
Abstract. The serine proteinase inhibitor maspin is a
tumor-suppressor protein that stimulates apoptosis and
inhibits motility, invasion and cancer metastasis. Mutant
maspin galvanises partial loss of tumor-suppressor function,
reducing susceptibility to apoptosis and facilitating
malignant progression. Mutant maspin has been reported in
many tumor types. We recently analyzed maspin expression
in 128 colorectal lesions: 39 hyperplastic polyps (HPs), 29
sessile serrated adenoma/polyps (SSA/Ps), three traditional
serrated adenomas (TSAs), 20 conventional colorectal
adenomas (CCRAs), 5 carcinomas evolving from CCRA, 12
active inflammatory bowel disease (IBD), 2 ulcerative colitis
(UC) in remission, 4 solitary ulcers (rectum) and 12 normal
colorectal mucosa. The topographic distribution of maspin
in the cytoplasm was classified into i) extensive, ii) focal, or
iii) negative. The intensity of maspin expression in the
cytoplasm was classified into i) unquestionable or ii)
negative. Cases with faint (questionable) maspin expression
were also recorded as negative. Extensive maspin expression
was recorded in 95% (39/41) of the HPs, in 100% (29/29) of
the SSA/Ps (including one carcinoma arising in a SSA/P), in
66% (2/3) of the TSAs, but only in 10% (2/20) of the CCRAs.
None of the specimens with carcinoma arising in CCRA, with
UC in remission or with solitary ulcer exhibited extensive
maspin expression. Importantly, maspin was not expressed in
the normal mucosa (including that adjacent to HP, SSA/P,
TSA and CCRA). It is submitted that extensive maspin
expression might be a manifestation of mutant maspin in
lesions central to the serrated pathway of colorectal
carcinogenesis. 

Colorectal carcinoma, the third most commonly diagnosed
type of cancer in Europe and in the USA (1) usually evolves
via the adenomatous polyposis coli (APC) pathway along the
conventional adenoma–carcinoma sequence. Conventional
colorectal adenomas exhibit tubular or villous structures
either with low- or high-grade dysplasia (2, 3), progressive
accumulation of KRAS mutations and chromosomal
instability (3). In this paradigm, hyperplastic polyps are
considered innocuous. 

Most recently, the serrated pathway of colorectal
carcinogenesis has been widely accepted (4, 5). In this model,
hyperplastic polyps (HPs), sessile serrated adenoma/polyps
(SSA/Ps) and traditional serrated adenomas (TSAs) are
regarded as early histological precursors of serrated
carcinomas. The main molecular aberrations found in SSA/Ps
are BRAF mutations and DNA methylation, leading to the
CpG island methylator phenotype, microsatellite instability
and loss of DNA mismatch-repair proteins, particularly MutL
homolog 1, colon cancer, nonpolyposis type 2 (E. coli),
known as MLH1, and postmeiotic segregation increased 2 (S.
cerevisiae), known as PMS2 (6-8). It has been claimed that
progression to colonic cancer through this pathway occurs at
a faster rate than via the conventional adenoma–carcinoma
pathway (7). The serrated pathway accounts for
approximately 15-30% of all colorectal carcinomas (9-11). 

Maspin, a 42-kDa serine proteinase inhibitor, is a tumor-
suppressor protein that stimulates apoptosis and inhibits
motility, invasion and cancer metastasis. It was first
identified in human breast carcinoma (12) and subsequently
in pancreatic (13) and lung (14) cancer, in soft tissue tumors
(15), and in colorectal adenomas and carcinomas (16, 17).
More recently, Payne et al. found maspin expression in the
luminal cells of HP/adenomatous polyps, in high-grade
tumors and in the colonic tissue from a patient with
ulcerative colitis having adenocarcinoma (18). 

