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Abstract – Objective: Elevated microsatellite alteration at selected tetranucleotide repeats 
(EMAST) is a prognostic biomarker in colorectal cancer (CRC). EMAST phenotype appears to be 
linked to deficiency in DNA mismatch repair (MMR) proteins including MSH3. The TGF-ß signaling 
pathway has a pivotal role in tumorigenesis of CRC. Since the biological causes of EMAST phenom-
enon has remained a matter of debate, this study aimed to investigate the association between 
Smad-dependent canonical signaling TGF-ß pathway and EMAST phenotype in colorectal cancer 
patients.

Patients and Methods: EMAST status was analyzed in normal and paraffin-embedded tumor 
tissues of 122 CRC patients using QIAxcel capillary PCR and electrophoresis. Immunohistochemical 
method was used to determine the expression of canonical TGFß-signaling pathway and MSH3 
proteins. Eventually, the relationship between canonical TGF-ß signaling pathway activation and 
EMAST phenotype and, therefore, MSH3 expression, was evaluated.

Results: 40.2% of CRC tumors had EMAST+ phenotype. The canonical TGF-ß signaling path-
way was activated in 27.9% of patients. Furthermore, 43.4% of patients indicated low expression 
of MSH3. 64.7% of tumors characterized with activated canonical TGF-ß signaling pathway were 
EMAST+. Finally, a significant relationship between TGF-ß signaling pathway activation and MSH3 
expression was observed.

Conclusions: In current study, the activation of canonical TGF-ß signaling pathway in CRC tu-
mors mediated by Smad proteins was significantly associated with EMAST phenotype and MSH3 
expression.

KEYWORDS: Microsatellite Instability, Elevated microsatellite alteration at selected tetranucleotide 
repeats (EMAST), Canonical TGF-ß signaling pathway, Colorectal neoplasms.
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INTRODUCTION

Colorectal Cancer (CRC) is the third most prevalent 
malignant cancer and the fourth leading cause of death 
due to cancer in the world1. In consonance with re-
cent studies, CRC is a heterogeneous disease in which 
there are distinct differences in clinical manifestations, 
prognosis, and response to treatment even between 
patients with a similar pathologic stage2. In recent de-
cades, several molecular mechanisms of CRC were the 
focal point of many studies, contributing to the classi-
fication due to their clinical feature and shed light on 
CRC commencement and progression3. Microsatellite 
Instability (MSI) is an alteration in the formation of 
mono and two nucleotide sequences that is associat-
ed with better prediction and specific tumor features4. 
MSI has been diagnosed in 10–20% of colorectal can-
cers and is characterized by deficient expression of 
DNA mismatch repair (MMR)proteins5. MMR pro-
teins encoded by MMR genes function as heterodimer 
proteins. MSH2 is a pre-eminent protein that binds to 
MSH6 and MSH3 and MLH1 accompanies PMS2. 
The DNA repair system’s obsession depends largely on 
two MSH2 complexes: MSH2-MSH6 or MutSα, which 
detects single nucleotide mismatches as well as slippage 
in mononucleotide and dinucleotide sequences, and 
MSH2-MSH3 or MutSα that discerns changes in dinu-
cleotide or longer repeats. The MLH1-PMS2 or MutLα 
complex binds to the MSH2-MSH6 and MSH2-MSH3 
complexes consequently leading to either DNA repair or 
cell death6. A novel type of microsatellite instability that 
occurs in tetra-nucleotide sequences is called EMAST 
(Elevated Microsatellite Alterations at Selected Tetra-
nucleotide repeats). EMAST CRCs have a maladaptive 
in MSH3 protein function. This lack of function is not 
due to mutations but to subcellular translocation of the 
MSH3 from the nucleus (where MMR repairs DNA) 
to the cytosol. Lack of MSH3 in the nucleus results in 
altered genome patterns in tetranucleotide sequences. 
It seems that inflammation, oxidative stress, and the 
interleukin-6 signaling pathway, in particular, are the 
pre-eminent causes of MSH3 translocation from the nu-
cleus to the cytoplasm7.

So far, EMAST has been reported in multiple 
cancers including colorectal, lung, ovarian, bladder, 
prostate, kidney, head and neck, non-melanoma skin 
and uterus3,8. There is some evidence indicating that 
EMAST is associated with advanced stages of cancer, 
whereby its presence is correlated with poor prognosis 
in CRC patients9. Transforming Growth Factor Beta 
(TGF-β) is a cytokine that participates in many stages 
of tumorigenesis and activates several subcellular sig-
naling pathways. The canonical signaling pathway of 
TGF-β is heavily dependent on the Smad family pro-
teins, which involves SMAD2/ 3 phosphorylation. Af-
terward, by the translocation of Smad4 to the nucleus 
the transcription of many genes will be regulated10,11.

