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ABSTRACT

Objectives: A subset of colon cancers originates from sessile
serrated adenomas/polyps (SSA/Ps). Our goal was to iden-
tify markers for SSA/Ps that could aid in distinguishing them
from hyperplastic polyps (HPs).

Methods: We performed immunostaining for gastric pro-
teins MUCSAC and TFF1 in formalin-fixed, paraffin-
embedded (FFPE) samples of HPs (n=47), SSA/Ps
(n=37), and normal colon (n=30).

Results: Control mucosa expressed only trace amounts of
MUCS5AC and TFF 1. HPs exhibited an 11.3- and 11.4-fold
increase in MUC5AC and TFF I expression confined to the
upper segments of the crypts near the luminal surface of the
polyps. SSA/Ps displayed on average 1.6-fold (MUCS5AC,
P <.008) and 1.4-fold (TFF1, P < .03) higher signal inten-
sity for these markers than HPs, with a dramatic coexpres-
sion of MUCS5AC and TFF1 typically occupying the entire
length of the crypt. Immunoperoxidase results were similar
to immunofluorescence staining for both MUCSAC and
TFFI.

Conclusions: Our results suggest that the analysis of ex-
pression of MUC5AC and TFF 1 may be useful for differenti-
ating SSA/Ps from HPs. We also suggest the possibility that
crypt morphology may be at least partly due to overproduc-
tion of highly viscous gastric mucins and that these proteins
may play a role in the serrated pathway to colon
carcinogenesis.

Colon cancer is the second largest cause of cancer-related
deaths in the United States.' Colonic neoplasms originate pri-
marily from colon polyps and develop via partially overlapping
but mechanistically distinct pathways that have been designated
as the adenomatous and serrated pathways. About 60% of colon
cancers are thought to originate from adenomas via “suppres-
sor” or “mutator” pathways, involving 4APC mutations in com-
bination with constitutive stimulation of RAS-RAF-MAPK
signaling due to gain-of-function mutations in BRAF or
KRAS.** Accumulating evidence indicates that most other colon
adenocarcinomas, possibly 20% to 30%, arise from a subset of
serrated polyps, designated sessile serrated adenomas/polyps
(SSA/Ps), which were previously classified as hyperplastic pol-
yps and thought to have little or no tumorigenic potential.*”’

The “serrated pathway” is believed to be responsible for
the progression of SSA/Ps to colonic adenocarcinoma.>® In
addition, SSA/Ps exhibit a high frequency of gain-of-function
mutations in the BRAF gene, ranging from 70% to 100%°">;
BRAF mutations have been implicated in a variety of cancers
due to their activation of the MAPK signaling pathway.'*

The current pathologic classification of serrated polyps
includes hyperplastic polyps (HPs), traditional serrated aden-
omas (TSAs), and SSA/Ps,*'> with the latter displaying the
strongest association with an increased risk for colon cancer.
SSA/Ps are histologically distinct from HPs. They typically
exhibit full-length serration of crypts in combination with lat-
eral dilatation or “boot”-shaped deformities at the crypt bases
as well as “reverse maturation,” or the presence of mature
goblet cells and/or foveolar-type cells at the base.®

Nevertheless, differentiating between SSA/Ps and HPs
on routine histologic examination can be challenging,
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particularly in small or fragmented samples. This has been
highlighted by a number of studies documenting the fre-
quent misclassification of SSA/Ps as HPs,'®'” resulting in
inadequate follow-up. Conversely, misclassifying an HP as
an SSA/P may result in unnecessary cancer screening in
these patients. A reliable diagnostic test that may help in
this distinction would be very useful in identifying SSA/Ps
so that appropriate follow-up and screening could be
provided to the large number of patients with serrated
polyps.