While studying sub-epithelial myofibroblasts in serrated
colorectal polyps (19) with the aid of maspin, α-smooth
muscle actin, vimentin, and cyclo-oxygenase-1 and -2
enzymes, we noticed that the cytoplasm of serrated
colorectal polyps expressed maspin while the normal mucosa
remained unstained (20). For the present study, consecutive
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colorectal biopsies diagnosed with colorectal HP, SSA/P and
TSA filed at this Department were immunostained for
maspin. The results were compared against those found in
conventional colorectal adenomas, in colorectal carcinomas,
and in normal colorectal mucosa. 

Materials and Methods

Sections from 193 colorectal biopsies were investigated: 39 HPI,
29 SSA/Ps, three TSAs, 20 conventional colorectal adenomas,
five adenocarcinomas evolving from conventional adenomas, 12
with active inflammatory bowel disease (IBD), two with
ulcerative colitis in remission, four solitary ulcers (rectum), and
12 with normal colorectal mucosa (normal donors). In addition,
the normal colorectal mucosa adjacent to 65 lesions (25 HPs, 22
SSA/Ps, one TSA, and 17 conventional adenomas) was
investigated. 

Following the WHO guidelines (21), lesions were classified into
HP, SSA/P, TSA. 

Immunohistochemistry. Diagnostic blocks were cut at 4 μm, stained
with hematoxylin and eosin and immunostained with anti-maspin
(H-130 conjugate): sc22762, dilution 1:100 (Santa Cruz
Biotechnology, inc. Carpinteria, CA, USA). The preparations were
incubated for 30 min on a Leica Bond MAX instrument (Leica
Microsystems, Kista, Sweden). A section without primary antibody
(negative control) was included in each preparation. The
topographic distribution of maspin expression in the cytoplasm was
classified into: i) extensive (i.e. present in the entire thickness and
length of the lesion), ii) focal (i.e. present in one or more 'hot
spots'), and iii) negative. 

The intensity of expression was semi-quantitatively classified into:
i) unquestionable, and ii) negative. Cases with faint (questionable)
expression were also recorded as negative. 

Statistical analysis. The non-parametric Mann–Whitney test was
used to assess difference between groups. Statistical significance
was set at a value of p<0.05).
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Table I. Results of 193 colorectal biopsies immunostained with anti-
maspin, showing extensive maspin expression (n=76), focal maspin
expression (n=31), or no maspin expression (n=86).

Extensive Focal No maspin Total
maspin maspin expression

expression expression

HP 39 2 0 41
SSA/Ps 29 0 0 29
TSA 2 1 0 3
CCRA 2 18 0 20
Cancer in CCRA 0 2 3 5
Active IBD 4 8 0 12
UC in remission 0 0 2 2
Solitary ulcer 0 0 4 4
Normal mucosa 0 0 12 12
Normal mucosa adjacent to* 0 0 65 65
ALL 76 31 86 193

HP: Hyperplastc polyps, SSA/Ps: sessile serrated adenomas/polyps,
TSA: traditional serrated adenomas, CCRA: conventional colorectal
adenomas, IBD: Inflammatory bowel disease, UC: ulcerative colitis, *25
HP, 22 SSA/P, one TSA, and 17 conventional adenomas.

Figure 1. Left panel: Hyperplastic colonic polyp, showing extensive maspin expression (between arrowheads); note unstained adjacent normal
mucosa (×4). Right panel: Detail of the hyperplastic colonic polyp (×10). Maspin immunostain.



Results
Extensive maspin expression. Results in Table I show that
extensive maspin expression was recorded in 95% (39/41) of
the HPs (Figure 1), in 100% (29/29) of the SSA/Ps (Figure
2), in two out of three of the TSAs (Figure 3), but only in
10% (2/20) of the CCRAs. In addition, 33% (4/12) of the
biopsies with active IBD exhibited extensive maspin
expression. In contrast, maspin was not expressed in invasive
carcinomas arising from CCRA (0/5), in specimens with UC
in remission (n=2) or solitary ulcer (0/4). The difference
between extensive maspin expression in HP/SSA-P/TSA vs.
CCRA/invasive carcinomas arising from CCRA/ulcerative
colitis in remission/solitary ulcers was significant (p<0.05).

