
RESEARCH ARTICLE

Association of mucin family members with

prognostic significance in pancreatic cancer

patients: A meta-analysis

Wei XuID
1, Man Zhang2, Lu Liu1, Minyue Yin1, Chunfang Xu3*, Zhen Weng4*

1 Department of Gastroenterology, The First Affiliated Hospital of Soochow University, Suzhou, Jiangsu,

China, 2 Department of Emergency Medicine, The Affiliated Hospital of Xuzhou Medical University, Xuzhou,

Jiangsu, China, 3 The First Affiliated Hospital of Soochow University, Suzhou, Jiangsu Province, China,

4 Cyrus Tang Hematology Center and Ministry of Education Engineering Center of Hematological Disease,

The Collaborative Innovation Center of Hematology, Soochow University, Suzhou, China

* xcf601@163.com (CX); zweng@suda.edu.cn (ZW)

Abstract

Objective

The role of biomarkers in the early diagnosis and prognosis prediction of tumors has been

paid more and more attention by researchers. Mucins are markers that have been found to

have an abnormal expression in many tumors in recent years, which have been proved to

have a predictive effect on the prognosis of tumors such as cholangiocarcinoma and colon

cancer. However, whether it can predict the prognosis of pancreatic cancer remains

unknown. The purpose of our study is to investigate whether the mucins and their subtypes

are related to the prognosis of patients with pancreatic cancer.

Methods

We systematically searched the Pubmed, Embase, and Cochrane Library for all eligible

studies on the relationship between mucin and the prognosis of patients with pancreatic

cancer up to November 2021. We used R 4.12 to calculate the combined risk ratio (HR) and

95% confidence interval (CI). For studies that did not provide HR values, we used scientific

methods to calculate their values as accurately as possible. We used fixed effect model due

to low heterogeneity. Subgroup analysis and sensitivity analysis were used to study hetero-

geneity. The funnel plot and Egger test were used to test whether the publication bias

existed. The trim and filling method were used to evaluate the impact of publication bias on

the results of the study.

Results

A total of 18 studies were included in this meta-analysis, including 4 subtypes of mucin fam-

ily members and 1643 patients. There was a slight heterogeneity between studies (I2 =

24.4%, P = 0.14). Meta-analysis showed that MUC4 (HR = 2.04, 95%CI 1.21;3.45), MUC16

(HR = 2.10, 95%CI 1.31;3.37), and whole mucin (HR = 1.32, 95%CI 1.07;1.63). The expres-

sion level was negatively correlated with the prognosis of pancreatic cancer patients, MUC1
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(HR = 1.09, 95%CI 0.77;1.54), MUC5 (HR = 1.03, 95%CI 0.47;2.25) The expression level

was not related to the prognosis of pancreatic cancer patients.

Conclusion

The meta-analysis demonstrated that the overall expression level of mucin and the expres-

sion levels of MUC4 and MUC16 were important prognostic predictors for pancreatic cancer

patients. MUC1 and MUC5 had no predictive value for the prognosis of pancreatic cancer

patients. Future studies should validate these and other promising biomarkers.

Trial registration

PROSPERO registration number is CRD42021291962. https://www.crd.york.ac.uk/

prospero/display_record.php?ID=CRD42021291962.

1. Introduction

Pancreatic cancer (PC) is a malignant tumor of the alimentary system with concealed patho-

genesis, a high degree of malignancy, rapid progression, and poor prognosis. According to the

location of pancreatic cancer, it is mainly divided into two clinical types: pancreatic head carci-

noma and carcinoma of the pancreatic body and tail. Most pancreatic cancers originate from

the pancreatic ductal glandular epithelium and form pancreatic ductal adenocarcinoma

(PDAC). A few are from other sources such as mucinous cystadenocarcinoma, acinar cell car-

cinoma, and so on. Smoking, obesity, diabetes, and alcohol intake are recognized as the most

important risk factors for pancreatic cancer [1]. In addition, many studies have also found that