In our previous studies,'” we used RNA sequencing in
evaluating the transcriptional signature of syndromic SSA/
Ps with the purpose of identifying highly differentially ex-
pressed genes that could be candidate diagnostic markers
for SSA/Ps. A significant fraction of the genes that were
overexpressed more than 10-fold in SSA/P coded for extra-
cellular and membrane proteins involved in mucus forma-
tion and maintenance. Interestingly, the transcriptional
signature of SSA/Ps included genes that are abundantly ex-
pressed in gastric epithelium, such as MUC5AC and TFF1,
but not normally expressed in colonic mucosa. In the present
study, we evaluated the expression of MUCS5AC and TFF1
by immunofluorescence and immunoperoxidase staining of
SSA/Ps and HPs to determine their possible suitability as
diagnostic markers for SSA/Ps.

Materials and Methods

Samples and Pathologic Examination

A total of 37 SSA/Ps, 46 HPs (41 microvesicular and
five goblet cell), and 30 normal colons were retrieved from
the archives of the University of Arkansas for Medical
Sciences and Central Arkansas Veteran Healthcare Center
System. All specimens were biopsy samples obtained by
colonoscopy and were formalin-fixed and paraffin
embedded (FFPE). All specimens were reviewed and the
diagnoses confirmed by two pathologists with expertise in
gastrointestinal (GI) pathology (K.K.L. and L.W.L.).
Because this is the initial study in determining the utility of
these markers, we limited our analysis to morphologically
unequivocal®'® HPs from the left colon and SSA/Ps from
the right (splenic flexure to cecum) colon.

Immunofluorescence and Immunohistochemistry
Antibodies for MUCSAC (cat. MA512178) and TFF1
(cat. PA128875) were purchased from Fisher Scientific
(Hanover Park, IL). For immunofluorescence staining,
4-um sections of FFPE were mounted on positively
charged Superfrost/Plus slides (ThermoFisher Scientific,
Grand Island, NY). Sections were deparaffinized with
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xylene and rehydrated using graded series of alcohol to
phosphate-buffered saline (PBS). Antigen retrieval was
performed by incubating slides in 10 mM citrate buffer (pH
6.0) in a water bath at 95 °C for 30 minutes, followed by in-
cubation at room temperature (RT) for another 30 minutes.
Tissue sections were treated with blocking buffer (1% bo-
vine serum albumin [BSA], 0.012% saponin in PBS) for
30 minutes, incubated with primary antibodies (1:100 dilu-
tion in blocking buffer) for 2 hours at RT in a humidity
chamber, and washed in PBS-PBS with 0.5% Tween-20
(PBST)-PBST (10 minutes each). Immunofluorescence
analysis samples were incubated with the appropriate
DyLight-conjugated secondary antibody (Molecular
Probes, Grand Island, NY) at dilutions of 1:1,000 for 1
hour at 37°C in a humidity chamber following the manu-
facturer’s recommendations. After three consecutive 10-
minute washes with PBS, PBST and PBS coverslips were
mounted using Prolong Diamond antifade mountant with
4’ 6-diamidino-2-phenylindole (Molecular Probes) and
imaged by fluorescent microscopy. For peroxidase immu-
nohistochemistry (IHC) analysis, deparaffinized 4-pum sec-
tions were preincubated with a 2.5% normal horse serum
blocking solution (cat. S-2012; Vector Laboratories,
Burlingame, CA) for 30 minutes at RT and incubated with
primary antibodies for 1 hour at RT. Samples were washed
with PBS and PBS with 1% Tween 20. Peroxidase immu-
nostaining was performed, after treatment with BLOXALL
(Vector Laboratories) endogenous peroxidase blocking so-
lution, wusing the ImmPRESS polymer system and
ImmPACT DAB substrate (Vector Laboratories) per the
manufacturer’s instructions. Controls included no primary
antibody.