Focal maspin expression. Table I also shows that focal
maspin expression was recorded in 5% (2/41) of the HPs, in
one out of three of the TSAs, in 90% (18/20) of the CCRAs
(Figure 4a), in two out of five of the invasive carcinomas
evolving from CCRA and in 67% (8/12) of the cases with
active IBD. None of the 29 SSA/Ps, ulcerative colitis in
remission (0/2), or solitary ulcer (0/4), exhibited focal
maspin expression.

Negative maspin expression. Negative maspin expression was
found in three out of the five carcinomas evolving from

CCRA (Figure 4b), and in all specimens with ulcerative
colitis in remission (2/2), or with solitary ulcer (4/4).
Importantly, maspin was not expressed in normal colorectal
mucosa, including the normal mucosa adjacent to HP, SSA/P,
TSA, and CCRA (72/72) (Table I).
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Figure 2. Sessile serrated, adenomas/polyps (SSA/Ps). Upper panel: Low-power view of two SSA/Ps showing extensive maspin expression; note
adjacent maspin-negative normal mucosa (at arrows). Section scanned on an Epson Perfection 4990; the mm scale discloses the actual size of the
lesion. Lower panel: Detail showing distorted crypts at the base of SSA/Ps with extensive maspin expression (maspin immunostain, ×20).

Figure 3. Left panel: Traditional serrated adenoma showing extensive
maspin expression (maspin immunostain, ×4). Right panel: Detail to
demonstrate extensive maspin expression in the microtubules or ectopic
crypt formations (maspin immunostain, ×10).



Discussion

The results of the present study indicate that the majority of
the colorectal serrated lesions (HP, SSA/P and TSA)
displayed extensive maspin expression. In CCRA, maspin
was often focally distributed. Although the reason for the
latter setting remains elusive, possible alternative explanations
might be: i) that maspin was not expressed in certain
neoplastic areas, or ii) that it was expensed but in very low
amounts, thereby evading detection by the immunostain. 

In CCRA and in adenocarcinomas arising in CCRA,
occasional crypts with no apparent neoplastic histological
changes expressed maspin (Figure 4a and b). The cause of
this paradoxical phenomenon remains poorly understood. 

The only invasive carcinoma evolving from SSA/P in this
series exhibited extensive maspin expression (Figure 4d).
Whether this phenomenon is fortuitous or is a common
phenomenon present in invasive carcinomas evolving from
SSA/P is difficult to assess, considering that only 64 cases
of invasive carcinomas evolving from SSA/P have been
published in the literature (22-36). 

Paradoxically, extensive maspin expression was found in
33% of the biopsies with active IBD. These results, however,
are in concordance with those of Cao et al. (37); the authors
found maspin overexpression in both active IBD and in
colitis-associated dysplasia, suggesting a potential role of
maspin in neoplastic progression in patients with IBD (37).

Jang et al. found mutated maspin in 89% of gastric
carcinomas (22). In human cell lines and cancer tissues, they
found residue Pro176-maspin frequently mutated to Ser; the
mutation resulted in decreased apoptosis, enhanced colony
formation in vitro and increased tumorigenesis in vivo. In a
mouse model, cells expressing Ser176-maspin had a higher
rate of tumor formation in vivo than those expressing
Pro176-maspin. Jang et al. postulated that the P176S
(C526T) substitution of maspin might lead to a partial loss
of the tumor-suppressor function of the protein, contributing
to decreased susceptibility to apoptosis and to malignant
progression (22). 

