolic Ca2+ and increased AMFR expression, thus decreasing 
mitochondrial membrane potential and elevating mitochondrial membrane permeability, resulting in the release of 
proapoptotic proteins. As expected, we found that SAHA upregulated the expression level of mitochondria-dependent 
apoptotic proteins, including cytochrome c, cleaved caspase-3, and Bax but downregulated the expression of Bcl-2. The 
above results revealed that SAHA treatment enhanced the interplay between the ER and mitochondria and promoted 
Ca2+ transmission from the ER to the mitochondria, thereby activating the mitochondria-related apoptotic pathway.

This study had a few limitations. Despite the presence of numerous reticulophagy receptors, we focused on only 
FAM134B in this manuscript. For comprehensive knowledge, our team will verify multiple receptors in subsequent 
laboratory studies. Knocking down the gene encoding FAM134B could verify if it is a key gene in the pathway leading to 
HCC death. In this experiment, H4K16ac, a highly relevant acetylation site, was selected for the study. However, SAHA 
acts as a broad-spectrum deacetylase inhibitor influencing numerous acetylation sites, which need to be further verified 
in subsequent experiments. Results of this study indicated that SAHA can inhibit the proliferation of liver cancer cells in 
vitro; however, in vivo analyses could confirm the consistency of its effectiveness. Basic medical research serves the clinic, 
and the clinical verification of various aspects is more persuasive. Our study provided basic information that aids 
ongoing and prospective in vivo experiment.

CONCLUSION
The HDACi SAHA initiated apoptosis and autophagy-mediated cell death in Huh7 and MHCC97L cells to exert 
antitumor activity in HCC. Our results underscore a crucial link between the induction of ER-phagy and H4K16ac-linked 
FAM134B gene expression, which facilitates FAM134B-mediated ER-phagy. Moreover, we presented evidence that 
suggested that SAHA induced the mitochondria-associated apoptotic pathway in Huh7 and MHCC97L cells by 
enhancing the interplay between the ER and mitochondria and promoting Ca2+ exchange. In summary, SAHA promoted 
FAM134B-mediated ER-phagy, which acted synergistically with the mitochondrial apoptotic pathway to promote HCC 
cell death.

ARTICLE HIGHLIGHTS
Research background
Suberoylanilide hydroxamic acid (SAHA) has been demonstrated to trigger multiple forms of cell death in hepatocellular 
carcinoma (HCC). Family with sequence similarity 134 member B (FAM134B), a reticulophagy receptor, has been 
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recognized as a cancer suppressor protein in multiple tumors, including HCC. However, few researchers have focused on 
the relationship between reticulophagy and SAHA-induced HCC cell death.

Research motivation
Reticulophagy is involved in a variety of human cancer pathologies. However, its specific function in the modulation of 
SAHA-initiated HCC cell death remains unproven.

Research objectives
To validate the potential regulatory mechanisms of the FAM134B-mediated reticulophagy in SAHA-induced HCC cell 
death.

Research methods
The proliferation, apoptosis, and cell cycle of SAHA-treated Huh7 and MHCC97L cells were quantified using cell 
counting kit-8 and flow cytometry. The migration and invasion of Huh7 and MHCC97L cells were measured using the 
transwell assay. Proteins related to the reticulophagy pathway, mitochondria-endoplasmic reticulum contact sites, 
intrinsic mitochondrial apoptosis, and histone H4K16 acetylation were detected using western blotting. ER and lysosome 
co-localization, and mitochondrial Ca2+ levels were observed via confocal microscopy. Autophagy-mediated cell death 
was validated through Hoechst33342 staining and propidium iodide colocalization. The enrichment of histone H4 lysine 
16 acetylation in the FAM134B promoter region was determined using chromatin immunoprecipitation.

Research results
SAHA treatment augmented the expression of proteins related to the reticulophagy pathway and enhanced the level of 
reticulophagy in HCC cells. Chromatin immunoprecipitation experiments confirmed that SAHA regulated FAM134B 
expression by increasing the histone H4 lysine 16 acetylation in the FAM134B promoter region. SAHA interfered with 
Ca2+ homeostasis in HCC cells and upregulated the expression of autocrine motility factor receptor-related and 
mitochondria-endoplasmic reticulum contact sites-related proteins. Furthermore, SAHA reduced mitochondrial 
membrane potential and aggravated the activation of the reticulophagy-mediated mitochondrial apoptosis pathway and 
HCC cell death.

Research conclusions
SAHA stimulated excessive reticulophagy and induced autophagy-mediated cell death, which acted synergistically with 
the mitochondria-dependent apoptotic pathway to facilitate HCC cell death.

Research perspectives
FAM134B-induced reticulophagy may further provide a novel avenue for more effective interventions in HCC treatment. 
Our results confirmed that reticulophagy participates in SAHA-induced apoptosis and autophagy-mediated cell death in 
HCC cells, where SAHA-induced regulation of FAM134B expression via histone H4 lysine 16 is the key to HCC cell death.
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Abstract
BACKGROUND 
Di (2-ethylhexyl) phthalate (DEHP) is a common plasticizer known to cause liver 
injury. Green tea is reported to exert therapeutic effects on heavy metal exposure-
induced organ damage. However, limited studies have examined the therapeutic 
effects of green tea polyphenols (GTPs) on DEHP-induced liver damage.

AIM 
To evaluate the molecular mechanism underlying the therapeutic effects of GTPs 
on DEHP-induced liver damage.

METHODS 
C57BL/6J mice were divided into the following five groups: Control, model 
[DEHP (1500 mg/kg bodyweight)], treatment [DEHP (1500 mg/kg bodyweight) + 
GTP (70 mg/kg bodyweight), oil, and GTP (70 mg/kg bodyweight)] groups. After 
8 wk, the liver function, blood lipid profile, and liver histopathology were 
examined. Differentially expressed micro RNAs (miRNAs) and mRNAs in the 
liver tissues were examined using high-throughput sequencing. Additionally, 
functional enrichment analysis and immune infiltration prediction were 
performed. The miRNA-mRNA regulatory axis was elucidated using the starBase 
database. Protein expression was evaluated using immunohistochemistry.

https://www.f6publishing.com
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RESULTS 
GTPs alleviated DHEP-induced liver dysfunction, blood lipid dysregulation, fatty liver disease, liver fibrosis, and 
mitochondrial and endoplasmic reticulum lesions in mice. The infiltration of macrophages, mast cells, and natural 
killer cells varied between the model and treatment groups. mmu-miR-141-3p (a differentially expressed miRNA), 
Zcchc24 (a differentially expressed mRNA), and Zcchc24 (a differentially expressed protein) constituted the 
miRNA-mRNA-protein regulatory axis involved in mediating the therapeutic effects of GTPs on DEHP-induced 
liver damage in mice.

CONCLUSION 
This study demonstrated that GTPs mitigate DEHP-induced liver dysfunction, blood lipid dysregulation, fatty liver 
disease, and partial liver fibrosis, and regulate immune cell infiltration. Additionally, an important miRNA-
mRNA-protein molecular regulatory axis involved in mediating the therapeutic effects of GTPs on DEHP-induced 
liver damage was elucidated.

Key Words: Green tea polyphenols; Di(2-ethylhexyl) phthalate; Liver fibrosis; Fatty liver disease; Mitochondria; Immune

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Green tea polyphenols (GTPs) alleviated Di (2-ethylhexyl) phthalate (DEHP)-induced liver dysfunction, blood 
lipid dysregulation, fatty liver disease, liver fibrosis, and mitochondrial and endoplasmic reticulum lesions in mice. The 
infiltration of macrophages, mast cell, and natural killer cells varied between the model and treatment groups. mmu-miR-
141-3p (a differentially expressed miRNA), Zcchc24 (a differentially expressed mRNA), and Zcchc24 (a differentially 
expressed protein) constituted the miRNA-mRNA-protein regulatory axis involved in mediating the therapeutic effects of 
GTPs on DEHP-induced liver damage in mice.

Citation: Shi H, Zhao XH, Peng Q, Zhou XL, Liu SS, Sun CC, Cao QY, Zhu SP, Sun SY. Green tea polyphenols alleviate di-(2-
ethylhexyl) phthalate-induced liver injury in mice. World J Gastroenterol 2023; 29(34): 5054-5074
URL: https://www.wjgnet.com/1007-9327/full/v29/i34/5054.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i34.5054

INTRODUCTION
Di (2-ethylhexyl) phthalate (DEHP), which is the most widely used representative phthalic acid ester, can non-covalently 
bind to polyolefin plastics and predominantly serves as a plasticizer, increasing the flexibility, transparency, durability, 
and longevity of plastics. Additionally, DEHP is extensively detected in various daily-life products (including baby toys, 
food packaging, and cosmetics) and several surgical and medical devices[1]. Furthermore, DEHP can be continuously 
released into the environment (air, soil, water, food, etc.), enter living organisms via ingestion, inhalation, or skin contact, 
and subsequently exert toxic effects on health[2]. A previous study reported that DEHP and its metabolites were detected 
in 100% of tested human urine samples, indicating persistent exposure to DEHP[3]. The DEHP exposure range of the 
general population is estimated to be 5.8-19 μg/kg/d, while DEHP exposure in medical environments may exceed 167.9 
mg/d[4]. The development of modern chemical agriculture has increased the severity of DEHP pollution. DEHP 
exposure in the Pearl River Delta region of Guangdong Province, China, can reach up to 61 μg/kg/d, which is higher 
than the tolerable intake of DEHP[5]. Additionally, DEHP undergoes rapid degradation upon ingestion in humans. 
According to the United States Environmental Protection Agency, the average half-life of DEHP in the human body is 12 
h. DEHP and its active metabolite mono-(2-ethylhexyl) phthalate have been detected in various human tissues, including 
the liver, blood, placenta, amniotic fluid, and early-pregnancy chorionic villus sample[6]. Therefore, evaluating the effect 
of DEHP on the environment and human health has piqued the interest of the scientific community.

The liver, an important organ involved in the synthesis, metabolism, and detoxification processes, is highly susceptible 
to acute or chronic damage induced by various drugs[7]. Recent studies have demonstrated that DEHP adversely affects 
multiple systems in the body. In particular, epidemiological and animal studies have demonstrated the hepatoxicity of 
DEHP[8]. The mechanism underlying the hepatotoxic effects of DEHP mainly involves oxidative stress, cell apoptosis, 
and signaling pathway activation. DEHP induces apoptosis in healthy human liver cells through the mitochondrial 
signaling pathway and/or the caspase-mediated death receptor pathway[9]. Additionally, DEHP may adversely affect 
gap junctional intercellular communication, peroxisome beta-oxidation activity, and DNA replication synthesis, leading 
to the formation of liver tumors[10]. Currently, the most extensively studied mechanism of DEHP-induced liver damage 
is oxidative stress in which the regulation of reactive oxygen species (ROS) production plays a critical role[11]. Excessive 
ROS production leads to peroxidation of the polyunsaturated fatty acids in the cell membrane. DEHP promotes lipid 
peroxidation in the liver, primarily through the downregulation of superoxide dismutase and catalase activity and the 
upregulation of malondialdehyde (MDA) concentrations[12]. Additionally, DEHP mediates the pathogenesis of non-
alcoholic fatty liver disease in a high-fat diet-fed animal model by promoting lipid peroxidation[8].
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Green tea is the second most widely consumed beverage worldwide after water[13]. The harvested tea leaves are 
steamed at high temperatures to inactivate the polyphenol oxidase in green tea, preserving most of the vitamins in tea 
leaves. Thus, green tea exhibits enhanced antioxidant activity. Epidemiological and clinical studies have reported that 
phenol compounds in tea extracts, such as green tea polyphenols (GTPs), exert a wide range of beneficial effects on 
human health, including anti-aging, neuroprotective[14], and therapeutic or preventive effects on various diseases, such 
as cancer[15], cardiovascular disease[16], and obesity[17]. Moreover, GTPs mitigate the adverse effects of poisoning with 
various heavy metals[18]. However, limited studies have examined the therapeutic effects of GTPs on DEHP-induced 
liver diseases.