ABO blood group, infection, chronic pancreatitis, dietary habits, and so on may play a role in

the pathogenesis and progression of pancreatic cancer [2]. According to statistics, pancreatic

cancer is the third leading cause of cancer-related deaths in the United States with a 5-year sur-

vival rate of 10% [3]. It is expected to surpass breast cancer as the third leading cause of cancer

death [4]. Surgery is the only hope for curing pancreatic cancer [5]. However, pancreatic can-

cer usually has no obvious symptoms in the early stage. Once patients have clinical symptoms

such as abdominal or middle back pain, obstructive jaundice and weight loss [6], it means that

most of them have entered the advanced stage, and it is often difficult for patients to have the

opportunity to operate. Add insult to injury, pancreatic cancer is not sensitive to chemother-

apy and radiotherapy. Even immunotherapy, which has made great progress in recent years, is

still not effective in the treatment of pancreatic cancer. Looking for the factors that affect the

prognosis of pancreatic cancer can predict the survival time of patients with pancreatic cancer

and provide a new direction for basic research and clinical treatment.

Mucins are glycoproteins synthesized by epithelial cells. Dozens of mucin families have

been found, including MUC1, MUC2, MUC4, MUC5, MUC6, MUC16, MUC20, and so on

[7]. These proteins are mainly characterized by high levels of O-linked oligosaccharides,

divided into two types: secretory mucin and membrane-anchored mucin, according to their

mode of action and distribution. Mucin plays a protective role in the body. Once secreted, it

forms a barrier that protects fragile epithelial cells from the extracellular environment and

selects substances for epithelial cells to bind and ingest [8]. The investigators deem that there is

a significant correlation between the expression level of the mucin family and various malig-

nant tumors. In previous studies, it has been proved that the mucin family can be used as a
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diagnostic factor for various cancers [9]. Some members of the mucin family (such as MUC4)

can predict the adverse clinical outcome of a variety of cancers (such as lung cancer, cholangio-

carcinoma, colorectal cancer, etc.) [10–13]. However, the relationship between mucin family

members and the prognosis of pancreatic cancer has not been determined. The purpose of this

meta-analysis was to reveal the ability of mucin family members to predict the prognosis of

pancreatic cancer and to provide strong evidence for the relationship between mucin family

members and the prognosis of pancreatic cancer.

2. Methods

2.1 Search strategy and eligibility

Using the words “MUC,” “Mucin,” “pancreatic cancer,” and “prognosis” as keywords. A com-

prehensive and detailed search of PubMed, Embase, Cochrane and other medical databases

was conducted to collect all the literature about the relationship between the members of the

mucin family and the prognosis of pancreatic cancer. The deadline was November 2021. In

order to make this study more reliable and rigorous, we set the inclusion and exclusion criteria

of the literature according to the research needs. The inclusion criteria were as followed: (1)

Explain the detection method of mucin expression level clearly, and this method could reflect

the mucin expression level of pancreatic cancer correctly. (2) The diagnosis of pancreatic can-

cer was confirmed by imaging and pathological examination. (3) The study’s groups were

divided into high expression groups and low expression groups according to the expression

level of mucin. (4) The study must provide at least one of the following three items: explicit

HR and 95%CI, survival curve from which HR can be extracted, or explicit HR and P value.

(5) The study had high literature quality to ensure reliability, and the Newcastle-OttawaScale

score was not less than 6. (6) In order to ensure the comparability of the members of the

mucin family and facilitate the subgroup analysis in the future, only when the number of stud-

ies on a member of the mucin family was not less than 3, the research on that member will be

included in the final analysis—each final included study needed to meet the above six criteria

simultaneously. In addition, when the study meets any of the following exclusion criteria, it

will be excluded. The exclusion criteria were as followed:(1) Animal experiments, abstracts,

reviews, case reports, and studies that have nothing to do with the contents of this study. (2)

The study of mucin combined with other mucins rather than alone. (3) The study only pro-

vided the survival curve. According to the standard method, the P value of the risk ratio

extracted from the survival curve was quite different from that in the original study. (4) The

study of other pancreatic tumors without pancreatic cancer or combining pancreatic cancer

with other pancreatic tumors. The only study that met all inclusion criteria and did not meet

any of the exclusion criteria would be included in the meta-analysis.