Based on these considerations and bearing in mind that
maspin was not expressed in normal colorectal mucosa, we
speculate that the extensive maspin expression found in HP,
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Figure 4. a: Conventional colonic adenoma showing focally-distributed maspin expression alternating with absence of maspin expression in
adenomatous tissue. Note that some apparently non-dysplastic colonic glands within the adenomatous tissue express an enhanced level of maspin
(maspin immunostain, ×10). b: Carcinoma evolving from a conventional colonic adenoma. Note absence of maspin expression, except for two
apparently non-neoplastic glands (maspin immunostain, ×4). c and d: Adenocarcinoma evolving from a sessile serrated, adenomas/polyp (SSA/P).
c: Note mucus-rich adenocarcinoma in the submucosa (arrows, hematoxylin and eosin stain, ×2). d: Extensive maspin expression in an
adenocarcinoma evolving from a SSA/P (maspin immunostain, ×20).



SSA/P and TSA-ECF might reflect the mutant form of
maspin protein. 

In conclusion, it is apparent that maspin is an auspicious
marker to highlight lesions central to the serrated pathway of
colorectal carcinogenesis. The review of the literature
indicates that this appears to be the first report on the
expression of maspin in SSA/P and TSA. 

Conflicts of Interest

None.

References

1 Allemani C, Weir HK, Carreira H, Harewood R, Spika D, Wang
XS, Bannon F, Ahn JV, Johnson CJ, Bonaventure A, Marcos-
Gragera R, Stiller C, Azevedo E Silva G, Chen WQ, Ogunbiyi
OJ, Rachet B, Soeberg MJ, You H, Matsuda T, Bielska-Lasota
M, Storm H, Tucker TC, Coleman MP and the CONCORD
Working Group: Global surveillance of cancer survival 1995-
2009: analysis of individual data for 25 676 887 patients from
279 population-based registries in 67 countries (CONCORD-2).
Lancet 385: 977-1010, 2015.

2 Rubio CA, Kristjansdottir S, Thodleifsson B, Olafsdóttir E and
Jonasson JG: The frequency of advanced adenoma in consulting
patients: a nationwide survey in Iceland (2003-2006). Colorectal
Dis 14: e595-602, 2012.

3 Fearon ER and Vogelstein B: A genetic model for colorectal
tumorigenesis. Cell 61: 759-767, 1990.

4 Jass JR: Serrated route to colorectal cancer: Back street or super
highway? J Pathology 193: 283-285, 2001.

5 Torlakovic E and Snover DC: Serrated adenomatous polyposis
in humans. Gastroenterology 110: 748-755, 1996.

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

7 O'Brien MJ, Yang S, Mack C, Xu H, Huang CS, Mulcahy E,
Amorosino M and Farraye FA: Comparison of microsatellite
instability, CpG island methylation phenotype, BRAF and KRAS
status in serrated polyps and traditional adenomas indicates
separate pathways to distinct colorectal carcinoma end-points.
Am J Surg Pathol 30: 1491-501, 2006.

8 Lambert R, Kudo SE, Vieth M, Allen JI, Fujii H, Fujii T, Kashida
H, Matsuda T, Mori M, Saito H, Shimoda T, Tanaka S, Watanabe
H, Sung JJ, Feld AD, Inadomi JM, O'Brien MJ, Lieberman DA,
Ransohoff DF, Soetikno RM, Zauber A, Teixeira CR, Rey JF,
Jaramillo E, Rubio CA, Van Gossum A, Jung M, Jass JR and
Triadafilopoulos G: Pragmatic classification of superficial
neoplastic colorectal lesions Gastrointest Endosc 70: 1182-1199,
2009.

9 Huang CS, O'Brien MJ, Yang S and Farraye FA: Hyperplastic
polyps, serrated adenomas, and the serrated polyp neoplasia
pathway. Am J Gastroenterol 99: 2242-2255, 2004. 