Micro RNAs (miRNAs), a class of endogenous non-coding small RNAs encoded by mRNA, regulate gene expression 
by modulating mRNA stability. Several miRNAs are reported to play important roles in the pathogenesis of liver fibrosis
[19], cirrhosis[20], and hepatocellular carcinoma[21]. Some miRNAs are diagnostic markers for drug-induced liver injury
[22]. This study aimed to identify key protein nodes that may affect the expression level of miRNAs in the regulatory 
network of miRNA and target genes by analyzing the miRNA regulation network. Hence, this study will provide a 
theoretical basis for future studies on the functions and regulatory mechanisms underlying the therapeutic effects of 
GTPs on DEHP exposure-induced liver damage.

MATERIALS AND METHODS
Regents
DEHP was purchased from Shanghai Aladdin Biochemical Technology Co., Ltd. (Shanghai, China). GTPs were 
purchased from Shanghai Yuanye Bio-Technology Co., Ltd. (Shanghai, China). Corn oil was purchased from Hebei Pin 
Research Biotechnology Co., Ltd. (Baoding, China). Anti-ZCCHC24 antibodies were purchased from Biorbyt Ltd. 
(Cambridge, United Kingdom).

Animal experiments
Animal experiments were performed at the specific pathogen-free grade animal laboratory of the Medical College of 
Jinan University. C57BL/6J mice (n = 50) were purchased from Guangdong Yaokang Biotechnology Co., Ltd. And 
allowed to acclimatize to the laboratory environment for 1 wk. The animals were maintained under the following 
conditions: Room temperature, 20 ℃-24 ℃; relative humidity, 50%-65%; circadian cycle, 12-h light-dark cycle; access to 
food and water, ad libitum; diet, regular mouse chow. This study was approved by the Institutional Animal Care and Use 
Committee of Jinan University (ethics approval number: IACUC-20210630-15). All experimental procedures were 
performed according to the regulations established by the ethical committee.

Previous studies[23,24] have reported that DEHP is soluble in corn oil. Hence, this study used corn oil as the solvent 
for DEHP. After 1 wk of acclimatization, 50 mice were randomly assigned into the following five groups (10 mice/
group): Control group, administered with 0.2 mL distilled water; model group, administered with 0.2 mL corn oil and 
DEHP (1500 mg/kg bodyweight); treatment group, administered with 0.2 mL corn oil and DEHP (1500 mg/kg 
bodyweight), followed by administration of 0.2 mL GTPs (70 mg/kg bodyweight) after 1 h; oil group, administered with 
0.2 mL corn oil; GTP group, administered with 0.2 mL GTP (70 mg/kg bodyweight). Based on our previous study, DEHP
[25] and GTPs[26] were gavaged. The doses were adjusted weekly based on the bodyweight of the mice. The mice were 
subjected to daily gavage for 8 wk. At the end of the experimental period, the blood and liver samples were obtained 
under anesthesia after the mice were allowed to fast overnight. Liver index = (liver weight/bodyweight) × 100%.

Evaluation of liver function and blood lipid profile
The blood from mice was collected using the retro-orbital venous plexus method. Next, the whole blood was placed in a 
1.5-mL centrifuge tube and left undisturbed at room temperature for 2 h. The sample was centrifuged at 5 °C and 3000 
rpm for 15 min using a high-speed refrigerated centrifuge to obtain the serum. The serum levels of liver function markers 
[aspartate aminotransferase (AST), alanine aminotransferase (ALT), and total bilirubin (TBIL)] and lipids [low-density 
lipoprotein (LDL), total cholesterol, and triglycerides (TGs)] were analyzed using a fully automated biochemical analyzer.

Hematoxylin and eosin staining
The tissue sections were fixed in 4% neutral buffered formalin, embedded in paraffin, and sectioned into 4 μm-thick 
sections. The sections were deparaffinized using xylene, rehydrated using a series of graded ethanol solutions, stained 
with hematoxylin for 5–10 min, washed with distilled water, and stained with eosin for 2-7 min. Next, the sections were 
dehydrated using a series of graded ethanol solutions, cleared with xylene, mounted with mounting medium, and 
covered with a cover slip.

Oil red O staining
The frozen sections were fixed in 4% neutral buffered formalin, rinsed with 60% isopropanol, and allowed to dry. The 
sections were then stained with oil red O for 15-30 min, rinsed with 60% isopropanol, counterstained with hematoxylin 
for 1-2 min, washed with distilled water, dehydrated, mounted with a mounting medium, and covered with a coverslip.

Periodic acid-Schiff staining
The tissue sections were deparaffinized using xylene, rehydrated using a series of graded ethanol solutions, and oxidized 
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with a periodic acid solution for 10-15 min. Next, the sections were rinsed with distilled water, stained with Schiff reagent 
for 30-60 min in the dark, counterstained with hematoxylin, washed with distilled water, dehydrated, mounted using a 
mounting medium, and covered with a cover slip.

Masson’s trichrome staining
The tissue sections were deparaffinized using xylene, rehydrated using a series of graded ethanol solutions, stained with 
Weigert’s iron hematoxylin for 10 min, rinsed with distilled water, stained with Biebrich scarlet-acid fuchsin solution for 
5-10 min, washed with distilled water, and incubated with phosphotungstic-phosphomolybdic acid solution for 5-10 min. 
Next, the sections were counterstained with aniline blue for 5-10 min, washed with distilled water, dehydrated, mounted 
with a mounting medium, and covered with a cover slip.

Sirius red staining
The tissue sections were deparaffinized using xylene, rehydrated using a series of graded ethanol solutions, stained with 
Sirius red solution for 1 h, washed with distilled water, dehydrated, and cleared with xylene. Finally, the sections were 
mounted with a mounting medium and covered with a cover slip.

Transmission electron microscopy
One mouse from the control, treatment, and model groups was randomly selected for electron microscopy. Liver sections 
with a size of approximately 1 mm were treated with 2.5% glutaraldehyde (Scientific Phygene, Fuzhou, China) and rinsed 
thrice with phosphate-buffered saline (PBS) (PH = 7.4). The samples were fixed with 1% osmium tetroxide (Ted Pella, 
Redding, United States) for 2 h, rinsed thrice with PBS, and dehydrated using alcohol and acetone gradients as follows: 
50% ethanol for 30 min, 70% ethanol for 30 h, 80% acetone for 30 min, and 90% acetone for 30 h. Next, the samples were 
washed thrice with 100% acetone and embedded in epoxy resin (Ted Pella, Redding, United States). Ultrathin sections (7 
nm) were prepared using a microtome (LKB, Bromma, Sweden). The sections were stained with uranyl acetate (EMS, 
Hatfield, United States) for 30 min and 3% lead citrate (Ted Pella, Redding, United States) for 15 min. The target 
structures were observed using a transmission electron microscope (JEM-1400, Japan Electron Optics Laboratory Co., Ltd. 
Tokyo, Japan).

High-throughput sequencing
Liver samples (n = 3 per group) from the control, treatment, and model groups stored in liquid nitrogen were randomly 
selected and sent to Huada Genomics (Wuhan, China, http://www.genomics.cn) for high-throughput sequencing. For 
specific sequencing steps, refer to the Supplementary material.

Differentially expressed mRNAs and miRNAs
The mRNA and miRNA expression levels were measured using fragments per kilobase of transcript per million mapped 
reads (FPKM) values. Sequencing data were subjected to quality control. Differential expression between groups was 
estimated using the Limma R package (version: 3.52.2) based on the generalized linear model. To comparatively analyze 
the expression levels between multiple groups, the control-model and model-treatment expression profiles were 
regressed using the Limma package in R software (version: 4.2.1, https://posit.co/). A loose threshold was set to avoid 
excessive filtering of differentially expressed mRNAs and miRNAs (log fold-change > 1; P < 0.05). Differentially 
expressed mRNAs and miRNAs were identified.

Enrichment analysis
The mRNA expression data were subjected to Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analyses to identify the enrichment of mRNAs in the GO terms biological process (BP), cellular 
component (CC), and molecular function (MF) and the KEGG signaling pathways. The clusterprofiler R package (version: 
4.4.4) was used for enrichment analyses with the reference files based on the org.Mm.eg.db R package (version 3.1.0) for 
mouse enrichment analysis. Enrichment was considered significant at P < 0.05.

Immune infiltration analysis
CIBERSORT is a gene expression-based algorithm for the accurate detection of immune cell infiltration. The 
“CIBERSORT” R package (CIBERSORTR script v1.03; http://cibersort.stanford.edu/) developed by Newman et al[27] 
was used to successfully quantify 22 types of immune cells, including B cells, regulatory T cells, CD4+ T, CD8+ T, natural 
killer (NK) cells, mast cells, plasma cells, dendritic cells, neutrophils, eosinophils, and macrophages. The reference dataset 
of mouse immune cells was obtained from Chen et al[28]. The mRNA expression data of the control, model, and 
treatment groups were examined using the CIBERSORT algorithm with a perm of the deconvolution algorithm set to 
1000.

Regulatory network of miRNA-mRNA
miRNA, a type of non-coding RNA, negatively regulates gene expression at the posttranscriptional level. To generate a 
preliminary regulatory network of miRNA-mRNA in the model and treatment groups, the upregulated miRNAs or 
mRNAs and downregulated mRNAs or miRNAs were selected and analyzed using Cytoscape software (version: 3.7.1, 
https://cytoscape.org/).

http://www.genomics.cn
https://f6publishing.blob.core.windows.net/1f57418c-ac46-481c-8faa-42492632044e/WJG-29-5054-supplementary-material.pdf
https://posit.co/
http://cibersort.stanford.edu/
https://cytoscape.org/
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The Sun Yat-sen University research team developed the starBase database (https://starbase.sysu.edu.cn/starbase2/) 
to analyze interaction networks between long non-coding RNA, miRNA, competitive endogenous RNAs, RNA-binding 
proteins, and mRNAs using cross-linked immunoprecipitation sequencing (CLIP-seq) (high-throughput sequencing of 
RNA using CLIP, photoactivable ribonucleoside-enhanced CLIP, individual nucleotide resolution ultraviolet CLIP, and 
cross-linking ligation and sequencing of hybrids) data. To obtain the final miRNA-mRNA regulatory network, the 
initially selected network was intersected with the mouse interaction network obtained from the starBase database. Gene 
expression was verified using immunohistochemical analyses. This study aimed to establish the miRNA-mRNA-protein 
regulatory axis.

Immunohistochemistry
The paraffin sections (4 μm) of mouse liver tissue were deparaffinized, rehydrated, and subjected to antigen retrieval in a 
buffer solution (pH 9.0). After blocking endogenous peroxidase activity and non-specific binding, the sections were 
incubated with anti-ZCCHC24 antibodies (1:100) at 4 °C overnight. The sections were then washed and incubated with 
horseradish peroxidase-conjugated secondary antibodies at room temperature for 1 h. Immunoreactive signals were 
developed using diaminobenzidine. The sections were counterstained with hematoxylin and observed under a 
microscope.

Statistical analyses
The average optical density (AOD) (integrated optical density/area) of positive reactions was calculated using Image-Pro 
Plus 6.0 software. Data were analyzed using the dplyr R package (v. 1.0.10) and visualized using the ggplot2 R package 
(v. 3.3.6). Categorical variables were analyzed using the Chi-squared test. Continuous variables were represented as mean 
± SD. Continuous variables between two groups were compared using the Wilcoxon signed-rank test, while those 
between more than two groups were compared using the Kruskal-Wallis test. Differences were considered significant at P 
< 0.05.