2.2 Data extraction and literature evaluation

The primary extracted data of the included study were as follows: title, first author name, pub-

lication time, mucin member type, number of control group and case group, region, the detec-

tion method of Mucin expression level, HR value, and 95%CI, the source of the sample

population. Wei Xu and Man Zhang extracted and summarized independently from the

research finally included in this study and compared after the extraction to prevent errors in

the extraction process. For the divergent study, whether or not to be included was decided

through discussion or consultation with the third author. For the lack of data in the study, con-

tact the original author as much as possible to supplement. If the author could not be reached,

then according to the impact on the study to decide whether to exclude. The Newcastle-Ottawa

Scale scoring standard was used to evaluate the quality of the included research.
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2.3 Statistical analysis

All data were analyzed with the R 4.1.2 software meta-package (version 4.9). If the study only

provided a survival curve, we referred to Jayne F Tierney’s method [14], used the Engauge Dig-

itizer 4.1 software to extract the data of the survival curve, and used the risk ratio calculation

spreadsheet provided in Jayne F Tierney’s study to analyze the extracted data, then finally got

the extracted HR and 95%CI. If the study only provided HR and P values, we calculated the

range of 95% CI referring to the method of Douglas G Altman et al. [15]. Taking the low-level

expression of mucin as a reference, the pooled HR and 95% CI of high-level expression of

mucin were calculated to compare the overall survival time (OS) of patients with high-level

and low-level expression of mucin. If HR> 1, it was considered that the high expression of

mucin family indicated that pancreatic cancer patients had a poor prognosis. If HR < 1, then

the high expression of mucin family indicated that pancreatic cancer patients had a better

prognosis. 95% CI containing 1 equaled P < 0.05. The heterogeneity of the included literature

was tested, and I2 statistics were used to evaluate the heterogeneity among the studies. It is sta-

tistically significant as P < 0.1. When I 2< 50%, it was considered that there did not have sig-

nificant heterogeneity among studies, and the fixed effect model could be used. When I 2>

50%, it was considered significant heterogeneity among studies, and the random effect model

could be used. Subgroup analysis would be carried out to search for the possible sources of het-

erogeneity. Sensitivity analysis was performed by omitting studies included one by one to esti-

mate the possible sources of heterogeneity. Funnel plot and Egger’s test were conducted to

evaluate whether this meta-analysis had publication bias. If P< 0.05, it represented that there

might exist publication bias. All the statistical tests in this study were bilateral.

3. Results

3.1 Literature retrieval results

Through extensive review and strict compliance with the inclusion and exclusion criteria, a

total of 18 studies [16–33] were included in this study (Fig 1), all of which were retrospective

non-randomized studies. Except for the studies that did not specify the number of patients

with high expression and low expression, 1643 patients were included in this study. Including

850 patients with high/positive expression of mucin and 793 patients with low/negative expres-

sion of mucin. Four subtypes of mucin family members were included in this study, including

MUC1 (8 studies), MUC4 (6 studies), MUC5 (4 studies), and MUC16 (5 studies). A total of

464 patients were examined for MUC1 expression levels, including high expression/positive in

264 cases and low expression/negative in 200 cases. A total of 427 patients were examined for

MUC4 expression levels, including high expression/positive in 160 cases and low expression/

negative in 267 cases. A total of 228 patients were examined for MUC5 expression levels,

including high expression/positive in 150 cases and low expression/negative in 78 cases. A

total of 524 patients were examined for MUC16 expression levels, including high expression/

positive in 276 cases and low expression/negative in 248 cases. The basic information extracted

and the evaluation score of the research quality are summarized in Table 1.