10 O'Brien MJ, Zhao Q and Yang S: Colorectal serrated pathway
cancers and precursors. Histopathology 66: 49-65, 2015.

11 Wiland HO , Shadrach B, Allende D, Carver P, Goldblum JR,
Liu X, Patil DT, Rybicki LA and Pai RK: Morphologic and

molecular characterization of traditional serrated adenomas of
the distal colon and rectum. Am J Surg Pathol 38: 1290-1297,
2014.

12 Sager R, Sheng S, Anisowicz A, Sotiropoulou G, Zou Z,
Stenman G, Swisshelm K, Chen Z, Hendrix MJ and Pemberton
P: RNA genetics of breast cancer: maspin as paradigm. Cold
Spring Harb Symp Quant Biol 59: 537-546, 1994.

13 Ohike N, Maass N, Mundhenke C, Biallek M, Zhang M, Jonat
W, Lüttges J, Morohoshi T, Klöppel G and Nagasaki K:
Clinicopathological significance and molecular regulation of
maspin expression in ductal adenocarcinoma of the pancreas.
Cancer Lett 199: 193-200, 2003.

14 Smith SL, Watson SG, Ratschiller D, Gugger M, Betticher DC
and Heighway J: Maspin – the most commonly-expressed gene
of the 18q21.3 serpin cluster in lung cancer – is strongly
expressed in preneoplastic bronchial lesions. Oncogene 22:
8677-8687, 2003.

15 Takeda C, Takagi Y, Shiomi T, Nosaka K, Yamashita H, Osaki
M, Endo K, Minamizaki T, Teshima R, Nagashima H and
Umekita Y: Cytoplasmic maspin expression predicts poor
prognosis of patients with soft tissue sarcomas. Diagn Pathol 9:
205-209, 2014.

16 Umekita Y, Souda M and Yoshida H: Expression of maspin in
colorectal cancer. In Vivo 20: 797-800, 2006.

17 Zheng H, Tsuneyama K, Cheng C, Takahashi H, Cui Z, Murai
Y, Nomoto K and Takano Y: Maspin expression was involved in
colorectal adenoma–adenocarcinoma sequence and liver
metastasis of tumors. Anticancer Res 27: 259-265, 2007.

18 Payne CM, Holubec H, Crowley-Skillicorn C, Nguyen H,
Bernstein H, Wilcox G and Bernstein C: Maspin is a
deoxycholate-inducible, anti-apoptotic stress-response protein
differentially expressed during colon carcinogenesis. Clin Exp
Gastroenterol 4: 239-253, 2011. 

19 Rubio CA, Kaufeldt A, Koha R, Ushoida M, Lindahl J and Kis
LL: β-catenin helices in the cytoplasm of sessile serrated
adenoma/polyps and conventional colorectal adenomas.
Anticancer Res 35: 929-934, 2015.

20 Rubio CA and Kaufeldt A: Maspin highlights colorectal serrated
polyps. Preliminary findings, In Vivo, 2015, in press.

21 Snover DC, Ahnen DJ and Burt RW: Serrated polyps of the
colon and rectum and serrated polyposis. In: World Health
Organisation. Classification of Tumors of the Digestive System.
Fourth Edition. Bosman FT, Carneiro F, Hruban RH and Theise
ND (eds.). Lyon: IARC Press pp. 160-170, 2010.

22 Jang HL, Nam E, Lee KH, Yeom S, Son HJ and Park C: Maspin
polymorphism associated with apoptosis susceptibility and in
vivo tumorigenesis. Int J Mol Med 22: 333-338, 2008.

23 Ban S, Mitomi H, Horiguchi H, Sato H and Shimizu M:
Adenocarcinoma arising in small sessile serrated adenoma/polyp
(SSA/P) of the colon: clinicopathological study of eight lesions.
Pathol Int 64: 123-132, 2014. 

24 Chen CW, Hsiao KH, Yue CT and Wang CC: Invasive
adenocarcinoma arising from a mixed hyperplastic/adenomatous
polyp and synchronous transverse colon cancer. World J Surg
Oncol 11: 214-217, 2013. 