RESULTS
Effect of GTPs on bodyweight and liver index
The flowchart of the study is shown in Figure 1. Mice in all groups survived during the experiment and did not exhibit 
aberrant behaviors in urination, defecation, food intake, or water consumption. As shown in Supplementary Table 1 and 
Figure 2A, the bodyweight of mice in all groups increased with time and was not significantly different between the 
groups. The liver index (Supplementary Table 2 and Figure 2B) values in the model group were significantly higher than 
those in the control group (P = 0.016) but were not significantly different between the treatment and model groups (P = 
0.51). Additionally, the liver index values in the oil and GTP groups were not significantly different from those in the 
control group (P > 0.05).

Effect of GTPs on the serum levels of liver function markers and lipids
The serum levels of ALT, AST, TBIL, LDL, and TGs were analyzed. As shown in Figure 2C-G, the serum levels of ALT, 
AST, TBIL, LDL, and TGs in the model group were significantly higher than those in the control group (P < 0.001). 
Compared with those in the model group, the serum levels of liver function markers and lipids were significantly 
downregulated in the treatment group (P < 0.001). The ALT, AST, and LDL levels were not significantly different 
between the oil, control, and GTP groups (P > 0.05).

Effect of GTPs on hepatic histological characteristics
The results of liver hematoxylin and eosin staining are shown in Figure 3A. Mice in the model group exhibited significant 
hepatocyte ballooning degeneration, whereas those in the control, oil, and GTP groups did not exhibit hepatocyte 
ballooning degeneration.

Effect of GTPs on fat deposition
Oil red O staining was performed to further analyze the severity of fatty liver in different groups. As shown in Figure 3A, 
the model group exhibited the highest red color staining intensity in the liver, followed by the oil and control groups. 
Meanwhile, the liver of the treatment and GTP groups exhibited the lowest red staining intensity. Five positive staining 
sites in the liver of the model and treatment groups were selected to calculate the AOD. As shown in Figure 3B, the AOD 
in the model group (7.270 ± 1.120%) was significantly higher than that in the treatment (0.185 ± 0.061%) (P = 0.037) and 
control groups (5.760 ± 0.586%) (P < 0.001).

Effect of GTPs on polysaccharide accumulation
The results of Periodic acid-Schiff staining (Figure 3A) revealed the lack of red-stained areas in the liver of the model 
group, while the red-stained areas were upregulated in the control, oil, treatment, and GTP groups. Five positive staining 
sites in the liver of the model and treatment groups were selected to calculate the AOD. As shown in Figure 3C, the AOD 
in the model group (0.431 ± 0.083%) was significantly lower than that in the treatment (1.170 ± 0.099%) and control groups 
(1.360 ± 0.148%) (P < 0.001).

https://starbase.sysu.edu.cn/starbase2/
https://f6publishing.blob.core.windows.net/1f57418c-ac46-481c-8faa-42492632044e/WJG-29-5054-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/1f57418c-ac46-481c-8faa-42492632044e/WJG-29-5054-supplementary-material.pdf
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Figure 1 Flowchart of the study. DEG: Differentially expressed gene; DEM: Differentially expressed microRNA (miRNA).
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Figure 2 Mouse bodyweight and liver index and serum levels of liver function markers and lipids. A: Bodyweight changes in different groups within 
8 wk; B-G: Comparative analysis of organ indices (B) and serum levels of alanine aminotransferase (C), glutamate aminotransferase (D), total bilirubin (E), low-density 
lipoprotein (F), and triglyceride (G) in different groups. aP < 0.05 and bP < 0.01 (compared to the Control group); cP < 0.05 and dP < 0.01 (compared to Di (2-ethylhexyl) 
phthalate group); eP < 0.05 and fP < 0.01 (compared to Oil group). ALT: Alanine aminotransferase; AST: Glutamate aminotransferase; TBIL: Total bilirubin; LDL: Low-
density lipoprotein; TG: Triglyceride; DEHP: Di (2-ethylhexyl) phthalate.

Effect of GTPs on collagen fibers
The results of Masson’s trichrome staining (Figure 4A) revealed blue-stained fibrous tissue around the liver blood vessels 
in the model group. In contrast, the area of blue-stained fibrous tissue around the liver blood vessels in the treatment 
group was lower than that in the model group. Fibrous tissue was not detected around the liver blood vessels in the 
control, oil, and GTP groups. Five positive staining sites in the liver of the model and treatment groups were selected to 
calculate the AOD. As shown in Figure 4B, the AOD in the model group (0.337 ± 0.113%) was significantly higher than 
that in the treatment group (0.183 ± 0.014%) (P = 0.02).

Effect of GTPs on collagen network
In Sirius red staining, type I collagen fibers exhibit strong orange-yellow or bright red colors under a polarized light 
microscope, whereas type III collagen fibers exhibit green color. In this study, the results of Sirius red staining (Figure 4A) 
revealed red-stained fibrous tissue around the blood vessels in the model group. The red-stained area around the blood 
vessels in the treatment group was significantly lower than that in the model group. Red-stained fibrous tissue was not 
detected around the blood vessels of the control, oil, and GTP groups. Next, semiquantitative analysis was performed by 
selecting five positive staining sites in the liver of the model and treatment groups to calculate the AOD. The AOD in the 
model group (1.240 ± 0.125%) was significantly higher than that in the treatment group (0.080 ± 0.025%) (P = 0.012) 
(Figure 4C).
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Figure 3 Hematoxylin and eosin, oil red O, and periodic acid-Schaff staining of liver sections and semiquantitative analysis of liver 
pathologies in mice from different groups. A: Hematoxylin and eosin-stained, oil red O-stained, and periodic acid-Schaff (PAS)-stained liver sections of 
different groups; B and C: Comparative analysis of average optical density of oil red O staining (B) and PAS staining (C) intensities between different groups. aP < 
0.05 and bP < 0.01 (compared to the Control group); dP < 0.01 (compared to Di (2-ethylhexyl) phthalate group); eP < 0.05 and fP < 0.01 (compared to Oil group). 
DEHP: Di (2-ethylhexyl) phthalate; HE: Hematoxylin and eosin; PAS: Periodic acid-Schaff.

Effect of GTPs on the liver microstructures
The liver tissues of the control, model, and treatment groups were subjected to transmission electron microscopy. The 
number and size of lipid droplets in the liver were upregulated and the capillary bile ducts were significantly dilated in 
the model group (Figure 5A). Additionally, the mitochondria were slightly swollen, and the arrangement of the rough 
endoplasmic reticulum was disordered. In contrast, the number of lipid droplets in the liver was downregulated in the 
treatment group, while the capillary bile ducts exhibited physiological structure. Additionally, the swelling of the 
mitochondria was alleviated. The results of quantitative analysis of the diameter of small bile ducts (Figure 5B) were 
consistent with the observations in Figure 5A. However, these findings must be carefully interpreted. Additionally, 
further studies with large sample sizes are needed to confirm and generalize the results.
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Figure 4 Masson’s trichrome and Sirius red staining and semiquantitative analysis of hepatic pathologies in mice from different groups. 
A: Masson’s trichrome and Sirius red staining of liver samples from different groups; B and C: Comparative analysis of average optical density of Masson’s trichrome 
staining (B) and Sirius red staining (C) intensities between the model and treatment groups. cP < 0.05 (compared to Di (2-ethylhexyl) phthalate group). DEHP: Di (2-
ethylhexyl) phthalate.

Effect of GTPs on mRNA and miRNA expression levels
The liver samples from the control, treatment, and model groups were subjected to high-throughput screening with 3 
replicate samples for each group. The mRNA and miRNA expression data were subjected to quality control analysis. The 
differences in the expression levels of miRNA and mRNA were minimal between the groups (Supplementary Figure 1A 
and B). Next, principal component analysis was performed (Supplementary Figure 1C and D). The mRNA and miRNA 
profiles of the control, model, and treatment groups exhibited distinct separation. Differential analysis revealed that 
compared with those in the model group, the number of upregulated mRNAs and miRNAs was 377 and 33, respectively, 
while the number of downregulated mRNAs and miRNAs was 583 and 7, respectively (Figure 6A and B). The expression 
levels of the significantly upregulated and downregulated mRNAs and miRNAs are shown in Figure 6C and D.

Enrichment analyses
Compared with those in the control group, the differentially expressed mRNAs in the model group were enriched in the 
following GO terms: BP term: Fatty acid metabolic process, small molecule catabolic process, organic acid catabolic 
process, and carboxylic acid catabolic process (Figure 7A); CC term: Mitochondrial protein-containing complex, 
mitochondrial inner membrane, ribosome subunit, and ribosome (Figure 7B); MF term: Ribosome structure, electron 
transfer activity, oxidoreductase activity, and ubiquitin protein ligase binding (Figure 7C). Additionally, the differentially 
expressed mRNAs in the model group were enriched in the following KEGG pathways: Fatty acid metabolism, 
ferroptosis, glutathione metabolism, and PPAR signaling pathway (Figure 7D). Compared with those in the model group, 
the differentially expressed mRNAs in the treatment group were enriched in the following GO terms: BP term: 

https://f6publishing.blob.core.windows.net/1f57418c-ac46-481c-8faa-42492632044e/WJG-29-5054-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/1f57418c-ac46-481c-8faa-42492632044e/WJG-29-5054-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/1f57418c-ac46-481c-8faa-42492632044e/WJG-29-5054-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/1f57418c-ac46-481c-8faa-42492632044e/WJG-29-5054-supplementary-material.pdf
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Figure 5 Comparative quantitative analysis of transmission electron microscopy results between the control, model, and treatment 
groups. A: Comparison of transmission electron microscopy results between the control, model, and treatment groups. In the model and control groups, increased 
numbers of fat droplets with enhanced size were visible. Expanded capillary bile ducts (indicated with orange circles), mildly swollen mitochondria (indicated with 
orange arrows), and disordered rough endoplasmic reticulum (indicated with yellow arrows) were observed in the model group. In the treatment group, the number of 
fat droplets decreased, capillary bile ducts appeared mostly healthy (indicated with orange circles), and mitochondrial swelling was reduced (indicated with orange 
arrows); B: Quantitative analysis of small bile duct diameter in mice from the control, model, and treatment groups. bP < 0.01 (compared to the Control group); dP < 
0.01 (compared to Di (2-ethylhexyl) phthalate group). DEHP: Di (2-ethylhexyl) phthalate.

Mitochondrial organization, proteasome protein catabolic process, and oxidative phosphorylation (Figure 8A); CC term: 
Ribosome, ribosomal subunit, and large ribosomal subunit (Figure 8B); MF term: Structural constituent of ribosome and 
molecular carrier activity (Figure 8C). Additionally, the differentially expressed mRNAs in the treatment group were 
enriched in the following KEGG pathways: Mitochondrial autophagy, glutathione metabolism, oxidative 
phosphorylation, and drug metabolism (Figure 8D).
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Figure 6 Differential expression of mRNAs and microRNAs between the treatment and model groups. A: The volcano plot of differentially 
expressed mRNAs between the treatment and model groups. The upper left quadrant and the upper right quadrant in the figure represent downregulated and 
upregulated mRNAs, respectively; B: The volcano plot of differentially expressed microRNAs (miRNAs) between the treatment and model groups. The upper left 
quadrant and the upper right quadrant in the figure represent downregulated and upregulated miRNAs, respectively; C: Heatmap shows the 50 mRNAs that exhibited 
the highest upregulation and downregulation in the treatment group relative to the model group; D: Heatmap shows the miRNAs that exhibited the highest upregulation 
and downregulation in the treatment group relative to the model group.

Immune infiltration analysis
The proportions and infiltration levels of immune cells in the control, model, and treatment groups are shown in 
Figure 9A and B. Compared with those in the control group, the infiltration levels of monocytes and immature CD8+ T 
cells were significantly upregulated and the infiltration levels of immature CD4+ T cells were significantly downreg-
ulated in the model group (Figure 9C). Meanwhile, compared with those in the model group, the infiltration levels of 
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Figure 7 The differentially expressed mRNAs between the model and control groups were enriched in different Gene Ontology terms and Kyoto Encyclopedia of Genes and Genomes pathways. A: Biological 
processes; B: Cellular components; C: Molecular function; D: Kyoto Encyclopedia of Genes and Genomes pathways.

mast cells and active NK cells were significantly upregulated and the infiltration levels of M2 macrophages were 
significantly downregulated in the treatment group (Figure 9D). The correlation analysis results of various immune cells 
are shown in Figure 9E.