3.2 Overall survival risk ratio

The results of the meta-analysis showed that compared with the low expression/negative

group, the pooled HR of the high expression/positive group was 1.32(95% CI, 1.07–1.63). The

fixed effect model was used because of the slight heterogeneity in our study(I2 = 24.4%,

P = 0.14). Therefore, the result indicated that the overall expression level of the mucin family

was negatively correlated with the prognosis of patients with pancreatic cancer, which means
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Fig 1. PRISMA flow chart for the identification of the included studies.

https://doi.org/10.1371/journal.pone.0269612.g001
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that we can determine the prognosis and survival of patients by detecting the expression of

mucin in clinical work (Fig 2).

3.3 Results of subgroup analysis and sensitivity analysis

Although the heterogeneity of our study was not significant, in order to further explore the

relationship between the expression level of each subtype of mucin family and the prognosis of

patients with pancreatic cancer, we conducted subgroup analysis according to different sub-

types of mucin. The results of subgroup analysis showed that the expression levels of MUC4

(HR = 2.04,95%CI 1.21–3.45) and MUC16 (HR = 2.10,95%CI 1.31–3.37) were significantly

correlated with the prognosis of patients with pancreatic cancer, suggesting that patients with

high expression of mucin 4 and 16 often have a poor prognosis. There was no significant

Table 1. Characteristics of included studies.

study year MUC high/

positive

low/

negative

HRa 95%CI NOS region Methodb Locationc Data resource

Takikita, M. 2009 MUC1 139 15 1.6 0.9–3.0 8 USA IHC cytoplasm SEER-TMA

MUC5 99 55 1.4 1.0–2.1 8 USA IHC cytoplasm SEER-TMA

Striefler, J. K. 2021 MUC1 23 115 2.17 1.35–3.45 7 Germany IHC cytoplasm CONKO-001

Study

Sierzega, M. 2016 MUC1 NA� NA 0.60 0.28–1.27 7 Poland IHC NA clinical data

Jonckheere, N. 2020 MUC1 NA NA 4.49 1.64–12.33 7 France mRNA level cytoplasm TCGA

MUC4 NA NA 3.94 1.81–8.61 7 France mRNA level cytoplasm TCGA

MUC5B NA NA 4.38 1.76–10.9 7 France mRNA level cytoplasm TCGA

MUC16# NA NA 2.53 1.47–4.36 7 France mRNA level cytoplasm TCGA

Hinoda, Y.# 2003 MUC1 39 31 1.82 1.11–2.98 7 Japan IHC membrane or cytoplasm clinical data

Dotan, E.# 2016 MUC1 10 13 1.97 1.15–3.39 6 USA IHC cytoplasm clinical data

Sato, K.# 2018 MUC1 14 15 2.47 1.25–4.87 Japan mRNA cytoplasm clinical data

Yokoyama, S. 2016 MUC1 39 11 3.36 1.44–7.89 6 Japan DNA methylation

level

nucleus clinical data

MUC4 29 21 2.47 1.10–5.56 6 Japan DNA methylation

level

nucleus clinical data

Zhu, Y. 2011 MUC4 29 28 2.50 1.33–4.70 6 China mRNA level cytoplasm clinical data

Zhu, Y. 2014 MUC4 33 75 2.28 1.42–3.68 7 China mRNA level cytoplasm clinical data

Yang# 2014 MUC4 48 29 1.75 1.10–2.78 6 China IHC NA clinical data

Saitou, M. 2005 MUC4 21 114 1.96 1.13–3.38 6 Japan IHC Cytoplasm or

cytomembrane

clinical data

Jinfeng, M.# 2003 MUC5AC 21 12 2.47 1.17–5.23 6 Japan IHC cytoplasm clinical data

Yamasaki, H.# 2004 MUC5AC 30 11 0.53 0.2–1.41 6 Japan IHC Cytoplasm or

cytomembrane

clinical data

Streppel, M. M. 2012 MUC16 119 81 2.00 1.36–2.94 7 USA IHC cytomembrane clinical data