Image Analysis

Immunofluorescence image analysis was performed
using ImagelJ software (National Institutes of Health,
Bethesda, MD). The mean intensities of signals on RGB
split images corrected for background were measured in
at least three representative crypts per sample and aver-
aged. To quantify the number of cells with sufficient
colocalization, we used a program, “Intensity Correlation
Analysis,” located within the colocalization plugins for
Imagel, to generate gradient intensive images. The num-
ber of cells was counted from each subsequent image:
MUCSAC (green), TFF1 (red), and colocalization (yel-
low). The coexpression was determined as a percentage
of cells with colocalized signals for MUCS5AC and TFFI.
In addition to software-based analysis, expression and
colocalization were scored by two GI pathologists
(K.K.L. and H.E.G., reviewed by L.W.L.) based on the
percentage of serrated crypt cells staining (0, none;
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MUCS5AC

H DAPI/H&E

TFF1 Merge

DAPI/H&E MUC5AC

TFF1 Merge

EImage 10 Expression of MUCS5AC and TFF1 in normal colon (A), hyperplastic polyps (HPs) (B), and sessile serrated adenomas/
polyps (SSA/Ps) (€C) (x10). Immunofluorescence and immunoperoxidase staining of the same region is shown for representa-
tive control (normal), HP, and SSA/P samples. As expected, the signals for gastric proteins MUCB5AC and TFF1 were negligible
in normal colonic mucosa. MUCBAC and TFF1 immunopositive cells were present in HPs. In SSA/Ps, MUCBAC and TFF1 were
typically expressed by most of the epithelial cells along the entire length of architecturally compromised crypts. SSA/Ps, com-
pared with HPs, also showed significant coexpression of both MUC5AC and TFF1 in merged immunofluorescence analyses.

1, 1%-25%; 2, 26%-50%; 3, 51%-75%; 4, >76%) and in-
tensity of staining (0-4).

Statistical Analysis

Data are presented as mean = SD. The statistical ana-
lysis was performed with SPSS 11.5 software (SPSS,
Chicago, IL). Multiple comparisons were analyzed by one-
way analysis of variance (ANOVA). A P value less than .05
was considered significant.
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Results

MUCSAC and TFF1 Expression in HPs and SSA/Ps

With the exception of rare epithelial cells located near
the luminal surface that expressed TFF1 or MUCS5AC
Ilmage 1K, all 30 normal colon controls had negligible
staining for MUCS5AC and TFF1. This is in agreement with
prior RNA sequencing gene expression studies that did not
show expression of these proteins in the normal colon.'?
In contrast, HPs exhibited immunopositivity for both
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IFigure 10 Bar graphs illustrating the differences in immuno-
fluorescence signal intensities for MUCB5AC and TFF1 in nor-
mal colon, hyperplastic polyps, and sessile serrated
adenomas/polyps. The images were scored by experienced
gastrointestinal pathologists (K.K.L. and H.E.G.) based on

the percentage of serrated crypt cells with immunostaining
(0, none; 1, 1%-25%; 2, 26%-50%; 3, 51%-75%; 4, >76%)
and intensity of staining (0-4). *P < .02, two-tailed.

MUCSAC and TFF1 (11.3-fold vs control, P < 10® and
11.4-fold vs control, P<107°, respectively; see Image
Analysis) (Image 1 and BFigure 10). No major difference
was observed between the staining patterns of goblet cell
(n=>5) and microvesicular (n =41) HPs. SSA/Ps displayed
the highest expression of MUCS5AC and TFF1 by immu-
nostaining (17.5-fold vs control, P < 10~° for MUC5AC
and 16.3-fold vs control, P < 10~ for TFF1), which often
involved the entire length of the crypt, including the base.
The differences in staining between SSA/Ps and HPs for
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both proteins were statistically significant (P <.008 for
MUCSAC and P<.03 for TFFI). Immunoperoxidase
staining of MUCS5SAC and TFFl in SSA/Ps and HPs
showed similar results to immunofluorescence staining
(Image 1).