Shi H et al. GTPs alleviate DEHP-induced liver injury in mice

WJG https://www.wjgnet.com 5066 September 14, 2023 Volume 29 Issue 34

Figure 8 The differentially expressed mRNAs between the treatment and model groups were enriched in different Gene Ontology terms and Kyoto Encyclopedia of Genes and Genomes pathways. A: Biological 
processes; B: Cellular components; C: Molecular function; D: Kyoto Encyclopedia of Genes and Genomes pathways.

Construction of miRNA-mRNA-protein regulatory axis
Network diagrams (Figure 10A) of upregulated miRNAs and downregulated mRNAs, as well as that of downregulated 
miRNAs and upregulated mRNAs, in the treatment group were constructed. The data were matched with the miRNA-
mRNA regulatory axis in the starBase database to obtain the mmu-miR-141-3p/Zcchc24 and mmu-miR-9-5p/Zbtb7a axes 
(Figure 10B). Correlation analysis (Figure 10C and D) revealed that the correlation coefficients of mmu-miR-141-3p/
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Figure 9 Immune infiltration analyses. A and B: Histograms (A) and heatmaps (B) of the proportions of immune cells in the control, model, and treatment 
groups; C and D: Analyses of differential immune cell infiltration between the model and control groups (C), as well as between the treatment and model groups (D); E: 
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Correlation analyses of immune cells in different groups. dP < 0.01 (compared to Di (2-ethylhexyl) phthalate group); eP < 0.05 (compared to Oil group). DEHP: Di (2-
ethylhexyl) phthalate.

Zcchc24 and mmu-miR-9-5p/Zbtb7a axes were -0.44 and -0.87, respectively. To validate these regulatory axes, the liver 
tissues of the control, model, and treatment groups were subjected to western blotting (Figure 10E). Compared with that 
in the model group, the average gray value of Zcchc24 protein was significantly downregulated in the treatment group 
(Figure 10F), indicating that protein expression changes were consistent with mRNA expression changes. However, 
Zbtb7a protein expression could not be validated using western blotting or immunohistochemical analysis due to low 
expression levels. These findings indicate that the mmu-miR-141-3p/Zcchc24 (mRNA)/Zcchc24 (protein) regulatory axis 
plays an important role in the protective effects of GTPs on DEHP-induced liver injury in mice (Figure 10G).

DISCUSSION
This study aimed to investigate the therapeutic mechanism of GTPs in alleviating DEHP-induced liver dysfunction, blood 
lipid dysregulation, non-alcoholic fatty liver, and liver fibrosis. Additionally, the role of a miRNA-mRNA-protein 
regulatory axis in the therapeutic effects of GTPs on DEHP-induced liver damage was elucidated (Figure 11). Thus, the 
findings of this study provide valuable insights into the potential therapeutic application of GTPs in DEHP-induced liver 
damage.

Histopathological analysis revealed that GTPs are effective in mitigating DEHP-induced non-alcoholic fatty liver 
disease and liver fibrosis in mice. This finding is consistent with that of previous studies, which reported the beneficial 
effects of GTP on liver health. For example, a meta-analysis[29] of 20 randomized controlled trials with 1536 participants 
revealed that green tea decreases the levels of total cholesterol and LDL. Zhao et al[30] reported that DEHP exposure 
significantly promotes inflammation, necrosis, and fibrosis in the liver and upregulates the expression of proteins 
associated with the development of liver inflammation and fibrosis. Kim et al[31] suggested that GTPs downregulate the 
expression of collagen content and type 1 collagen, and consequently alleviate liver fibrosis. Additionally, animal studies
[32] have indicated that supplementation of green tea effectively prevented excessive accumulation of visceral and liver 
lipids, elevated blood glucose levels, and alleviated aberrant blood lipid levels, liver dysfunction, and hepatic steatosis in 
male C57BL/6 mice fed on a high-fat diet for six weeks as evidenced by the analysis of serum biochemical parameters, 
histological changes, lipid accumulation, inflammatory cytokines, and related indices. These findings further indicated 
the therapeutic potential of GTPs in liver-related conditions.

In this study, GTPs were found to ameliorate the DEHP-induced pathological damage to the liver microstructures, 
including the mitochondria, endoplasmic reticulum, and capillary bile ducts. These findings are consistent with those of 
previous studies, which reported the adverse effects of DEHP on liver microstructures. For instance, an animal study[33] 
indicated that DEHP induced mitochondrial and endoplasmic reticulum ultrastructural damages, characterized by 
increased fission and decreased fusion. Furthermore, Sun et al[34] suggested that DEHP promoted mitochondrial-
associated endoplasmic reticulum membrane disruption, potentially through endoplasmic reticulum unfolded protein 
response, to induce endoplasmic reticulum stress. Consistent with the results of this study, in vitro and in vivo experi-
mental studies[35] have demonstrated that GTPs effectively alleviate acetaminophen-induced liver damage and 
mitochondrial dysfunction. These studies have shown that GTPs possess antioxidant capacity and can prevent liver 
mitochondrial damage. Specifically, GTPs have been found to enhance the membrane potential and activity of liver 
mitochondrial respiratory chain complexes, thereby protecting against mitochondrial dysfunction. However, further 
research is needed to fully elucidate the underlying mechanisms and to explore the clinical applications of GTPs in 
protecting liver microstructures from DEHP-induced damage.

In this study, we aimed to analyze the signaling pathways involved in DEHP-induced liver damage and the hepato-
protective effects of GTPs using high-throughput sequencing. Ferroptosis, a recently discovered non-apoptotic cell death 
process, is induced by intracellular iron-dependent lipid peroxidation damage. Consistent with the findings of this study, 
Yin et al[36] investigated the acute toxicity of DEHP exposure in marine medaka. They conducted transcriptome analysis 
on the liver of DEHP-exposed medaka and reported that females were more sensitive to the immune response than males 
under acute DEHP exposure conditions. Furthermore, they found that DEHP exposure promoted iron depletion, leading 
to iron overload, increased levels of MDA and lipid peroxidation, and decreased levels of glutathione. These findings 
suggest that DEHP can rapidly alter certain molecular regulatory patterns and induce cell death through ferroptosis. In 
addition, we discussed the PPAR signaling pathway, which is a classic pathway associated with hyperlipidemia, 
regulates lipid metabolism and blood lipid levels by mediating various biological functions, such as the synthesis and 
decomposition of cholesterol and the oxidation of fatty acids[37]. Previous studies[38,39] have revealed that DEHP 
exposure dysregulates blood lipid levels and hepatic lipid metabolism in mice through the PPAR signaling pathway.

In this study, we utilized the CIBERSORT algorithm to identify specific alterations in immune cells. Consistent with the 
findings of this study, Yang et al[40] investigated the effect of DEHP on the immune system of male C57Bl/6 mice and 
reported significant atrophy of the thymus and spleen with the proportions of immature CD4+ and CD8+ populations 
exhibiting the highest downregulation. Additionally, they found a downregulation in the number of T and B cells in the 
spleen. A previous study[41] reported that green tea extract promotes macrophage phagocytic activity at a dosage of 5 
mg/kg bodyweight and enhances NK cell activity and T cell proliferation at a dosage of 40 mg/kg bodyweight, 
supporting the potential immunomodulatory effects of GTPs demonstrated in this study.
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Figure 10  Construction of the microRNA-mRNA-protein regulatory axis. A: The network diagram was constructed using differentially expressed 
mRNAs and microRNAs (miRNAs); B: Wayne diagram indicating the intersection of the miRNA-mRNA regulatory axis and mouse interaction network from the 
starBase database; C: Correlation analyses of mmu-miR-141-3p and Zcchc24; D: Correlation analyses of mmu-miR-9-5p and Zbtb7a; E: Western blotting validation 
of Zcchc24 protein expression in the control, model, and treatment groups; F: Semiquantitative analysis of Zcchc24 protein levels in the control, model, and treatment 
groups; G: The Sankey plot of the miRNA-mRNA-protein regulatory axes mediating the suppressive effects of green tea polyphenols (GTPs) on di-(2-ethylhexyl) 
phthalate (DEHP)-induced liver damage in mice. Red and blue fonts indicate upregulated and downregulated expression, respectively. dP < 0.01 (compared to DEHP 
group). DEHP: Di (2-ethylhexyl) phthalate; GTPs: Green tea polyphenols.

This study identified the mmu-miR-141-3p/Zcchc24 (mRNA)/Zcchc24 (protein) regulatory axis, which exerted its 
function through Zcchc24. Zcchc24 is reported to be involved in cell differentiation in mice. Previous studies[42] have 
suggested that Zcchc24 can serve as a key gene in liver cancer prediction models, which are used to predict patient 
survival time. Additionally, Zcchc24 is one of the major selective splicing factors that plays a critical role in cell fate 
transition, development, and disease progression.

This study has several limitations. In this study, three samples per group were analyzed using high-throughput 
sequencing, which may have yielded biased results. Additionally, the levels of immune cells in each group were 
determined using the CIBERSORT algorithm. However, immune cell infiltration was not verified using alternate 
methods, such as single-cell sequencing. Furthermore, the importance of Zcchc24 was not verified using knockdown or 
overexpression experiments.

CONCLUSION
In conclusion, this study demonstrated that GTPs can alleviate the DEHP-induced changes in liver function and lipid 
profiles, improve fatty liver disease and partial liver fibrosis, and regulate immune cell infiltration. Additionally, an 
important miRNA-mRNA-protein molecular regulation axis that plays a crucial role in the therapeutic effects of GTPs on 
DEHP-induced liver damage was validated.
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Figure 11  Mechanisms underlying di-(2-ethylhexyl) phthalate exposure-induced liver injury and the therapeutic effects of green tea 
polyphenols on Di (2-ethylhexyl) phthalate-indued liver injury. DEHP: Di (2-ethylhexyl) phthalate; GTPs: Green tea polyphenols.

ARTICLE HIGHLIGHTS
Research background
Di (2-ethylhexyl) phthalate (DEHP) is a widely used plasticizer that has been shown to cause liver injury. Previous 
studies have reported the therapeutic effects of green tea on organ damage caused by heavy metal exposure. However, 
there is limited research on the therapeutic effects of green tea polyphenols (GTPs) specifically on DEHP-induced liver 
damage.

Research motivation
Despite the known therapeutic effects of green tea on heavy metal exposure-induced organ damage, there is a lack of 
studies investigating the specific therapeutic effects of GTPs on DEHP-induced liver damage.

Research objectives
The research objectives of this study were to evaluate the molecular mechanism underlying the therapeutic effects of 
GTPs on DEHP-induced liver damage.

Research methods
In this study, C57BL/6J mice were divided into different groups and treated with DEHP and GTPs. After 8 wk, various 
assessments were conducted, including examination of liver function, blood lipid profile, and liver histopathology. High-
throughput sequencing was used to analyze differentially expressed miRNAs and mRNAs in the liver tissues. Functional 
enrichment analysis and immune infiltration prediction were performed, and the miRNA-mRNA regulatory axis was 
elucidated using the starBase database. Protein expression was evaluated using immunohistochemistry.

Research results
The results of this study showed that GTPs had beneficial effects on DEHP-induced liver damage in mice. GTPs alleviated 
liver dysfunction, blood lipid dysregulation, fatty liver disease, liver fibrosis, and mitochondrial and endoplasmic 
reticulum lesions. The infiltration of immune cells, such as macrophages, mast cells, and natural killer cells, varied 
between the model and treatment groups. Furthermore, the study identified specific miRNAs, mRNAs, and proteins that 
constituted a regulatory axis involved in mediating the therapeutic effects of GTPs on DEHP-induced liver damage.