Shimizu, A. 2012 MUC16 41 62 1.94 1.13–3.31 7 Japan IHC membrane or cytoplasm clinical data

Liang, C. 2017 MUC16 60 50 2.39 1.52–3.77 7 China IHC cytomembrane clinical data

Fan, K.# 2018 MUC16c 56 55 1.98 1.14–3.45 8 China IHC NA clinical data

� No information about the project was provided in the study.
# The study did not provide HR or 95%CI. The HR and 95%CI were estimates.
a The HR and 95%CI of overall survival (OS) were extracted. If both univariate and multivariate analysis HR existed, multivariate analysis HR was preferred.
b It represented the detection method of mucin expression in the study. IHC referred to the immunohistochemical score to identify mucin expression and mRNA level

referred to the expression level of mucin gene in the nucleus by checking the cytoplasmic mRNA content by qt-PCR.
c It represented the localization of mucin.

https://doi.org/10.1371/journal.pone.0269612.t001
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correlation between the expression of MUC1 (HR = 1.09,95% CI 0.77–1.54) and MUC5

(HR = 1.03,95%CI 0.47–2.25) and the prognosis of patients with pancreatic cancer (Fig 3).

Since our study included several studies that did not provide HR and 95%CI directly, the

inclusion of the effect values calculated by the estimated method in the study may reduce the

study’s credibility. In order to observe the impact of the inclusion of estimates on this study,

we conducted a subgroup analysis according to whether the effect value and 95%CI were pro-

vided directly. The result of subgroup analysis showed that pancreatic cancer patients with

high/positive mucin expression still had a poor prognosis after removing the estimated study

(HR = 1.36,95%CI 1.05–1.76). Therefore, it could be considered that the study of the estimated

effect value we included did not significantly impact the results, and the original results were

still credible (Fig 4).

The changes of pooled HR and 95%CI were observed by deleting the literature one by one.

If there was no significant change in HR and 95%CI after the deletion of a study (HR and 95%

CI were still greater than 1), it indicates that the study has no significant effect on the study. A

significant change in the overall results after the deletion of a study (HR and 95%CI are equal

to or less than 1) showed that the study had a great impact on this study. The sensitivity

Fig 2. Results of the meta-analysis on pooled HR values. (A) Meta-analysis was performed by overall expression level of mucin. (B)Gray square

represented HR of the study and horizontal lines represent 95%CI. Gray diamond represented the pooled HR. (C)We chose fixed effect model because

heterogeneity was not significant in this meta-analysis (I2 = 24%, P = 0.14). Pooled HR = 1.32,95%CI 1.07–1.63.

https://doi.org/10.1371/journal.pone.0269612.g002
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Fig 3. Result of subgroup analysis (1). (A)Subgroup analysis was performed by mucin subtype. (B)muc = 1, mucin1. muc = 4, mucin4.

muc = 5, mucin5. muc = 16, mucin16. (C)MUC1: HR = 1.09,95% CI 0.77–1.54; MUC4: HR = 2.04,95%CI 1.21–3.45; MUC5:

HR = 1.03,95%CI 0.47–2.25; MUC16: HR = 2.10,95%CI 1.31–3.37.

https://doi.org/10.1371/journal.pone.0269612.g003
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analysis results suggested that excluding any study would not significantly change the pooled

HR value, and 95% CI. Pooled HR ranged from 1.47 to 1.57, and the 95% CI was always greater

than 1, suggesting that this study’s results were highly reliable (Fig 5).