With respect to the findings alluded above, and since 
the canonical signaling pathway of TGF-β as one of the 
chief causes of EMAST marker and its association with 
MSH3 expression level has remained inconclusive, we 
decided to investigate the relationship between canon-
ical signaling pathway of TGF-β and EMAST marker 
and MSH3 expression level in this study.

PATIENTS AND METHODS

159 patients with CRC underwent a surgery at 
Taleghani Hospital and Shohada Tajrish Hospital, Sha-
hid Beheshti University of Medical Sciences. Further, 
their EMAST status had been also examined in For-
malin-fixed paraffin-embedded (FFPE) tissues12.122 
out of 159 patients were included in the study for eval-
uation of canonical pathway proteins of TGF-β as well 
as MSH3 protein and its association with EMAST 
marker. Ethical approval of this study was obtained 
from the Medical Ethics Committee of Gastroenter-
ology and Liver Disease Research Institute of Shahid 
Beheshti University of Medical Sciences.

EMAST evaluation

As it was mentioned, the EMAST phenotype had been 
determined in a previous study in these patients12. In 
brief, DNA extraction from normal adjacent FFPE tis-
sues was performed by FFPE DNA extraction kit pro-
duced by QIAGEN GmbH (QIAGEN GmbH, Hilden, 
Germany). Five tetranucleotide markers including 
D9S242, MYCL1, D8S321, D20S82 and D20S85 were 
used for evaluation of EMAST. PCR optimization 
was performed by primers designed for each EMAST 
panel marker. We used QIAxcel capillary electropho-
resis, High Resolution Cartridge, 25-500 nucleotide 
molecular marker, and 15-156 nucleotide align marker 
for detachment of segments generated by PCR and to 
compare microsatellite instability in tumor and normal 
samples of each patient 12. When at least two of five 
markers show a different pattern in tumor cells than 
normal, it is called EMAST positive (EMAST+). But if 
only one or none of the markers in the tumor cells show 
instability relative to adjacent normal cells, the sample 
is considered to be EMAST negative (EMAST-).

Measurement of protein expression 
by immunohistochemistry

Immunohistochemical (IHC) method was used to de-
termine the expression level of MSH3 protein and to 
evaluate the canonical signaling pathway of TGF-β 
(expressions of three TGF-β, phosphorylated Smad2 
and Smad4 proteins). In brief, 4-micron cut sections of 
paraffin- embedded tumoral tissues were laid on glass 
slides coated by Poly-L-lysine and incubated at 60°C 
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as to compare variables and appropriate statistical 
tests. Roc test was used to determine the cut-off val-
ue of protein expression. The statistical significance 
level was defined as 5% in all entire analyses.

RESULTS

Among 122 patients with colorectal cancer, 40.2% 
had a tumor with EMAST+ phenotype and 59.8% 
had a tumor with EMAST- phenotype.

Evaluation of TGF-b canonical 
signaling proteins

The expression level of TGF-β protein was eval-
uated by IHC staining. Based on TGF- protein 
staining, different patterns were observed among 
tumors. In some type of tumors, TGF-β was ex-
pressed in the cytoplasm, while in some other kind 
of tumors; it was expressed in the tumor micro-
environment and other tumors, showed the ex-
pression of TGF-β in both nucleus and cytoplasm. 
31.1% of patients illustrated high expression of 
TGF-β protein in tumor microenvironment. Figure 
1 depicts images of TGF-β expression in the nu-
cleus and cytoplasm or both. 45.9% of tumors had 
high expression of pSmad2 in cytoplasmic stain-
ing. All positive samples had a homogeneous pat-
tern in staining. Figure 2 illustrates discrepancies 
in two tumor’s pSmad2 expression levels. More-
over, 40.2% of tumors showed a high expression 
of Smad4 in the nucleus based on nuclear staining. 
All positive samples had a homogeneous pattern 
in staining. Figure 3 elucidates the differences be-
tween the two tumor’s Smad4 expression levels. 
The MSH3 protein expression, which is one of the 
MMR proteins, was examined to investigate the 
cause of EMAST phenotype among CRC tumors. 
The low expression of MSH3 protein in the nucle-
us, as well as its translocation from the nucleus to 
the cytoplasm, was investigated in the samples.