Research conclusions
The findings of this study indicate that GTPs have a therapeutic effect on DEHP-induced liver damage. GTPs were shown 
to alleviate liver dysfunction, blood lipid dysregulation, fatty liver disease, and partial liver fibrosis. Additionally, GTPs 
were found to regulate immune cell infiltration. The study also identified a significant miRNA-mRNA-protein regulatory 
axis involved in mediating the therapeutic effects of GTPs on DEHP-induced liver damage.
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Research perspectives
Further studies are needed to investigate the long-term effects of GTPs on DEHP-induced liver damage and to explore the 
potential mechanisms underlying the regulation of immune cell infiltration. Additionally, future research should focus on 
optimizing the dosage and administration of GTPs to maximize their therapeutic effects and minimize potential side 
effects. Furthermore, clinical trials are warranted to evaluate the efficacy and safety of GTPs as a potential therapeutic 
intervention for DEHP-induced liver damage in humans.
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Abstract
BACKGROUND 
Primary biliary cholangitis (PBC) is a chronic progressive autoimmune cholestatic 
disease. The main target organ of PBC is the liver, and nonsuppurative inflam-
mation of the small intrahepatic bile ducts may eventually develop into cirrhosis 
or liver fibrosis.

AIM 
To explore the clinical characteristics of early-stage PBC, identify PBC in the early 
clinical stage, and promptly treat and monitor PBC.

METHODS 
The data of 82 patients with PBC confirmed by pathology at Tianjin Second 
People’s Hospital from January 2013 to November 2021 were collected, and the 
patients were divided into stage I, stage II, stage III, and stage IV according to the 
pathological stage. The general data, serum biochemistry, immunoglobulins, and 
autoimmune antibodies of patients in each stage were retrospectively analyzed.

RESULTS 
In early-stage (stages I + II) PBC patients, 50.0% of patients had normal alanine 
aminotransferase (ALT) levels, and 37.5% had normal aspartate aminotransferase 
(AST) levels. For the remaining patients, the ALT and AST levels were mildly 
elevated; all of these patients had levels of < 3 times the upper limit of normal 
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values. The AST levels were significantly different among the three groups (stages I + II vs stage III vs stage IV, P < 
0.05). In the early stage, 29.2% of patients had normal alkaline phosphatase (ALP) levels. The remaining patients 
had different degrees of ALP elevation; 6.3% had ALP levels > 5 times the upper limit of normal value. Moreover, 
γ-glutamyl transferase (GGT) was more robustly elevated, as 29.2% of patients had GGT levels of > 10 times the 
upper limit of normal value. The ALP values among the three groups were significantly different (P < 0.05). In 
early stage, the jaundice index did not increase significantly, but it gradually increased with disease progression. 
However, the above indicators were significantly different (P < 0.05) between the early-stage group and the stage 
IV group. With the progression of the disease, the levels of albumin and albumin/globulin ratio tended to 
decrease, and the difference among the three groups was statistically significant (P < 0.05). In early-stage patients, 
IgM and IgG levels as well as cholesterol levels were mildly elevated, but there were no significant differences 
among the three groups. Triglyceride levels were normal in the early-stage group, and the differences among the 
three groups were statistically significant (P < 0.05). The early detection rates of anti-mitochondria antibody (AMA) 
and AMA-M2 were 66.7% and 45.8%, respectively. The positive rate of anti-sp100 antibodies was significantly 
higher in patients with stage IV PBC. When AMA and AMA-M2 were negative, in the early stage, the highest 
autoantibody was anti-nuclear antibody (ANA) (92.3%), and in all ANA patterns, the highest was ANA centromere 
(38.5%).

CONCLUSION 
In early-stage PBC patients, ALT and AST levels are normal or mildly elevated, GGT and ALP levels are not 
elevated in parallel, GGT levels are more robustly elevated, and ALP levels are normal in some patients. When 
AMA and AMA-M2 are negative, ANA especially ANA centromere positivity suggests the possibility of early PBC. 
Therefore, in the clinic, significantly elevated GGT levels with or without normal ALP levels and with ANA (partic-
ularly ANA centromere) positivity (when AMA and AMA-M2 are negative) may indicate the possibility of early 
PBC.

Key Words: Primary biliary cholangitis; Early stage; Biochemical makers; Autoantibodies; Pathology

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study of the characteristics of early-stage primary biliary cholangitis (PBC) patients, in 
which we found the suggestive role of γ-glutamyl transferase as an indicator of cholestasis in the early diagnosis of PBC. We 
also found that when anti-mitochondria antibody (AMA) and AMA-M2 were negative, positivity for anti-nuclear antibody 
(ANA) especially ANA centromere indicates early-stage PBC.

Citation: Zhu YJ, Li J, Liu YG, Jiang Y, Cheng XJ, Han X, Wang CY, Li J. Role of biochemical markers and autoantibodies in 
diagnosis of early-stage primary biliary cholangitis. World J Gastroenterol 2023; 29(34): 5075-5081
URL: https://www.wjgnet.com/1007-9327/full/v29/i34/5075.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i34.5075

INTRODUCTION
Primary biliary cholangitis (PBC) is a chronic progressive autoimmune cholestatic disease. The main target organ of PBC 
is the liver, and nonsuppurative inflammation of the small intrahepatic bile ducts may eventually develop into cirrhosis 
or liver fibrosis[1]. Currently, patients who are diagnosed and treated early respond well to ursodeoxycholic acid 
(UDCA) and have an estimated survival rate similar to that of the general population. Based on this, we retrospectively 
analyzed the data of patients with PBC in our hospital, aiming to analyze the biochemical parameters and autoimmune 
antibody characteristics of patients with early PBC to help identify early-stage PBC, actively treat this condition, and 
delay disease progression.

MATERIALS AND METHODS
Study design and sample collection
This retrospective observational study was conducted at the Clinical School of the Second People's Hospital. Patients 
were included if they met the following criteria: (1) Confirmed PBC (detected by “APASL clinical practice guidance: The 
diagnosis and management of patients with primary biliary cholangitis”). The diagnosis of PBC can be established when 
two or more of the following three criteria are met: (a) Biochemical evidence of cholestasis based mainly on the elevation 
of alkaline phosphatase (ALP) and gamma glutamyl transferase (GGT) with the exclusion of extrahepatic biliary 
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obstruction by imaging studies; (b) presence of anti-mitochondria antibody (AMA) or other PBC-specific anti-nuclear 
antibodies (ANAs) including anti-sp100 or anti-gp210; and (c) histologic evidence of non-suppurative destructive 
cholangitis mainly affecting the interlobular bile ducts; (2) underwent liver pathology biopsy and had a clear pathological 
stage; (3) initially diagnosed with PBC; and (4) were not previously treated with UDCA. Exclusion was based on the 
following criteria: (1) Various liver tumors; (2) other autoimmune diseases; (3) alcoholic liver disease, nonalcoholic fatty 
liver disease, and drug-induced liver injury; (4) active viral hepatitis; (5) obstructive cholestasis; (6) repeated liver biopsy; 
(7) incomplete information; (8) no defined pathological stage; (9) long-term application of UDCA; and (10) rejected liver 
biopsy (Figure 1).

Serological analysis
For the detection of ANA, a Hep-2 kit was used, according to standard indirect immunofluorescence (IIF) protocols. Each 
serum sample was investigated at a starting dilution of 1:100 and titrated to zero positive; samples with positive IIF at a 
titer ≥ 1:100 were deemed positive. Line immunoassay was used to detect AMA (M2), anti-sp100, and anti-gp210. 
According to Hep-2 cell patterns, ANAs were divided into nuclear (including homogeneous, cytoplasmic speckled, 
nucleolar, centromere, discrete, and nuclear) and cytoplasmic (including fibrillar, cytoplasmic speckled, and reticular)[2]. 
Pathology readings were performed by two experienced pathologists and at least one chief pathologist.

Statistical analysis
The data were analyzed with SPSS 25.0 software. Normally distributed data were analyzed by ANOVA and are 
expressed as the mean ± SD. Nonnormally distributed data were analyzed by the rank sum test and are expressed as 
medians and ranges. Count data are expressed as the number of subjects and percentages and were compared using the 
chi-square test. A difference was considered statistically significant at P < 0.05.

RESULTS
Comparison of general information among different groups
The age distribution of PBC patients ranged from 33-71 years, with an average age of 53.7 ± 8.9 years. The mean age in the 
three stage groups (stages I + II, stage III, and stage IV) was 52.4 ± 9.2 years, 57.7 ± 7.3 years, and 51.5 ± 8.7 years, 
respectively. The 82 patients with PBC were predominantly female (68/82), and the number of females in the three stage 
groups was 38, 20 and 10, respectively. There were no statistically significant differences in the mean age or sex 
proportion among the groups (P > 0.05).

In early-stage patients (n = 48), 18 (37.5%) patients did not have significant symptoms. The major symptoms of patients 
were gastrointestinal symptoms (including abdominal discomfort, pain, bloating, and nausea), fatigue, yellow urine, and 
pruritus.

Comparison of biochemical and immunological indicators among the three groups
The alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels were normal or mildly increased in the 
early-stage PBC patients, and an increasing trend with the progression of the pathological stage was observed. 
Furthermore, the AST levels were significantly different among the three groups (P < 0.05). There were significant 
differences in total bilirubin (TBIL), direct bilirubin (DBIL), and total bile acid (TBA) levels among the three groups of 
PBC patients (P < 0.05), and the difference between the early stage group and stage IV group was statistically significant (
P = 0.002, 0.003, and 0.009, respectively). With pathological progression, a decreasing trend for albumin and albumin/
globulin levels was observed, and there were statistically significant differences among the three groups and between the 
early stage group and stage IV group (P = 0.005 and 0.001, respectively). ALP and GGT levels were trending toward an 
increase. While 29.2% of patients had normal ALP levels, the remaining patients had different degrees of elevation. For 
6.3% of the patients, the ALP levels were elevated to > 5 times the upper limit of normal value. The elevation in GGT 
levels was more robust, as 29.2% of patients had elevated GGT levels of > 10 times the upper limit of normal value. The 
difference of ALP levels among the three groups was statistically significant (P < 0.05), and there was a statistically 
significant difference between the early stage group and stage IV group (P = 0.006). Triglyceride levels gradually 
decreased with the progression of the disease, and the differences among the different groups were statistically 
significant (P < 0.05). Cholesterol (CHO) levels showed an increasing tendency. CHO levels gradually increased but were 
not significantly different among the three groups. IgG, IgA, and IgM all showed an increasing trend with disease 
progression. IgG and IgM were predominantly elevated, while IgA and complement (C)3 and C4 were normal in the 
early stage. The IgA levels were significantly different among the three groups (P < 0.05) (Table 1).