3.4 Testing for publication bias

The funnel plot was used to detect the publication bias. We observed that the funnel plot was

asymmetric (Fig 6), suggesting that publication bias might exist. Egger’s test (Fig 7) proved the

Fig 4. Result of subgroup analysis (2). (A)Subgroup analysis was performed based on whether HR and 95%CI was the estimated value. (B)

estimated = 0, HR and 95%CI were provided directly. estimated = 1, HR or 95%CI were estimated. (C) estimated = 0: HR = 1.36,95%CI 1.05–1.76;

estimated = 1: HR = 1.25,95%CI 0.87–1.78.

https://doi.org/10.1371/journal.pone.0269612.g004
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possibility of publication bias (P < 0.05). Considering that the existence of publication bias

might reduce the credibility of our study and lead to instability or even reversal of the results,

we used trim and filling method to observe the effect of publication bias on this study (Fig 8).

The result of trim and filling method supplemented 9 additional studies to control publication

bias, showed that the expression level of mucin family was still related to the prognosis of

patients with pancreatic cancer (HR = 1.24,95%CI 1.01–1.52), which further proved that the

impact of publication bias on this study was not significant, and the results of our study had

high credibility.

Fig 5. Result of sensitivity analysis. (A)The changes of pooled HR and 95%CI were observed by deleting the literature one by one. Sensitivity analysis

showed the results was stable. (B) Pooled HR ranged from 1.47 to 1.57 and the 95% CI ranged from 1.11 to 2.07.

https://doi.org/10.1371/journal.pone.0269612.g005
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4. Discussion

Researchers have devoted themselves to studying the relationship between the expression level

of mucin and human tumors since the discovery of mucin. In 2017, Ryan J. King et al. con-

ducted a detailed and comprehensive study on the relationship between mucin and human

tumors. In their studies, they found that various types of mucins increased expression in

tumors through various forms (such as increased expression of mRNA, increased expression

from scratch, increased copy number and reduced methylation), indicating that there has a

link between mucin family and various types of cancer [34]. Mucin is usually divided into the

transmembrane type and secretory type, and it or its fragments can be detected in blood exam-

ination after entering the blood. It can be used as a tumor marker to assist tumor diagnosis

Fig 6. Funnel plot assess publication bias. The asymmetry on both sides of funnel plot suggested the existence of publication bias. Each point

represents a separate study for the indicated association.

https://doi.org/10.1371/journal.pone.0269612.g006
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and predict the prognosis of tumor patients (such as CA125 [35,36], CA153 [37], CA199 [38],

etc.). Many studies have shown that mucin plays an important role in diagnosing and progno-

sis of tumor diseases. However, there is no conclusion on the relationship between mucin and

the prognosis of patients with pancreatic cancer. This study analyzed the relationship between

the expression level of the mucin family and its subtypes (MUC1, MUC4, MUC5, MUC16)

and the overall survival of patients with pancreatic cancer. The results showed that the overall

expression level of mucin family and the patients with positive or high expression of MUC4

and MUC16 had a poor prognosis, indicating that mucin family can be used as a potential bio-

molecule to predict the prognosis of patients with pancreatic cancer.

The mechanism of the role of mucin in the occurrence and development of pancreatic can-

cer has not been fully elucidated. However, some of the mechanisms have been revealed after

Fig 7. Result of Egger’s test. Egger’s test proved the possibility of publication bias (P< 0.05). Each point represents a separate study for the indicated

association.

https://doi.org/10.1371/journal.pone.0269612.g007
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in-depth study. In normal cells, the promoter of the mucin gene is usually silenced because of

methylation, and the mucin gene is also in a state of low expression. In the process of tumori-

genesis, the promoter of the mucin gene will be demethylated under the action of methyltrans-

ferase DNMT1, which leads to the high expression of the mucin gene [39]. The high

expression of the mucin gene leads to the overexpression of its product mucin, which is

involved in the progression of pancreatic cancer through a series of pathways. Jonckheere, N.

et al. considered MUC4 the ErbB2 ligand and TGF- β pathway target. The MUC4-ErbB2 com-

plex can regulate the production of cell cycle inhibitor p27kip1 or cyclinD1 and play an essen-

tial role in the biological characteristics of pancreatic cancer cells and the progression of

pancreatic cancer [40]. Researchers also found that Human epidermal growth factor receptor-