Heterogeneity of MSH3 expression in the nu-
cleus and cytoplasm was observed in 41.3% of the 
tumors (Figure 4b), and in the aggregate, 43.4% of 
CRC patients had low expression of nuclear MSH3 
in the tumor cells (Figure 4c). Besides, 89.8% of 
EMAST+ tumors indicated low expression of MSH3 
gene. As indicated by Table 1, 56.6% of tumors had 
high MSH3 expression. Aforementioned, patients 
with high expression of TGF-β in tumor stroma and 
phosphorylated Smad2 and Smad4 simultaneously 
in the nucleus were considered as samples in which 
canonical TGF-β signaling pathway was activated. 
In present study, 27.9% of patients showed the acti-
vated form of this pathway.

for 15 min; then the sections were deparaffinized and 
dehydrated by xylene and ethanol, and retrieval an-
tigen was performed in microwave (900 W, 27 min) 
by adding HCL in order to change  pH to the extreme 
alkaline (pH=9) and coolness. Hydrogen peroxidase 
10% was used to block endogenous peroxidase ac-
tivity and, thereafter, was rinsed in deionized water. 
Then samples were blocked using blocking serum. 
Next, the sections were incubated at 37°C for 30 min-
utes. Antibodies against MSH3 including Anti-MSH3 
antibody - C-terminal (ab154521)), TGF-β Anti-TGF 
beta 1 (antibody -ab92486), phosphorylated Smad2 
(Anti-Smad2-phospho S467) and Smad4 (AP3251a) 
were applied at concentrations of 1:400, 1:600, 1:100 
and 1:100, respectively. The Diagnostic Biosystem im-
munohistochemistry kit (PVP100D) was utilized as a 
secondary diagnostic system. The antigen-antibody 
complex is amplified by the primary antibody and is 
detected by a complex composition comprising a mi-
cro polymer with peroxidase molecules. After incuba-
tion and washing, the antigen-antibody reaction with 
HRP polymer was made visible by 3’-Diaminobenzi-
dine (DAB) solution, which creates a brown color. Af-
ter all, the slides were stained with hematoxylin.

Evaluation of proteins 
expressions

The slides were examined under a light microscope 
by two pathologists who were unaware of the clin-
ical and genetic data. A positive control tissue and 
normal cell staining pattern were used as an internal 
control for each protein. Tonsil tissue as a positive 
control for MSH3 antibody and Smad2 phosphory-
lated antibody (pSmad2), placenta and breast tissue 
as a positive control for TGF-β and Smad4 antibod-
ies were applied, respectively. Immunohistochem-
ical scoring was performed based on IRS scoring 
system and the cut-off score for protein expression 
was 9 based on ROC curve analysis. The normal 
staining pattern of MSH3 antibody illustrates the 
nuclear expression of this protein whereas the low 
expression of MSH3 in the nucleus or its presence 
in the cytoplasm (heterogeneous pattern) of the tu-
mor cells indicates MSH3 dysfunction. Expression 
of TGF-β antibody in tumor stroma and simultane-
ous expression of pSmad2 and Smad4 in the nucleus 
were assessed. In concluding, tumor specimens that 
indicated high expression of all three proteins si-
multaneously were considered as samples in which 
TGF-β signaling pathway was activated and hence 
was included in the statistical calculations.

Statistical analyses

The SPSS software (version 16.0 SPSS Inc., Chica-
go, IL, USA) was used to describe the data as well 
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Fig. 1. Representative images of immunostaining for the TGF-ß status in CRC. A, Cytoplasmic staining of the TGF-ß. B, IHC 
staining of the TGF-ß in cytoplasm and microenvironment. C, IHC staining of the TGF-ß in the microenvironment, Original 
magnification ×100.

A B C

Fig. 4. Representative images of immunostaining for the MSH3 status in CRC. A, High MSH3 expression in the nucleus. B, Het-
erogeneous expression of MSH3 in nucleus and cytoplasm. C, Low MSH3 expression in the nucleus, Original magnification ×100.

A

Fig. 2. Representative images 
of immunostaining for the pS-
mad2 status in CRC. A, Low 
pSmad2 expression in the cyto-
plasm. B, High pSmad2 expres-
sion in the cytoplasm, Original 
magnification ×100.

B

A

Fig. 3. Representative im-
ages of immunostaining for 
the Smad4status in CRC. 
A, Low nuclear staining 
of Smad4. B, High nuclear 
staining of Smad4, Original 
magnification ×100.