Compared With HPs, SSA/Ps Exhibit Stronger
Colocalization of MUCS5AC and TFF1

In terms of colocalized immunostaining for MUC5AC
and TFF1, HPs showed heterogeneous staining with a
range of phenotypes Illmage 2Al. Most HPs showed some
cells with colocalization of MUCSAC and TFF1 (Image
2A, top two rows), with two exceptions of 46 HPs analyzed
showing more colocalization (Image 2A, bottom row). In
contrast, SSA/Ps almost uniformly demonstrated strong,
intense colocalization of MUC5AC and TFF1 immunos-
taining Blmage 2BN. Based on scoring by GI pathologists
(see Materials and Methods), the degree of colocalization
of MUCSAC and TFF1 reached roughly 25% in HPs,
whereas colocalization in SSA/P samples approached 57%
(P <.008) (Figure 1). Regardless of the degree of colocal-
ization, the expressions of MUCS5AC and TFF1 signifi-
cantly correlated (> =0.48, P =.0007).

Discussion

Due to the inherent difficulties in distinguishing be-
tween HPs and SSP/As that are encountered in the routine
practice of pathology, identifying clinically applicable bio-
markers that distinguish between SSA/Ps and HPs has been
an area of ongoing research for some time. In this study, we
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MUCS5AC TFF1

MUCS5AC

IImage 20 Representative examples of colocalization of MUC5AC and TFF1 in different hyperplastic polyps (HPs) (A) and ses-
sile serrated adenomas/polyps (SSA/Ps) (B) (x20). Compared with HPs, most SSA/P samples showed significant colocalization
often approaching 100%. HPs also exhibited greater variability in the distribution and colocalization of signals. Expression of
MUCS5AC and TFF1 was generally observed in separate cells with little colocalization. Two of 46 HPs analyzed demonstrated
more coexpression of MUCBAC and TFF1 suggestive of but not identical to SSA/Ps (A, bottom row).
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have shown that MUCSAC and TFF1, genes commonly
expressed in gastric mucosa, are found in both HPs and
SSA/Ps but differ in their distribution and coexpression.
Although additional larger studies are needed, the different
expression properties of MUCSAC and TFF1 in SSA/Ps and
HPs may serve as clinically useful diagnostic criteria.

MUCSAC belongs to a family of secreted mucins found
primarily in the mucosa of the respiratory tract, stomach,
and reproductive organs.'® Deregulation of MUCS5AC is
implicated in a number of nonneoplastic diseases, including
cystic fibrosis,'” chronic obstructive pulmonary disease,””
asthma,?' inflammatory bowel disease,”* and a variety of
cancers.”>*** Notably, the appearance of MUC5AC in epi-
thelial cells that do not normally produce and secrete
MUCS5AC is a common hallmark of malignant progression.
Neoplasms originating from a wide variety of epithelial tis-
sues, including colon, overexpress MUCS5AC, yet there is
little or no expression in the corresponding normal tissue.?

Trefoil factors are a three-member family of small se-
creted proteins involved in the repair of mucosal damage
due to their ability to inhibit apoptosis and stimulate cell mi-
gration, proliferation, and angiogenesis.”®*’ Similar to
MUCSAC, TFF1 is primarily expressed in gastric mucosa.”®
Individual trefoil factors have been also noted to preferen-
tially interact with specific mucins, and TFF1 has been
shown to coexpress with MUCS5AC in gastric epithelium.?’
Depending on the location and other factors, TFF1 may act
as either a tumor suppressor or pro-oncogene. In gastric mu-
cosa, which is characterized by high basal expression of
TFF1, malignant progression is associated with its loss, in
part, due to hypermethylation.*>*' Conversely, TFF1 ex-
pression is increased in premalignant lesions of the breast
and pancreas.’”