Autoantibody levels in different groups of patients with PBC
The positive rates of AMA, AMA-M2, anti-sp100, and anti-gp210 were 52 (63.4%), 40 (48.8%), 16 (19.5%), and 13 (15.9%), 
respectively. The positive rate of ANA was 62 (75.6%). Cytoplasmic speckled pattern had the highest rate of 48.8%, and 
this was followed by nuclear pattern at 23.2% and centromere pattern at 15.9%. The positive rate of AMA-M2 
significantly differed among the three groups (P = 0.045), but the remaining autoantibodies were not significantly 
different (P > 0.05). In early-stage PBC patients, 32 patients were positive for AMA, 22 positive for AMA-M2, 8 positive 
for anti-sp100, and 9 positive for anti-gp210 (Table 2). Thirty-four patients were positive for ANA, of which 24 had 
cytoplasmic speckled pattern, 10 had nuclear pattern, and 6 had centromere pattern (Table 3).
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Table 1 Clinical and laboratory data of patients with primary biliary cholangitis

Early-stage (stages I + II; n = 48) Stage III (n = 22) Stage IV (n = 12) P value

ALT 53.5 (29.5-124.5) 54.0 (30.0-127.6) 80.0 (42.8-127.4) 0.639

AST 53.5 (34.0-97.3)a 68.5 (39.6-114.1) 112.2 (81.1-136.3) 0.009

TBA 9.0 (3.6-36.4)a 18.0 (7.0-45.1) 28.2 (18.0-111.5) 0.011

TBIL 15.4 (11.2-27.8)a 16.7 (13.7-24.2)a 61.2 (28.1-114.3) 0.002

DBIL 5.2 (3.7-16.0)a 8.7 (2.5-12.4)a 42.3 (15.8-67.3) 0.003

ALB 42.1 (38.3-44.8)a 39.3 (36.5-42.5) 35.8 (30. 5-41.0) 0.005

A/G 1.2 (1.1-1.4)a 1.0 (0.9-1.3) 0.9 (0.7-1.1) 0.001

ALP 200.4 (117.8-414.0)a 292.5 (162.0-421.3) 463.5 (329.6-770.5) 0.008

GGT 289.0 (133.0-668.8) 532.0 (326. 5-764.3) 336.5 (264.0-648.0) 0.070

CHO 5.8 (4.6-6.9) 6.2 (5.1-7.5) 6.8 (4.9-7.0) 0.509

TG 1.3 (1.0-1.8) 1.6 (1.2-2.1)a 1.1 (0.8-1.5) 0.019

IgG 16.7 ± 4.6 17.6 ± 6.7 20.6 ± 7.9 0.056

IgA 2.9 (2.1-3.3) 3.5 (2.5-4.7) 3.4 (2.4-4.4) 0.031

IgM 3.4 (1.8-5.1) 3.7 (2.1-5.0) 3.7 (1.9-6.8) 0.967

C3 1.4 (1.2-1.6) 1.6 (1.3-1.8) 1.2 (1.0-1.7) 0.126

C4 0.2 (0.2-0.3) 0.2 (0.2-0.3) 0.2 (0.2-0.3) 0.963

aP < 0.05 indicates statistically significant difference compared to stage IV.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBA: Total bile acid; ALP: Alkaline phosphatase; GGT: γ-glutamyl transferase; ALB: 
Albumin; A/G: Albumin/globulin; TBIL: Total bilirubin, DBIL: Direct bilirubin; CHO: Cholesterol; TG: Triglycerides; IgG: Immunoglobulin G; IgM: 
Immunoglobulin M; IgA: Immunoglobulin A; C3: Complement 3; C4: Complement 4.

Table 2 Autoantibody positive rate in patients with early-stage primary biliary cholangitis

Autoantibody AMA AMA-M2 Anti-sp100 Anti-gp210 Anti-SSA/Ro52 Anti-SSA/Ro60 ANA
n 32 22 8 9 8 2 34

% 66.7 45.8 16.7 18.8 16.7 4.2 70.8

AMA: Anti-mitochondria antibody; ANA: Anti-nuclear antibody.

Table 3 Anti-nuclear antibody subtype positive rate in patients with early-stage primary biliary cholangitis

ANA Cytoplasmic speckled Fibrillar Reticular Discrete Homogeneous Centromere Nuclear speckled Nucleolar Nuclear
n 24 2 6 7 1 6 5 0 10

% 50 4.2 12.5 14.6 2.1 12.5 10.4 0 20.8

ANA: Anti-nuclear antibody.

Analysis of other autoantibodies detected when AMA and AMA-M2 are negative
There were 25 PBC patients negative for both AMA and AMA-M2. These included 13 patients in the early stage, 6 
patients in stage III, and 6 patients in stage IV. The autoantibody positive rates among the three groups were not 
significantly different (P > 0.05). In early-stage AMA- and AMA-M2-negative patients, the positive rate was highest for 
ANA (92.3%), followed by anti-SSA/RO52 (23.1%) and anti-sp100 (15.3%). In all ANA patterns, the highest was ANA 
centromere (38.5%).
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Figure 1 Participant flow in the study. AIH: Autoimmune hepatitis; PSC: Primary sclerosing cholangitis; PBC: Primary biliary cholangitis; UDCA: 
Ursodeoxycholic acid.

DISCUSSION
PBC occurs mainly in middle-aged women, and the common clinical presentations are fatigue, splenomegaly, jaundice, 
and pruritus[1]. PBC may take 10-15 years to develop from the onset of illness to the symptomatic stage. Early diagnosis 
and treatment can improve the survival and quality of life of patients. In the early stage of PBC, patients have no obvious 
symptoms, but most patients have liver fibrosis or cirrhosis when they are diagnosed. Therefore, to improve PBC patient 
prognosis, early diagnosis and treatment are essential.

In this study, we found that GGT levels were significantly elevated in early-stage patients (29.2% of patients had 
elevated levels of > 10 times the upper limit of normal value) and tended to increase with the progression of illness. A 
study from Switzerland found elevated GGT levels in 15 of 24 PBC patients with normal ALP levels and liver biopsy 
results, and GGT levels were elevated in 13 patients who had early Nakanura stage histology. These findings suggest that 
elevated GGT levels have potential diagnostic value in PBC patients with normal ALP levels[3]. Reportedly, elevated 
GGT levels are closely related to the inflammation caused by fat deposition[4]. GGT is a key factor in maintaining the 
activity of reduced glutathione (GSH), which is an important antioxidant in the body. GGT is also involved in the 
production of GSH, which plays a cytoprotective role in inflammation and when an inflammatory response occurs[5]. In 
contrast to the levels of GGT, the levels of the cholestasis indicator ALP are not significantly elevated, and some PBC 
patients have normal ALP levels. Elevated ALP levels may be due to increased intracapillary pressure or to bile acids 
dissolving ALP from the lipid membrane into the blood[6]. A study of 67 patients with normal ALP levels and AMA 
positivity who underwent liver puncture biopsies found that 55 of these cases had pathology consistent with charac-
teristic PBC presentation. Of these 55 patients, 50 were in the early stage[7]. In our study, we found that the elevation of 
GGT levels was more pronounced in patients with early-stage disease, which may be related to early chronic inflam-
mation, excessive GSH depletion, and a compensatory increase in GGT.

We found that most patients had normal or mildly elevated ALT and AST levels in the early stage, and these levels 
increased with disease progression. These findings suggest that the degree of hepatocellular damage gradually increases. 
Alternatively, TBA, TBIL, and DBIL levels were not significantly elevated in the early stage but gradually increased with 
disease progression. In stage IV, TBIL and DBIL levels were significantly elevated, and DBIL levels were robustly 
elevated. This may be due to most of the hepatic parenchyma being damaged. In this study, IgM levels were predom-
inantly elevated in early-stage PBC patients, which is consistent with previous studies[8]. A rise in IgM levels may be 
caused by a strong IgM secretory capacity and cellular autophagy[9].

AMA and AMA-M2 may be detectable in serum when patients are symptom-free and liver tests are normal, and they 
are highly specific autoantibodies for PBC. In recent years, with the development of detection methods, anti-sp100 and 
anti-gp210 have already been identified as PBC-specific autoantibodies. In a retrospective study of 4371 patients from 
Italy, the specificity of anti-sp100 and anti-gp210 for PBC was confirmed, especially in AMA-negative patients[10]. 
However, the reported positive rates vary widely across regions. The differences in antibody positive rates among 
regions could be due to different patient selection criteria and differences in technical and genetic backgrounds. In our 
study, the autoantibody rates of all patients were as follows: AMA, 63.4%; AMA-M2, 48.8%; and anti-gp210, 15.9%. These 
rates are lower than those reported in previous studies[11,12]. We found that the positive rate of anti-sp100 was 19.5%, 
and the positive rate of ANA was 75.6%. These rates are higher than those in other reports. One possible explanation for 
this is that our study did not adopt random sampling, but only patients with PBC confirmed by liver biopsy were 
included. This may be the main reason why the autoantibody positive rates in this study are lower than those in other 
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studies. The positive rates of AMA, AMA-M2, and anti-gp210 in early-stage patients with PBC were 66.7%, 45.8%, and 
18.8%, respectively, which were similar to the rates of all PBC patients. The positive rate of anti-sp100 was significantly 
higher in stage IV PBC patients.

The number of AMA- and AMA-M2-negative PBC patients was 25, of which 13 (86.7%) were in the early stage. In 
early-stage AMA- and AMA-M2-negative patients, the positive rate of ANA was highest (92.3%). In all ANA patterns, the 
highest was ANA centromere (38.5%), which decreased with the progression of the disease. However, there were no 
significant differences in this parameter among the three groups (P > 0.05). In this article, we summarized available data 
on the characteristics of ANA patterns. We should be aware of the possibility of unexplained elevations in serum markers 
for cholestasis in AMA(M2)-negative patients, but ANA, especially centromere pattern, was positive in early-stage 
patients. Although those ANAs are not specific for PBC diagnostic purposes, they can still be used as auxiliary markers to 
reduce the rate of missed diagnoses when AMA(M2) is negative. A previous study reported that ANA centromere was 
almost exclusively limited to PBC patients. Thus, this antibody can still be used as an auxiliary marker to reduce the rate 
of missed diagnoses when AMA(M2) is negative[12].

CONCLUSION
In summary, in early-stage PBC patients, ALT and AST levels are normal or mildly elevated, GGT and ALP levels are not 
elevated in parallel, GGT levels are more robustly elevated, and ALP levels are normal in some patients. When AMA and 
AMA-M2 are negative, ANA (especially ANA centromere) positivity suggests the possibility of early PBC. Therefore, in 
the clinic, significantly elevated GGT levels with or without normal ALP levels and with ANA (particularly ANA 
centromere) positivity (when AMA and AMA-M2 are negative) may indicate the possibility of early PBC.

This study is a retrospective study with limited inclusion. Thus, it adopted nonrandom sampling with some bias. 
Further studies should be conducted in the future to expand the sample size and to follow up on the prognosis of patients 
with early-stage PBC after treatment with UDCA.

ARTICLE HIGHLIGHTS
Research background
The long course and insidious symptoms of primary biliary cholangitis (PBC) make it difficult to diagnose in the early 
stage.

Research motivation
To analyze clinical features and autoantibodies in patients with early-stage PBC.

Research objectives
To improve the diagnosis rates of early-stage PBC.

Research methods
We included 82 patients with PBC diagnosed by liver pathology with clear pathologic stage and divided them into three 
groups to compare their laboratory parameters and autoantibody positivity.

Research results
In early-stage PBC patients, alanine aminotransferase and aspartate aminotransferase levels were normal or mildly 
elevated, gamma glutamyl transferase (GGT) and alkaline phosphatase (ALP) levels were not elevated in parallel, GGT 
levels were more robustly elevated, and ALP levels were normal in some patients. When anti-mitochondria antibody 
(AMA) and AMA-M2 were negative, anti-nuclear antibody (ANA) (especially ANA centromere) positivity suggests the 
possibility of early-stage PBC.

Research conclusions
We found that GGT is elevated significantly and earlier in the early-stage PBC group. ANA and associated-ANA 
subtypes can be used as second-line markers for the diagnosis of early-stage PBC (particularly when specific 
autoantibodies are negative).

Research perspectives
We hope that this study will increase the rates of diagnosis of early-stage PBC by clinicians.
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Abstract
BACKGROUND 
Neuroendocrine tumors (NET) are rare heterogeneous tumors that arise from 
neuroendocrine cells throughout the body. Acromegaly, a rare and slowly 
progressive disorder, usually results from a growth hormone (GH)-secreting 
pituitary adenoma.

CASE SUMMARY 
We herein describe a 38-year-old patient who was initially diagnosed with 
diabetes. During colonoscopy, two bulges were identified and subsequently 
removed through endoscopic submucosal dissection. Following the surgical 
intervention, the excised tissue samples were examined and confirmed to be 
grade 2 NET. 18F-ALF-NOTATATE positron emission tomography-computed 
tomography (PET/CT) and 68Ga-DOTANOC PET/CT revealed metastases in the 
peri-intestinal lymph nodes, prompting laparoscopic low anterior resection with 
total mesorectal excision. The patient later returned to the hospital because of 
hyperglycemia and was found to have facial changes, namely a larger nose, 
thicker lips, and mandibular prognathism. Laboratory tests and magnetic 
resonance imaging (MRI) suggested a GH-secreting pituitary adenoma. The 
pituitary adenoma shrunk after treatment with octreotide and was neuroendo-
scopically resected via a trans-sphenoidal approach. Whole-exome sequencing 
analysis revealed no genetic abnormalities. The patient recovered well with no 
evidence of recurrence during follow-up.