B
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and Smad3 by binding to its receptor through ac-
tivating the canonical signaling pathway of TGF-β. 
The Smads bind to a Co-Smad called Smad4. The 
complex is transmitted to the nucleus and regulates 
transcription of TGF-β-related genes19. The role of 
TGF-β in tumor development as either pre-tumor 
or anti-tumor requires further intensive studies to 
provide reinforced understandings in order to define 
the activity of this cytokine20,21. This change in the 
role of TGF-β is known as the TGF-β paradox. This 
paradox is also reflected in the clinical outcomes of 
patients thus, in the early stages of cancer, TGF-β 
levels are positively associated with a favorable pre-
diction. Nevertheless, in advanced tumors, TGF-β 
levels in the tumor microenvironment have a posi-
tive relationship with tumor size, invasion, and dif-
ferentiation, which serve TGF-β as a favorable prog-
nostic biomarker and predictor of recurrence after 
initial or unsuccessful treatment22,23.

As of today, EMAST has been reported in nu-
merous different cancers24. EMAST is intensely 
associated with inflammation and its presence is a 
marker of poor prognosis in patients with CRC9. Re-
garding the incidence of metastasis and poor surviv-
al of tumors with the EMAST+ phenotype12, under-
standing the EMAST phenotype development may 
pave the way for predicting appropriate treatment. 
Of interest, the findings of this study indicate that 
the presence of the TGF-β inflammatory cytokines 
inside and nearby tumor’s epithelial cells, through 
TGF-β canonical pathway and by means of Smad 
proteins, mediates the MSH3 protein translocation 
from the nucleus to the cytoplasm and also result in 
EMAST phenotype occurrence. How this translo-
cation takes place is obscure? Since the number of 
genes containing tetranucleotide sequences, which 
are in the coding regions, and experience frame-
shift mutations according to the lack of MSH3, is 
low in the human genome25. Therefore, frameshifts 
in non-coding regions of microsatellites provide 
higher genetic variation for recombination events 
in healthy cells and also bestow a way for meta-

Table 1 indicates that 64.7% of tumors wherein-β 
signaling pathway active had EMAST+ biomarker. 
There was also a significant relationship between 
TGF-β signaling pathway activation and MSH3 ex-
pression, and accordingly, activation of this path-
way has decreased the expression of this protein 
or caused its translocation from the nucleus to the 
cytoplasm.

DISCUSSION

The results of immunological staining studies of 
CRC tumors for Smad-dependent TGF-β signaling 
pathway proteins in the present study casts a new 
light on that there is a significant relationship be-
tween TGF-β signaling pathway activation and 
EMAST+ phenotype and also with the low expres-
sion of MSH3 protein.

As stated in previous studies, we have unveiled 
that EMAST is associated with low expression or 
nuclear heterogeneity of MSH3 in CRC patients13,14. 
In the cellular model, hMSH3 deficiency, which was 
affected by oxidative stress with H2O2 or interleu-
kin 6, induces EMAST15. This lack of function is 
not due to mutations but to alterations in the sub-
cellular translocation of the MSH3 from the nucleus 
(where MMR does DNA repair) to the cytosol. Lack 
of MSH3 in the nucleus alters the genome pattern 
in tetranucleotides7. Initial reports have demonstrat-
ed that MSH3 status can regulate DNA damage 
response and the apoptosis rate as a consequence 
of chemotherapy16. The presence of inflammatory 
cytokines namely, tumor necrosis factor (TNF) -α, 
interleukin (IL) -6, IL-10, and TGF-β in the cellular 
microenvironment enhances CRC growth and pro-
gression17.

Gonzalez-Zubeldia et al18 demonstrated that in 
CRC cell lines, TGF-β induces epithelial to mes-
enchymal transition (EMT), invasion, and endo-
thelial migration through SMAD2, SMAD3, and 
SMAD1 /5/8 activation. TGF-β activates Smad2 

TABLE 1. Association between canonical TGF-ß signaling pathway with EMAST and MSH3 expression in CRC patients. 

Characteristics           All Patients N (%)             Canonical TGF-ß signalling N (%) p-value
    
  activate deactivate
  34 (27.9) 88 (72.1)

EMAST 
  Positive 49 (40.2) 22 (64.7) 27 (30.7) 0.001
  Negative 73 (59.8) 12 (35.3) 61 (69.3)
 
MSH3
  Low 53 (43.4) 21 (61.8) 32 (36.4) 0.015
  High 69 (56.6) 13 (38.2) 56 (63.6)
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2017; 13: 73-80.
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Microsatellite Alterations at Selected Tetranucleotide 
repeats (EMAST) testing in colorectal cancer using the 
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6: e1263.