Fig 8. Publication bias was corrected by trim and filling method. (A)The hollow circle on the left side was supplementary studies by trim and filling

method. (B)9 additional studies were supplemented to control publication bias, the result of which showed that the expression level of mucin family was

still related to the prognosis of patients with pancreatic cancer (HR = 1.24,95%CI 1.01–1.52).

https://doi.org/10.1371/journal.pone.0269612.g008
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2(HER2) may play an important role in the progression of pancreatic cancer promoted by

MUC4. HER2 belongs to the ErbB family of receptor tyrosine kinases, which colocalizes with

MUC4 in cell surface and cytoplasm. Silencing of MUC4 by transient or stable expression of

MUC4-targeted short-interfering RNA led to the down-regulation of HER2 with a concomi-

tant decrease in its phosphorylated form (pY1248-HER2). This reduces the ability of HER2 to

regulate proliferation and metastasis by activating downstream mitogen-activated protein

kinase (MAPK) and phosphoinositide-3-kinase/Akt pathways [41]. Bafna S. et al. have pointed

out in their studies that MUC4 can exert its anti-apoptotic function through HER2/ extracellu-

lar signal to regulate kinase-dependent phosphorylation and inactivation of pro-apoptotic pro-

tein Bad, which makes pancreatic cancer cells resistant to gemcitabine, thus promoting cell

survival [42]. Chen, S.H. et al. found that MUC16 is often over-expressed with MSLN in pan-

creatic cancer cells, which selectively induces the increase of matrix metalloproteinase

(MMP)-7 through the p38MAPK-dependent pathway, which significantly enhances the motor

and invasive ability of pancreatic cancer cells [43]. Fan, K et al. thought that the MUC16 termi-

nal (MUC16c) activates the JAK2/STAT3 pathway through IL-6 secreted by the tumor, which

promotes the expression of Foxp3 in tumor tissue and the accumulation of tumor-related

Treg, thus promoting the invasion and immune escape of pancreatic cancer [17]. Moreover,

Surendra K. Shukla et al. found that MUC16 knockdown pancreatic cancer cells had reduced

glucose uptake and lactate secretion, reduced migration and invasion potential, and restored

their original state after supplementation with lactate the final product of aerobic glycolysis.

After further study, they concluded that this process was accomplished by inhibiting the

PI3K-Akt-mTORC1 pathway [44]. These mechanisms provide further theoretical support for

the relationship between the expression level of mucin and the prognosis of patients with

pancreatic.

Paradoxically, our study did not seem to confirm this correlation though many studies sug-

gested that MUC1 was associated with pancreatic cancer progression. MUC1 is a heterodi-

meric type I transmembrane protein that is normally expressed on the luminal surfaces of

ductal epithelia. MUC1 is significantly overexpressed in tumor tissues. Although the receptor-

like function of MUC1 provides mobility and environment-dependent adhesion / anti-adhe-

sion function for cells, most of the carcinogenesis induced by MUC1 is due to its abnormal sig-

nal transduction interaction. In the case of tissue damage and loss of apical-basal polarity in

tumor cells, MUC1 loses its apical localization and interacts with other receptor tyrosine

kinases located on the base, thereby completely changing the signal transduction function of

MUC1, thereby significantly regulating transcriptional regulation and other carcinogenic

functions [45]. In Pankaj K. Singh’s study, they pointed out that the overexpression of MUC1

down-regulated the interaction between HGF-stimulated Met and conventional downstream

signal transduction, thereby inhibiting movement and invasion. P53 and MMP1 play impor-

tant roles in this process. Therefore, they scientifically proved that MUC1 was a regulator of