MUCSAC and TFF1 exemplify the double-edged nature
of mucosal defense-repair mechanisms. Both proteins are part
of signaling pathways associated with tissue repair and car-
cinogenesis. As a part of the chromosome 11p15 cluster of se-
creted mucins, MUCS5AC can be transcriptionally stimulated
in parallel with MUC2, MUCS5B, and MUC6.>* The mechan-
isms of upregulation of MUCS5AC in cancers include promoter
hypomethylation, inflammatory interleukins, TGFB/Smad4,
HIFlo, COX2, and GLI1.*** TFF1 has been shown to be
regulated by GATAG in the colon®® and is a target gene for es-
trogen receptor—mediated signaling in mammary epithelium.*'
There is also a significant overlap in the regulation of
MUCSAC and TFF1. Transcription of both MUC5AC and
TFF1 is also modulated by MAPK signaling, which is acti-
vated by extracellular signals such as growth factors and in-
flammatory cytokines.**** Proposed cancer progression roles
for MUCSAC in adenocarcinoma include overexpression of
MUCSAC in intercellular junctions that interfere with the
membrane localization of E-cadherin, compromise cell-cell
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adhesion, and increase migration and invasion of pancreatic
ductal adenocarcinoma cells.*’ MUC5AC may also promote
carcinogenesis by shielding cells from immune surveillance.**
Forced expression of TFF1 in colonic adenoma cells provokes
anchorage-independent growth and increased growth of xeno-
grafts.** Similarly, overexpression of TFF1 stimulates motility
or metastasis of human pancreatic stellate or carcinoma cells.*?
Some of these effects may be attributed to TFF1-mediated
transcriptional inhibition of E-cadherin.*® Another possible
mechanism involves transactivation of epidermal growth fac-
tor receptors.47

The present study revealed significant differences in
expression of MUCSAC and TFF1 in SSA/Ps and HPs. Our
data corroborate previously reported observations on aber-
rant overexpression of these proteins in serrated colonic pol-
yps.*2! In previous studies, however, hyperplastic polyps
were not yet differentiated according to modern classifica-
tion,”®* or the analysis did not focus on potential use of
gastric proteins as diagnostic markers of SSA/Ps.**! We
observed a significant increase in not only the intensity of
immunostaining but also the percentage of cells expressing
MUCSAC and TFF1 in SSA/Ps.

A recent study of 722 colorectal carcinomas determined
that protein expression of MUC5AC, MUC2, and MUC6 was
strongly associated with CIMP, V600E BRAF mutations,
poor differentiation, and increased T stage and inversely
associated with p53 expression.>> Based on both the literature
and daily clinical practice, pathologists are aware that many
serrated polyps cannot be reliably classified based on morph-
ology alone, which in turn affects the clinician’s ability to as-
sign appropriate follow-up to many patients with serrated
polyps.'®'” Our findings suggest that TFF1 and MUC5AC
are capable of distinguishing potentially tumorigenic polyps
within the serrated polyp and could aid in the distinction be-
tween SSA/P and HP in histologically suboptimal samples.

Corresponding author: Curt H. Hagedorn, MD, Central Arkansas
Veterans Healthcare System, 111/LR, 4300 W 7th St, Little Rock,
AR 72205, chhagedorn@uams.edu.

This work was supported by the National Institutes of Health
(CA176130 to C.H.H).

References

1. US Cancer Statistics Working Group. United States Cancer
Statistics: 1999-2011 Incidence and Mortality Web-Based
Report. Atlanta, GA: US Department of Health and Human
Services, Centers for Disease Control and Prevention, and
National Cancer Institute; 2014.

2. Leggett B, Whitehall V. Role of the serrated pathway in colo-

rectal cancer pathogenesis. Gastroenterology.
2010;138:2088-2100.