25 Fujita K, Yamamoto H, Matsumoto T, Hirahashi M, Gushima M,
Kishimoto J, Nishiyama K, Taguchi T, Yao T and Oda Y: Sessile
serrated adenoma with early neoplastic progression: a
clinicopathologic and molecular study. Am J Surg Pathol 35:
295-304, 2011.

Rubio et al: Maspin Highlights Serrated Colonic Polyps

4143



26 Goldstein NS: Small colonic microsatellite unstable
adenocarcinomas and high-grade epithelial dysplasias in sessile
serrated adenoma polypectomy specimens: a study of eight
cases. Am J Surg Pathol 125: 132-145, 2006.

27 Hawkins NJ, Gorman P, Tomlinson J, Bullpitt P and Ward RL:
Colorectal carcinomas arising in the hyperplastic polyposis
syndrome progress through the chromosomal instability pathway.
Am J Pathol 157: 385-392, 2000.

28 Imai K, Hotta K and Ono H: Submucosal invasive carcinoma
arising from a sessile serrated adenoma/polyp, 20 mm in
diameter, with lymph node metastasis. Dig Endosc 27 :162-163,
2015. 

29 Kinoshita O, Murayama Y, Kuriu Y, Nakanishi M, Sakakura C
and Otsuji E: Invasive mucinous adenocarcinoma associated with
adjacent sessile serrated lesion of the appendix vermiform: a
case report. Case Re: Pathol 1: 1-4, 2014.

30 Kudo T, Matsumoto T, Esaki M, Yada S, Hirahashi M,
Kayashima K, Yao T and Iida M: Small invasive colonic cancer
occurring in a hyperplastic polyp. Endoscopy 36: 825-828, 2004.

31 Jaramillo E, Watanabe M, Rubio CA and Slezak P: Small
colorectal serrated adenomas: endoscopic findings. Endoscopy
29: 1-3, 1997.

32 Oono Y, Fu K, Nakamura H, Iriguchi Y, Yamamura A, Tomino
Y, Oda J, Mizutani M, Takayanagi S, Kishi D, Shinohara T,
Yamada K, Matumoto J and Imamura K: Progression of a sessile
serrated adenoma to an early invasive cancer within 8 months.
Dig Dis Sci 54: 906-909, 2009.

33 Sheridan TB, Fenton H, Lewin MR, Burkart AL, Iacobuzio-
Donahue CA, Frankel WL and Montgomery E: Sessile serrated
adenomas with low- and high-grade dysplasia and early
carcinomas: an immunohistochemical study of serrated lesions
'caught in the act'. Am J Clin Pathol 126: 564-571, 2006. 

34 Xu S, Wang L, Yang G, Xu C and Ge C: Clinicopathological
observations of colorectal serrated lesions associated with
invasive carcinoma and high-grade intraepithelial neoplasm. Exp
Ther Med 6: 1113-1120, 2013. 

35 Yao T, Nishiyama K, Oya M, Kouzuki T, Kajiwara M and
Tsuneyoshi M: Multiple `serrated adenocarcinomas' of the colon
with a cell lineage common to metaplastic polyp and serrated
adenoma. Case report of a new subtype of colonic
adenocarcinoma, with gastric differentiation. J Pathol 190: 444-
449, 2000.

36 Lash RH, Genta RM and Schuler CM: Sessile serrated
adenomas: prevalence of dysplasia and carcinoma in 2139
patients. J Clin Pathol 63: 681-686, 2010.

37 Cao D, Wilentz RE, Abbruzzese JL, Ho L and Maitra A:
Aberrant expression of maspin in idiopathic inflammatory bowel
disease is associated with disease activity and neoplastic
transformation. Int J Gastrointest Cancer 36: 39-46, 2005. 

Received March 23, 2015
Revised April 8, 2015

Accepted April 9, 2015

ANTICANCER RESEARCH 35: 4139-4144 (2015)

4144