Met signal transduction in pancreatic adenocarcinoma cells [46]. MUC1 was also implicated

in pancreatic cancer glycolysis. MUC1 could promote the recruitment of HIF-1α and p300 on

glycolysis gene promoter in the hypoxic environments and regulate multiple metabolites inter-

mediates in glucose and amino acid metabolic pathways [47]. In addition to the study on the

carcinogenic mechanism, researchers also found that the expression of MUC1 promoted the

drug resistance of pancreatic cancer. MUC1 is involved in the vital process of HIF-1α regulat-

ing tumor glucose metabolism, leading to increased dependence of tumor cells on glucose and

the increase of corresponding pyrimidines, thereby improving the intrinsic level of dCTP. The

increase of dCTP level will reduce the effective level of gemcitabine through molecular compe-

tition [48]. In addition, MUC1 expression can also reduce radiation-induced cytotoxicity and

DNA damage in pancreatic cancer cells by enhancing glycolysis, pentose phosphate pathway,
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and nucleotide biosynthesis, thereby making tumors insensitive to radiotherapy [49]. In fact,

our findings did not contradict previous studies. Although we believed that MUC1 expression

was not associated with the prognosis of pancreatic cancer patients, we did not deny the role of

MUC1 as a potential carcinogenic factor in the development and drug resistance of pancreatic

cancer. Similarly, we did not deny the multiple links between other mucins (MUC5) and pan-

creatic cancer.

In addition to being a biomarker, more and more studies have shown that mucins play an

important role in tumorigenesis, immune escape, metastasis, and chemotherapy resistance.

Therefore, they are the targets of developing new therapies and enhancing cytotoxic drugs

[50]. As mentioned above, MUC1 can regulate glucose metabolism of pancreatic cancer

through the HIF-1alpha pathway to induce resistance to gemcitabine, and targeted therapy for

MUC1 may enhance the efficacy of gemcitabine for pancreatic cancer [48]. Researchers in the

University of Nebraska Medical Center recently found that MUC5AC, as a link between β-

catenin and c-Myc, increased glutamine uptake, which was used in pancreatic cancer cells. Co-

targeting MUC1 with gemcitabine can improve the therapeutic effect of pancreatic cancer

[51]. Therefore, mucin can be used as a biomarker to predict the prognosis of patients and as a

therapeutic target to improve the efficacy of pancreatic cancer patients.

This study proved that the expression of mucin family and its subtypes were correlated with

the prognosis of pancreatic cancer patients, and heterogeneity was not significant. There

might exist publication bias, but we prove that it could have no significant effect on the results.

Although we used estimated values to replace some included studies’ effect values, we thought

it had no significant impact on the overall results after subgroup analysis, so the overall results

were reliable. However, the shortcomings of our study could not be ignored. All the studies

included were case-control studies, and the number of cases was small, so it was difficult to

avoid selection bias and recall bias. Some of the studies used the expression effect of mucin

fragments instead of the whole mucin expression effect, which might lead to the opposite out-

come once the two have a different biological effect. Due to the lack of research data, other

mucin subtypes such as MUC2, MUC6, and MUC7and so on could not be included in the

meta-analysis. Most studies used the immunohistochemical score to evaluate the expression

level of mucin, which was somewhat subjective. Some studies reflected the expression level of

mucin by mRNA level and degree of promoter methylation, so the evaluation methods are

quite different. In addition, the localization of mucin in pancreatic cancer cells varies from

study to study. Some studies evaluated the expression level of mucin on the cell membrane,

while others evaluated it in the cytoplasm and nucleus. Therefore, the different localization of

mucin in pancreatic cancer cells might also lead to inaccurate results.

Our study is consistent with the previous study on the relationship between mucin and the

prognosis of pancreatic cancer, affirming the study on the relationship between the two and

supporting further research to explore the predictive ability of mucin of various subtypes to

the prognosis of patients with pancreatic cancer. In addition, future research should focus on

making mucin detection simpler and making mucin detection more widely used in predicting

the prognosis of pancreatic cancer patients. More studies are needed to further clarify the

mechanism of mucin in the progression of pancreatic cancer. In addition to being a biomarker

to predict the prognosis of patients with pancreatic cancer, mucin may become a new target in

treating pancreatic cancer in the future.
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