Am J Clin Pathol 2016;146:530-537 535
DOI: 10.1093/ajcp/aqw142


Deleted Text: ,
Deleted Text: ,
Deleted Text: -
Deleted Text: -
Deleted Text: as well as
Deleted Text: 3
Deleted Text: -
Deleted Text: s
Deleted Text: -
Deleted Text: ,
Deleted Text: <sup>44</sup> 
Deleted Text: <sup>45</sup> 
Deleted Text:  
Deleted Text: <sup>46</sup> 
Deleted Text: d
Deleted Text: <sup>47</sup> 
Deleted Text: <sup>48</sup>
Deleted Text: <sup>2</sup>
Deleted Text: either 
Deleted Text: <sup>50</sup>
Deleted Text: <sup>2</sup>
Deleted Text:  in
Deleted Text: <sup>53</sup> 
Deleted Text: ,

Khaidakov et al /| MARKERS FOR SESSILE SERRATED POLYPS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Snover DC. Update on the serrated pathway to colorectal

carcinoma. Hum Pathol. 2011;42:1-10.

. Torlakovic E, Skovlund E, Snover DC, et al. Morphologic re-

appraisal of serrated colorectal polyps. Am J Surg Pathol.
2003;27:65-81.

. Makinen M]J. Colorectal serrated adenocarcinoma.

Histopathology. 2007;50:131-150.

. O’Brien M]. Hyperplastic and serrated polyps of the colorec-

tum. Gastroenterol Clin North Am. 2007;36:947-968.

. O’Brien M], Zhao Q, Yang S. Colorectal serrated pathway

cancers and precursors. Histopathology. 2015;66:49-65.

. Rex DK, Ahnen DJ, Baron JA, et al. Serrated lesions of the

colorectum: review and recommendations from an expert

panel. Am J Gastroenterol. 2012;107:1315-1329.

. O’'Brien M], Yang S, Mack C, et al. Comparison of

microsatellite instability, CpG island methylation pheno-
type, BRAF and KRAS status in serrated polyps and trad-
itional adenomas indicates separate pathways to distinct
colorectal carcinoma end points. Am J Surg Pathol.

2006;30:1491-1501.

Kim KM, Lee EJ, Ha S, et al. Molecular features of colorectal
hyperplastic polyps and sessile serrated adenoma/polyps from
Korea. AmJ Surg Pathol. 2011;35:1274-1286.

Mesteri I, Bayer G, Meyer ], et al. Improved molecular classi-
fication of serrated lesions of the colon by immunohisto-
chemical detection of BRAF V60OE. Mod Pathol.
2014;27:135-144.

Spring KJ, Zhao ZZ, Karamatic R, et al. High prevalence of
sessile serrated adenomas with BRAF mutations: a prospect-

ive study of patients undergoing colonoscopy.
Gastroenterology. 2006;131:1400-1407.

Delker DA, McGettigan BM, Kanth P, et al. RNA sequenc-
ing of sessile serrated colon polyps identifies differentially ex-
pressed genes and immunohistochemical markers. PLoS One.

2014;9:e88367.

Burotto M, Chiou VL, Lee JM, et al. The MAPK pathway
across different malignancies: a new perspective. Cancer.

2014;120:3446-3456.

Snover DC, Jass JR, Fenoglio-Preiser C, et al. Serrated polyps of
the large intestine: a morphologic and molecular review of an
evolving concept. Am J Clin Pathol. 2005;124:380-391.

Wong NA, Hunt LP, Novelli MR, et al. Observer agreement
in the diagnosis of serrated polyps of the large bowel.
Histopathology. 2009;55:63-66.

Khalid O, Radaideh S, Cummings OW, et al.
Reinterpretation of histology of proximal colon polyps called
hyperplastic in 2001. World ] Gastroenterol.
2009;15:3767-3770.

Seregni E, Botti C, Massaron S, et al. Structure, function and
gene expression of epithelial mucins. Tumori. 1997;83:625-632.

Henke MO, John G, Germann M, et al. MUC5AC and
MUCS5B mucins increase in cystic fibrosis airway secretions
during pulmonary exacerbation. Am J Respir Crit Care Med.
2007;175:816-821.

MaR, Wang Y, Cheng G, et al. MUC5AC expression upre-
gulation goblet cell hyperplasia in the airway of patients with
chronic obstructive pulmonary disease. Chin Med Sci ]J.
2005;20:181-184.