CONCLUSION 
18F-ALF-NOTATE PET/CT and MRI with pathological analysis can effectively 
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diagnose rare cases of pituitary adenomas complicated with rectal NET.

Key Words: Neuroendocrine neoplasm; Pituitary adenoma; Rectum; Diagnosis; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We herein present a rare case of rectal dual-source grade 2 neuroendocrine tumors with a pituitary growth 
hormone-secreting tumor that caused acromegaly and diabetes. The rarity of this combination makes an accurate diagnosis 
difficult to achieve. The correct diagnosis can be obtained by using 18F-ALF-NOTATATE-positron emission 
tomography–computed tomography and magnetic resonance imaging combined with pathological analysis.
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INTRODUCTION
Neuroendocrine tumors (NETs) are a heterogeneous group of rare tumors that exhibit complex clinical behaviors. They 
typically originate from peptidergic neurons and neuroendocrine cells throughout the body, with gastroenteropancreatic 
NETs being the predominant form. The rectum is the most common location of these tumors, accounting for 37.4% of 
cases[1,2]. Acromegaly, another rare disorder that often goes undiagnosed, is a chronic, progressive endocrine and 
metabolic disease with an inconspicuous onset. The main cause of acromegaly is excessive production of growth hormone 
(GH), and > 95% of patients with enlarged limbs have pituitary adenomas that secrete GH[3]. GH stimulates the liver to 
produce insulin-like growth factor-1 (IGF-1), and excessive proliferation of soft tissue, bone, and cartilage can occur 
secondary to long-term excessive secretion of GH and IGF-1. This results in the typical symptom of enlarged limbs and 
can have a significant impact on various organ systems, such as the respiratory, cardiovascular, digestive, and glucose 
metabolism systems. Compression or invasion of pituitary adenomas can result in headaches, visual impairment, and 
adenohypophysis. The median age at diagnosis of acromegaly ranges from 40.5 years to 47.0 years, with delays in 
diagnosis lasting from 4.5 years to 9.0 years. Delayed diagnosis can significantly increase the incidence of complications 
and difficulty in treating patients with large limbs. In this case report, we describe a 38-year-old woman who was 
diagnosed with two concurrent grade 2 (G2) rectal NETs and a pituitary adenoma on the basis of 18F-ALF-NOTATATE 
positron emission tomography-computed tomography (PET/CT) and 18F-fluorodeoxyglucose (18F-FDG) PET/CT findings. 
To the best of our knowledge, the combination of simultaneous rectal NETs and a GH-secreting pituitary adenoma has 
not been previously reported. To diagnose this disorder, patients may undergo both 18F-ALF-NOTATATE PET/CT and 
18F-FDG PET/CT scans, which can reveal small lesions that cannot be detected through conventional imaging. However, 
routine imaging examination by CT may fail to identify pelvic metastatic lymph nodes. Because of an abnormal blood 
glucose concentration, a patient may initially be suspected of having diabetes and given hypoglycemic treatment. 
However, if the patients’ blood glucose control remains poor, their clinical manifestations may be hidden, and changes in 
their limbs and face may only be detected long after the onset of symptoms. A multidisciplinary approach involving 
various specialists in the fields of endocrinology, neurosurgery, imaging, pathology, oncology, and others is required for 
the diagnosis and treatment of NETs. Multidisciplinary diagnosis and treatment can significantly enhance the standard-
ization, accuracy, and individualization of patient management. Collaborative diagnosis and treatment can lead to 
improvement of patients’ quality of life, early diagnosis of diseases, better symptom management, prevention of complic-
ations, and reduced psychological distress.

CASE PRESENTATION
Chief complaints
A 38-year-old woman was admitted to our hospital for evaluation of long-standing chronic constipation and polydipsia.

History of present illness
Upon admission to the hospital, the patient underwent colonoscopy, which revealed two masses. The masses were 
confirmed to be G2 NETs after endoscopic submucosal dissection and pathological examination. Peri-intestinal lymph 
node metastasis was detected using 18F-ALF-NOTATATE PET/CT and 18F-FDG PET/CT, leading to treatment by laparo-
scopic low anterior resection with total mesenterectomy. After surgery, the patient exhibited symptoms of poor blood 
glucose control, and further examination revealed the presence of a pituitary macroadenoma. The patient received three 
cycles of octreotide acetate before undergoing surgical intervention for the pituitary macroadenoma.

https://www.wjgnet.com/1007-9327/full/v29/i34/5082.htm
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History of past illness
The patient was diagnosed with diabetes on the basis of polydipsia and abnormal blood glucose concentrations.

Personal and family history
She had no family history of NETs or psychological or genetic disorders.

Physical examination
All vital signs were stable and physical examination revealed no notable abnormalities.

Laboratory examinations
Laboratory examinations showed that the patient had a high GH concentration at 47.79 ng/mL (reference range, 0.126-
9.88 ng/mL) and high IGF-1 concentration at 497 ng/mL (reference range, 111-284 ng/mL). However, she had normal 
serum concentrations of sex hormones, adrenocorticotropic hormone (ACTH), thyrotropin, free thyroid hormone, and 
prolactin. Blood samples were collected at Peking Union Medical College Hospital 0, 30, 60, 120, and 180 min after a 
standard 75-g glucose test; at each of these time points, her plasma GH concentration was 29.1, 20.9, 19.2, 23.2, and 28.4 
ng/mL, respectively.

Imaging examinations
18F-ALF-NOTATATE PET/CT and 18F-FDG PET/CT were performed to detect metastases (Figure 1A and B). 18F-ALF-
NOTATATE PET/CT clearly revealed metastases and high uptake in three peri-rectal and pre-sacral lymph nodes with a 
maximum standardized uptake value (SUV) of 13.24, 7.31, and 5.55, respectively, whereas these findings were not 
depicted on 18F-FDG PET/CT. The patient then underwent 68Ga-DOTANOC PET/CT at the First Affiliated Hospital of 
Sun Yat-Sen University. The 68Ga-DOTANOC PET/CT findings were consistent with the 18F-ALF-NOTATATE PET/CT 
findings, showing that the largest affected lymph node had a maximum SUV of 4.8 (Figure 1C and D).

FINAL DIAGNOSIS
The patient was diagnosed with rectal NETs with peripheral lymph node metastasis. The final pathology report listed 
rectal NETs, G2, stage T1N1M0 with 4/15 lymph node metastases. The patient also had acromegaly and secondary 
diabetes caused by a GH-secreting pituitary adenoma.

TREATMENT
Because of chronic constipation, colonoscopy was performed and revealed two lesions of 1.0 cm and 1.8 cm in diameter 
located 3.0 cm from the anus (Figure 2). These rectal lesions were resected by minimally invasive endoscopic submucosal 
dissection on 27 June 2019. Pathological examination of the two rectal specimens suggested histologic G2 NETs that were 
positive for synaptophysin and CD56 but negative for chromogranin A (Figure 3). The Ki67 index was 7% for the 1.8-cm-
diameter tumor and 4% for the 1.0-cm-diameter tumor. Strong expression of SSTR2 (+++) suggested a predominance of 
the SSTR2 subtype. Only a few scattered cells were phosphorylated histone H3-positive. The larger lesion was 0.1 cm 
from the circumferential margin, whereas the smaller lesion was adjacent to the excision edge. 18F-ALF-NOTATATE PET/
CT and 18F-FDG PET/CT scans in our hospital showed metastasis and high uptake in three perirectal and presacral 
lymph nodes. Laparoscopic low anterior resection with total mesorectal excision was performed 5 mo after diagnosis of 
the rectal lesions. Histological analysis of the operative specimens showed that the lymph nodes contained neuroen-
docrine cells. Immunohistochemical staining was positive for synaptophysin and CD56 but negative for chromogranin A. 
The Ki67 index was 3% (Figure 4). Four months after the rectal lesion was diagnosed by pathological examination, the 
patient returned to the local hospital because of hyperglycemia, and examination revealed facial changes including an 
enlarged nose, thickened lips, and mandibular kyphosis. A 2.4 cm × 1.3 cm × 1.3 cm pituitary adenoma was revealed by 
contrast-enhanced magnetic resonance imaging (MRI) (Figure 5). The GH-secreting pituitary macroadenoma was 
diagnosed by pathological examination. The patient was treated with long-acting octreotide (20 mg) at an interval of 28 d, 
and the lesion was reduced to 1.16 cm × 0.61 cm × 1.27 cm after three courses of treatment. The patient then underwent 
successful neuroendoscopic pituitary surgery via a trans-sphenoidal approach with sellar base reconstruction. 
Postoperative pathological examination confirmed the diagnosis of a pituitary adenoma, which was positive for GH and 
CAM5.2, was negative for ACTH, and had a Ki67 index of < 1%. The patients’ skin condition significantly improved, 
becoming smoother and more refined after undergoing neuroendoscopic pituitary gland surgery. Moreover, her 
biochemical indicators consistently remained within the reference range postoperatively, especially with regard to her 
blood glucose control, which normalized without the need for hypoglycemic drugs. Given that the patients’ GH-secreting 
pituitary tumor was a macroadenoma, direct surgery was challenging and complete removal was difficult. However, the 
tumor gradually decreased in size with the three cycles of octreotide acetate microsphere treatment, allowing successful 
R0 resection through timely surgical intervention. Thereafter, follow-up head MRI findings remained normal and the 
serum GH and IGF-1 concentrations consistently stayed within the reference range.
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Figure 1 Images. A and B: 18F-ALF-NOTATATE positron emission tomography-computed tomography (PET/CT) images and corresponding 18F-
fluorodeoxyglucose (18F-FDG) PET/CT images in a patient with rectal neuroendocrine tumors in our hospital; C and D: 68Ga-DOTANOC PET/CT and 18F-FDG 
PET/CT images in the First Affiliated Hospital of Sun Yat-sen University.

OUTCOME AND FOLLOW-UP
The patient returned for follow-up at 4, 13, and 16 mo after her pituitary surgery. No evidence of recurrence was found, 
and she remained asymptomatic.

DISCUSSION
Rectal NETs can cause symptoms such as bleeding or changes in bowel habits; however, many patients are 
asymptomatic. The incidence of gastrointestinal NETs, including rectal NETs, is increasing, with a reported incidence of 
1.04 per 100000 individuals per year according to the surveillance, epidemiology and end results database[4]. This 
increase is likely due to improved diagnostic endoscopy rather than a genuine increase in incidence.

Approximately 80% of rectal NETs are small (< 1 cm). There is typically no invasion or metastasis at the time of initial 
diagnosis. A strong correlation reportedly exists between the tumor size and spread, with only 2% of tumors under 1 cm 
having metastasized. The incidence of metastasis of rectal NETs ranges from 10% to 15% for 1- to 2-cm tumors but 
increases to 60% to 80% for tumors larger than 2 cm[5-7]. Treatment for localized G1 and G2 rectal NETs can be purely 
endoscopic, whereas low anterior resection of the rectum and removal of lymph nodes is necessary for advanced, 
localized rectal NETs. Most rectal NETs are located in the mid-section of the rectum, approximately 5 cm to 10 cm from 
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Figure 2 Two lesions. A: The one lesion at the lower rectum under colonoscopy; B: The second lesion at the lower rectum under colonoscopy.