  9. Melissa G, Chan Ch, Hyeong–Rok K, Yahya D, Yuji T, 
Masanobu T, Ajay G, C. Richard B, Minoru K. Associa-
tion between recurrent metastasis from stage II and III 
primary colorectal tumors and moderate microsatellite 
instability. Gastroenterology 2012; 143: 48-50.

 10. Barbara J, Jonas JS, Daniel B. Transforming growth 
factor b superfamily signaling in development of colo-
rectal cancer. Gastroenterology 2017; 152: 36-52.

 11. Luo J, Chen XQ, Li P. The role of TGF-b and its receptors 
in gastrointestinal cancers. Transl Oncol 2019; 12: 475-
484.

 12. Torshizi Esfahani A, Seyedna SY, Nazemalhosseini 
Mojarad E, Majd A, Asadzadeh Aghdaei H. MSI-L/
EMAST is a predictive biomarker for metastasis in 
colorectal cancer patients. J Cell Physiol 2019; 234: 
13128-13136.

 13. Haugen AC, Goel A, Yamada K, Marra G, Nguyen TP, 
Nagasaka T, Kanazawa S, Koike J, Kikuchi Y, Zhong X, 
Arita M, Shibuya K, Oshimura M, Hemmi H, Boland 
CR, Koi M. Genetic instability caused by loss of MutS 
homologue 3 in human colorectal cancer. Cancer Res 
2008; 68: 8465-8472.

 14. Lee HS, Park KU, Kim DW, Lhn MH, Kim WH, Seo AN, 
Chang HE, Nam SK, Lee SY, Oh HK, Kang SB. Elevated 
Microsatellite Alterations at Selected Tetranucleotide 
Repeats (EMAST) and microsatellite instability in pa-
tients with colorectal cancer and its clinical features. 
Curr Mol Med 2016; 16: 829-839.

 15. Tseng-Rogenski SS, Chung H, Wilk MB, Zhang S, 
Iwaizumi M, Carethers JM. Oxidative stress induces 
nuclear-to-cytosol shift of hMSH3, a potential mecha-
nism for EMAST in colorectal cancer cells. PLoS One 
2012; 7: e50616.

 16. Park JM, Huang S, Tougeron D, Sinicrope FA. MSH3 
mismatch repair protein regulates sensitivity to cytoto-
xic drugs and a histone deacetylase inhibitor in human 
colon carcinoma cells. PLoS One 2013; 8: e65369.

 17. Landskron G, De la Fuente M, Thuwajit P, Thuwajit C, 
Hermoso MA. Chronic inflammation and cytokines in 
the tumor microenvironment. J Immunol Res 2014; 
2014: 149185.

 18. Gonzalez-Zubeldia I, Dotor J, Redrado M, Bleau AM, 
Manrique I, de Aberasturi AL, Villalba M, Calvo A. Co-
migration of colon cancer cells and CAFs induced by 
TGFb1 enhances liver metastasis. Cell Tissue Res 2015; 
359: 829-839.

 19. Chacko BM, Qin BY, Tiwari A, Shi G, Lam S, Hayward 
LJ, De Caestecker M, Lin K. Structural basis of hete-
romeric smad protein assembly in TGF-beta signaling. 
Mol Cell 2004; 15: 813-823.

 20. Jonas JS, Jessica B, Arundhati J, Jun T, Timothy C, Geor-
gina M, Özkan Ö, Nancy K, Grace G, David K, Paul G, 
Barbara J. Activin signaling is an essential component 
of the TGF-b induced pro-metastatic phenotype in 
colorectal cancer. Sci Rep 2017; 7: 5569.

static diversity increase in tumor cells. Albeit, the 
EMAST phenotype is associated with metastasis, 
for a stronger demonstration of this hypothesis, it 
demands to be performed on CRC tumor cell lines. 

CONCLUSIONS

In general terms, few studies have been conducted 
to understand the leading causes of the biological 
existence of EMAST as a marker along with poor 
clinical outcomes in patients with colorectal cancer. 
In this study, Smad protein-mediated TGF-β canon-
ical signaling pathway activation in CRC tumors 
had a significant relationship with the incidence 
of EMAST phenotype and the expression level of 
MSH3 protein, a DNA repair protein. TGF-β boosts 
proliferation and invasion in advanced stages of col-
orectal cancer, leading to metastatic behavior and 
poor survival in CRC patients. As a consequence, 
the interaction between the TGF-β canonical sig-
naling pathway and EMAST phenotype, which has 
been detected in the present study, could be the rea-
son for the poor clinical outcome in patients with 
EMAST+ phenotype.
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