Evans CM, Raclawska DS, Ttofali F, et al. The polymeric
mucin Muc5ac is required for allergic airway hyperreactivity.

Nat Commun. 2015;6:6281.

8536 AmJ Clin Pathol 2016;146:530-537

DOI: 10.1093/ajcp/aqw142

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Shaoul R, Okada Y, Cutz E, et al. Colonic expression of
MUC2, MUC5AC, and TFF1 in inflammatory bowel dis-
ease in children. J Pediatr Gastroenterol Nutr.

2004;38:488-493.

Lau SK, Weiss LM, Chu PG. Differential expression of
MUCI, MUC2, and MUC5AC in carcinomas of various
sites: an immunohistochemical study. Am ] Clin Pathol.

2004;122:61-69.

Yonezawa S, Higashi M, Yamada N, et al. Mucins in human
neoplasms: clinical pathology, gene expression and diagnos-

tic application. Pathol Int. 2011;61:697-716.

Uhlén M, Fagerberg L, Hallstrom BM, et al. Proteomics: tis-
sue-based map of the human proteome. Science.

2015;347:1260419.

Kinoshita K, Taupin DR, Itoh H, et al. Distinct pathways of
cell migration and antiapoptotic response to epithelial in-
jury: structure-function analysis of human intestinal trefoil

factor. Mol Cell Biol. 2000;20:4680-4690.

Aamann L, Vestergaard EM, Gronbak H. Trefoil factors in
inflammatory bowel disease. World ] Gastroenterol.

2014;20:3223-3230.
Rio MC, Bellocq JP, Daniel JY, et al. Breast cancer-

associated pS2 protein: synthesis and secretion by normal

stomach mucosa. Science. 1988;241:705-708.

Longman RJ, Douthwaite J, Sylvester PA, et al. Coordinated
localisation of mucins and trefoil peptides in the ulcer associ-
ated cell lineage and the gastrointestinal mucosa. Gut.
2000;47:792-800.

Im S, Yoo C, Jung JH, et al. Reduced expression of TFF1 and
increased expression of TFF3 in gastric cancer: correlation
with clinicopathological parameters and prognosis. Int ] Med
Sei. 2013;10:133-140.

Feng G, Zhang Y, Yuan H, et al. DNA methylation of trefoil
factor 1 (TFF1) is associated with the tumorigenesis of gastric
carcinoma. Mol Med Rep. 2014;9:109-117.

Arumugam T, Brandt W, Ramachandran V, et al.
Trefoil factor 1 stimulates both pancreatic cancer and stel-

late cells and increases metastasis. Pancreas. 2011;40:
815-822.

Van Seuningen I, Pigny P, Perrais M, et al. Transcriptional
regulation of the 11p15 mucin genes towards new biological
tools in human therapy, in inflammatory diseases and cancer?
Front Biosci. 2001;6:1216-1234.

Renaud F, Vincent A, Mariette C, et al. MUC5AC hypome-
thylation is a predictor of microsatellite instability independ-
ently of clinical factors associated with colorectal cancer. Int

J Cancer. 2015;136:2811-2821.

Chen Y, Garvin LM, Nickola TJ, et al. IL-18 induction of
MUCS5AC gene expression is mediated by CREB and NF-xB
and repressed by dexamethasone. Am J Physiol Lung Cell Mol
Physiol. 2014;306:L797-1L807.

Jonckheere N, Van Der Sluis M, Velghe A, et al.
Transcriptional activation of the murine Muc5ac mucin
gene in epithelial cancer cells by TGF-beta/Smad4 signal-

ling pathway is potentiated by Sp1. Biochem J.
2004;377:797-808.

Young HWJ, Williams OW, Chandra D, et al. Central role
of Muc5ac expression in mucous metaplasia and its regula-
tion by conserved 5 elements. Am ] Resp Cell Mol Biol.
2007;37:273-290.

© American Saciety for Clinical Pathology



38.