Figure 3 Hematoxylin-eosin staining and immunohistochemical staining. A and B: Hematoxylin-eosin staining shows the pathological features of rectal 
neuroendocrine tumors in the larger and smaller tumor tissue specimens (20 ×); C-E: Immunohistochemical staining of neuroendocrine markers CD56, Syn, and CgA 
in representative tumor tissue selected by the physician (4 ×); F: Ki-67 expression in the neuroendocrine tumor at the rectum by immunohistochemistry (10 ×). Brown 
nuclear stain highlights Ki-67-positive tumor cells.
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Figure 4 Tumor metastasis was observed in the peri-intestinal lymph nodes (4/15). A and B: Laparoscopic low anterior resection with total 
mesorectal excision was performed 5 mo after diagnosis of the rectal lesions. Central lymph nodes were selected from the lesion for hematoxylin–eosin staining to 
evaluate the metastasis of neuroendocrine cells (A: 100 ×, B: 400 ×); C-E: Immunohistochemical detection to evaluate the expression and distribution of 
neuroendocrine markers SSTR2, syn, and CgA in central lymph nodes (400 ×); F: Ki-67 expression in central lymph nodes by immunohistochemistry (400 ×).

the anus[5,8]. In the present case, concurrent rectal G2 NETs were detected in the distal rectum approximately 3 cm from 
the anus. 18F-ALF-NOTATATE PET/CT showed evidence of lymph node metastases, making this the first patient to be 
diagnosed with NETs by a combination of 18F-ALF-NOTATATE PET/CT and 18F-FDG PET/CT in our hospital. To 
confirm these findings, we referred the patient to the First Affiliated Hospital of Sun Yat-Sen University for a 68Ga-
DOTANOC PET/CT scan, the results of which were consistent with our initial findings. The 18F-based method is 
promising, with 18F-octreotide being a potential alternative to 68Ga-DOTA peptides. 18F-AlF-NOTA-octreotide (18F-OC) is a 
peptide imaging agent that can be rapidly synthesized and demonstrates strong uptake by tumors[9,10]. The combination 
of 18F-FDG and 18F-OC PET/CT has the potential to enhance the staging and management of neuroendocrine neoplasms
[11]. At our hospital, more than 200 patients have undergone combined 18F-ALF-NOTATATE PET/CT and 18F-FDG PET/
CT scanning to detect rectal NETs.

Pituitary adenomas are among the most common primary central nervous system tumors; their estimated prevalence is 
17% of all such tumors[12-14]. Approximately half (46%-64%) of these tumors are hormone-secreting (i.e. functional). 
Frequently secreted hormones include prolactin, GH, thyrotropin, and ACTH. GH-secreting adenomas account for 13% to 
20% of hormone-secreting pituitary adenomas. They cause gigantism before and acromegaly after closure of the 
epiphyseal growth plates[15-17]. GH hypersecretion leads to acral enlargement (77%), coarse facial features (54%), 
profuse sweating (52%), and insulin resistance (15%). A diagnosis of acromegaly is often confirmed by a high serum 
concentration of IGF-1. When the IGF-1 concentration is equivocal, an oral glucose tolerance test may be performed, and 
the absence of GH suppression to < 1 ng/mL is indicative of acromegaly[18]. MRI of the pituitary gland is used to assess 
the size and location of an adenoma. Our patient was diagnosed with a pituitary adenoma resulting in acromegaly and 
diabetes mellitus. Despite being histologically benign, hormone-secreting pituitary adenomas are associated with 
significant morbidity resulting from their direct impact on surrounding neurovascular structures and/or excessive 
hormone secretion, both of which may lead to a shortened lifespan[19-21]. Early diagnosis and effective management are 
critical for reducing morbidity and minimizing mortality.
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Figure 5 Magnetic resonance imaging for pituitary adenoma. A: Pretreatment with long-acting octreotide (20 mg); B: Pretreatment with long-acting 
octreotide (20 mg) for 28 d.

The global prevalence of acromegaly, a rare and slowly progressive disorder, is approximately 60 per million. 
Acromegaly occurs when the pituitary gland produces too much GH[22-24]. Pituitary adenomas, which are responsible 
for approximately 90% of cases of acromegaly, are often very large at the time of detection because of delays in diagnosis. 
We have herein reported a very rare case. Although familial hereditary syndromes can be linked to the disease, our 
patient had no known family history of NETs, and whole-exome sequencing with an illumina genome analyzer (Illumina, 
San Diego, CA, United States) at Jinyu Medicine revealed no genetic abnormalities.

Krug et al[25] described a patient with acromegaly that was caused not by a pituitary adenoma but instead by a 
sporadic pulmonary NET[26]. Here, we have reported the simultaneous occurrence of rectal NETs with a GH-secreting 
pituitary adenomas; to the best of our knowledge, this combination of tumors has not been previously reported. The 
increased risk of colonic polyposis in individuals with acromegaly is well-recognized[21]. Several studies have shown 
that patients with acromegaly have a 2 to 14-fold increased risk of colon cancer compared with the normal population[27-
30]. Furthermore, nodular thyroid disease is frequently seen in patients with acromegaly[31], some of whom have thyroid 
malignancies. The co-occurrence of rectal NETs and a GH-secreting pituitary adenoma in the present patient may have 
been coincidental. There is emerging evidence of an association between the GH/IGF-1 endocrine axis and cancer 
progression[32]. Excessive secretion of GH and IGF-1 by the pituitary adenoma may have stimulated the growth of our 
patients’ rectal NETs. Surgical resection of the adenoma is the preferred treatment option for patients diagnosed with a 
GH-secreting pituitary adenoma. This approach can effectively eliminate or reduce the adenoma and decrease the levels 
of GH and IGF-1. The transsphenoidal approach is the primary method utilized to perform surgical interventions on 
pituitary adenomas, whereas craniotomy is only required in rare cases. Despite significant advancements in surgical 
techniques, there are still inherent risks associated with major extremity surgery, such as olfactory disturbance; hypopitu-
itarism; temporary or permanent central diabetes insipidus; damage to vital nerves, blood vessels, brain tissue, and the 
blood supply of the skull base, resulting in postoperative cranial nerve dysfunction such as optic nerve impairment; 
cerebrospinal fluid rhinorrhea; meningitis; bacteremia; sepsis; hypothalamic syndrome; and even death. Patients with 
GH-secreting pituitary adenomas are at significantly higher risk when undergoing general anesthesia than are patients 
with other types of pituitary adenomas. These risks include abnormal cardiopulmonary function, increased perioperative 
risk, and difficulty in tracheal intubation and extubation because of soft tissue hyperplasia, making the operation more 
challenging for surgeons. The incidence and risk of rectal NETs in patients with acromegaly resulting from GH-secreting 
pituitary adenomas are unknown. Further research is necessary to elucidate the underlying mechanisms and to 
determine the clinical significance of this association.

CONCLUSION
We have herein presented a rare case of concurrent rectal G2 NETs combined with a pituitary adenoma. Pituitary 
adenomas lead to acromegaly and diabetes mellitus. Accurate diagnosis of this patients’ condition was difficult. 18F-ALF-
NOTATATE PET/CT and pathological analysis achieved the correct diagnoses in this case.
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Abstract
Dan and colleagues recently published research suggesting that the gastroin-
testinal microbiome (microorganisms and metabolites) in cholelithiasis. They 
reviewed gallbladder stones, choledocholithiasis, and asymptomatic gallstones. 
Finally, their discussion was on the gastrointestinal. We focused on comple-
menting the effect of the S1 protein and neuroinflammatory changes caused by 
severe acute respiratory syndrome coronavirus 2. Our contribution was about to 
involve the microbiota and the nervous system. They can have similar functions 
because they have similar pathways and advantages, bearing in mind γ-
aminobutyric acid in schizophrenia and serotonin in Parkinson's disease. 
Therefore in the next few years, more research should be encouraged on the 
microbiota consequences for development, and mobility.
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Core Tip: The microbiota and the nervous system can have similar functions because 
they have similar advantages. Bearing in mindγ-aminobutyric acid (GABA) in schizo-
phrenia and serotonin in Parkinson's disease and GABA and serotonin management, we 
expect in the next few years, more research should be encouraged on the microbiota 
consequences for development, and mobility.
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TO THE EDITOR
Dan and colleagues recently published research suggesting that the gastrointestinal microbiome (microorganisms and 
metabolites) in cholelithiasis. They reviewed gallbladder stones, choledocholithiasis, and asymptomatic gallstones. 
Finally, their discussion was on the gastrointestinal microbiome changes and influences on cholelithogenesis[1]. This 
letter focuses on complementing the effect of the S1 protein and neuroinflammatory changes caused by severe acute 
respiratory syndrome coronavirus 2.

In the article by Garza-Velasco et al[2] molecular techniques were used for sequence and nucleic acids. The polymerase 
chain reaction in real time provided information on the importance of the microbiota in the proper functioning of the 
human body, i.e. the treatment programs associated with the administration of antibiotics affect the normal microbiota. 
This treatment causes the loss of sensitive members to the antimicrobial agent. Therefore, this can open the door for 
pathogens, which sometimes face serious competition for nutrients and oxygen. Also, both the microbiota and the 
nervous system may have similar functions because they have similar advantages. They argued that the microbiota may 
be important for the development, mobility, learning, and memory of the human brain by influencing different 
neurotransmitters such as serotonin and acid γ-aminobutyric acid (GABA), certain amounts of serotonin are also 
produced by bacteria such as Clostridium sporogenes and Ruminococcus. In addition, the microbiota synthesizes 
vitamins that contribute to the formation of important compounds in the metabolism of intestinal cells, including vitamin 
B and niacin, which are necessary for the tissues to produce Nicotinamide Adenine Dinucleotide. On the other hand, a 
significant part of the primary barrier prevents the free colonization of pathogens, regulates the proliferation of 
pathogens, and the productivity of antimicrobial agents that harm other species and/or different clones of the same 
species. Research on Escherichia coli colicins, with variants of the same species causing diarrhea. The protection of the 
intestinal microbiota also includes SCFA, for example, the acetate synthesized by Bifidobacterium longum prevents the 
development of Pseudomonas aeruginosa. Therefore together with propionate and butyrate, it prevents the growth of 
EHEC O157 and Proteus mirabilis[2]. Bearing in mind other studies with neurotransmitters involved in brain 
impairments GABA and serotonin. For example in the brain GABA in schizophrenic patients (modeling in brain areas by 
Ferrarelli and Tononi[3]; auditory cognitive properties by Mugruza-Vassallo and Potter[4]) as well as the linear asso-
ciation reported for the greater serotonin the lower nigral iron in Parkinson’s disease patients (Jellen et al[5]).

Moreover, Swidsinki and Loening-Baucke[6] have shown that intestinal bacterial monocultures are resistant. They can 
avoid the host's immunological responses that are persistent in harsh environments and have a coordinated response to 
environmental stressors. The intestine is never completely sterile, and the host never has complete control over bacterial 
growth. The appearance, composition, and organization of the gut microbiota in each gut segment depended on whether 
inhibition or segregation predominates. In areas of the intestine where the microbiota was suppressed, the bacteria were 
sporadically present with variable composition and low concentrations. Complete separation of bacteria from the mucosa 
and low levels of inhibition leads to the formation of intestinal reservoirs where bacteria can grow and reach high concen-
trations[3]. Intestinal reservoirs where bacteria can grow and accumulate in high concentrations are formed as a result of 
complete separation of bacteria from the mucosa and low levels of inhibition[3]. These bacteria are native to these regions 
of the intestine as well as for development and mobility.

Our contribution to the types of microbiome, the locations and how the microbiome affects or favors humans. Above 
all, the microbiota and the nervous system can have similar functions because they have similar advantages and 
pathways, bearing in mind GABA in schizophrenia and serotonin in Parkinson’s disease. Therefore in the next few years, 
more research should be encouraged on the microbiota consequences for development, and mobility.

Our objective in this work was to make a contribution to the types of microbiome, the locations and how the 
microbiome affects or favors us. Above all, the microbiota and the nervous system can have similar functions because 
they have similar advantages, it is argued that the microbiota can be important for development and mobility. All authors 
are in complete agreement with the information stated. The content of this manuscript is our original work and has not 
been published, in whole or in part, before or simultaneously with this submission.
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