39.

40.

41.

42.

43.

4.

45.

46.

Park ET, Gum JR, Kakar S, et al. Aberrant expression of
SOX2 upregulates MUC5AC gastric foveolar mucin in mu-

cinous cancers of the colorectum and related lesions. Int ]
Cancer. 2008;122:1253-1260.

Inaguma S, Kasai K, Ikeda H. GLI1 facilitates the migration
and invasion of pancreatic cancer cells through MUC5AC-
mediated attenuation of E-cadherin. Oncogene.

2011;30:714-723.

Al-azzeh ED, Fegert P, Blin N, et al. Transcription factor
GATA-6 activates expression of gastroprotective trefoil genes
TFF1 and TFF2. Biochim Biophys Acta. 2000;1490:324-332.

Sun JM1, Spencer VA, Li L, et al. Estrogen regulation of tref-
oil factor 1 expression by estrogen receptor alpha and Sp pro-

teins. Exp Cell Res. 2005;302:96-107.

Shin IS, Park JW, Shin NR, et al. Melatonin inhibits
MUCS5AC production via suppression of MAPK signaling
in human airway epithelial cells. J Pineal Res. 2014;56:398-407.

Khan P, Drobic B, Perez-Cadahia B, et al. Mitogen- and
stress-activated protein kinases 1 and 2 are required for max-

imal trefoil factor 1 induction. PLoS One. 2013;8:e63189.

Hoshi H, Sawada T, Uchida M, et al. Tumor-associated
MUC5AC stimulates in vivo tumorigenicity of human pan-
creatic cancer. Int ] Oncol. 2011;38:619-627.

Rodrigues S, Rodrigue CM, Attoub S, et al. Induction of the
adenoma-carcinoma progression and Cdc25A-B phosphat-

ases by the trefoil factor TFF1 in human colon epithelial
cells. Oncogene. 2006;25:6628-6636.

Bougen NM, Amiry N, Yuan Y, et al. Trefoil factor 1
suppression of EECADHERIN enhances prostate carcinoma

cell invasiveness and metastasis. Cancer Lett. 2013;332:
19-29.

© American Society for Clinical Pathology

47.

48.

49.

50.

51.

52.

AJCP | ORIGINAL ARTICLE

Rodrigues S, Attoub S, Nguyen QD, et al. Selective abroga-
tion of the proinvasive activity of the trefoil peptides pS2
and spasmolytic polypeptide by disruption of the EGF recep-
tor signaling pathways in kidney and colonic cancer cells.
Oncogene. 2003;22:4488-44917.

Bartman AE, Sanderson SJ, Ewing SL, et al. Aberrant expres-
sion of MUC5AC and MUCG gastric mucin genes in colo-
rectal polyps. Int ] Cancer. 1999;80:210-218.
Biemer-Huttmann AE, Walsh MD, McGuckin MA, et al.
Immunohistochemical staining patterns of MUCI,
MUC2, MUCH4, and MUC5AC mucins in hyperplastic
polyps, serrated adenomas, and traditional adenomas of
the colorectum. ] Histochem Cytochem.

1999;47:1039-1048.

Percinel S, Savas B, Ensari A, et al. Mucins in the colo-
rectal neoplastic spectrum with reference to conventional
and serrated adenomas. Turk J Gastroenterol.

2007;18:230-238.

Mochizuka A, Uehara T, Nakamura T, et al. Hyperplastic
polyps and sessile serrated ‘adenomas’ of the colon and rec-
tum display gastric pyloric differentiation. Histochem Cell
Biol. 2007;128:445-455.

Walsh MD, Clendenning M, Williamson E, et al.
Expression of MUC2, MUC5AC, MUC5B, and MUC6
mucins in colorectal cancers and their association with
the CpG island methylator phenotype. Mod Pathol.
2013;26:1642-1656.

Am J Clin Pathol 2016;146:530-537 537
DOI: 10.1093/ajcp/aqw142



