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Abstract

Introduction: Epithelial-mesenchymal transition (EMT) is a process of change in the cellular phenotype from epithelial to mesenchy-
mal morphology. The changes at the cellular level can explain the great heterogeneity and plasticity in the different histological subtypes
of gastric carcinomas, which causes difficulties in therapy. In it, epithelial cells reduce intercellular adhesion, which is crucial in the pro-
cess of invasion and metastasis of gastric carcinomas. Inhibition of cell adhesion molecules such as E-cadherin is known to be influenced
by a number of transcription factors, such as Snail and Twist.

Materials and methods: Our study aims to examine immunohistochemically the expression of the transcription factors Snail and
Twist in 69 patients with gastric cancer and to look for a link between their expression and clinical and pathological characteristics.

Results: Positive expression of Snail and Twist was observed in all cases studied by us. We observed heterogeneity and different intensity
of immunohistochemical expression. There is a correlation between the immunohistochemical expression and the degree of differentia-
tion of tumor cells and the tumor stage. The cells of poorly differentiated adenocarcinomas show diffuse and strong nuclear staining. No
correlation was found between the expression of the two markers, age, and sex of the patients.

Conclusions: Evaluating the expression of the two markers studied may help to assess tumor progression and prognosis. They can be
used for more accurate and effective diagnosis in precancerous lesions and in early gastric cancer because they are not expressed in the
normal gastric mucosa.
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INTRODUCTION

cancer is defined as intestinal; the other that is specific for
stomach cancer and more common in younger people is

Gastric cancer is one of the most common and deadly  defined as diffuse.?)

cancers globally; it is the fifth most common cancer in the
world.") Most gastric carcinomas are adenocarcinomas
with varying degrees of cell differentiation. Laurén’s clas-
sification divides gastric adenocarcinomas into two main
types: the one that presents a structure similar to colon

The intestinal type adenocarcinoma is more common
than the diffuse type. The intestinal type is characterized by
the presence of glandular structures with mitotically active
cylindrical cells. These tumors often occur in older popu-
lations and are twice as common in men as in women."!
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Intestinal adenocarcinomas are usually located in the an-
trum of the stomach and tend to spread hematogenously.
Diffuse adenocarcinomas are characterized by small ring-
shaped cells (signet-ring cell) that are uniform in shape and
nuclear in size and exhibit lower mitotic activity. Gastric
tumors of this type are more common in the gastric corpus
and are recognized by the lack of glandular formation and
cell adhesion.!*!

Due to its complex mechanisms of initiation and pro-
gression of gastric cancer, its early detection and effective
treatment is hardly possible.”) Gastric cancers show marked
heterogeneity in terms of tumor growth, histogenesis, and
molecular pathogenesis.®) In the process of transcription-
al regulation, several key transcription factors (including
Snail, Twist, and ZEB) play roles that repress E-cadherin
expression and are expressed selectively in gastric cancer.”)
The transcription factors Twist and Snail are immediate ac-
tivators of the epithelial-mesenchymal transition in tumor
cells. The Snail family members of protein play a central
role in the regulation of EMT during tumor progression by
repressing E-cadherin transcription.®] Twist-related pro-
tein was recently reported as an important regulator of car-
cinogenesis and tumor metastasis in different solid tumors,
including gastric cancer. Twist and Snail expression is asso-
ciated with invasive carcinoma proliferation and is a poor
prognostic factor.l’) Snail induces EMT by directly sup-
pressing E-cadherin expression, leading to tumor cell dif-
ferentiation and maintenance of the invasive phenotype.!%!
Twist expression in gastric cancer is significantly associated
with vascular invasion, positive lymph nodes, and distant
metastases.[!!] High Twist and Snail expression is associ-
ated with malignant features of gastric cancer. Evaluating
the expression of the two markers under investigation may
help in assessing the tumor progression providing a more
accurate and effective diagnosis and prognosis.

AIM

The present study was designed to evaluate the Twist and
Snail immunohistochemical expression in a series of pa-
tients with intestinal or diffuse gastric cancer and compare
it with some clinical and pathological indicators.

MATERIALS AND METHODS

The study included a retrospective and prospective inves-
tigation of 69 cases of patients with gastric cancer over a
period of 3 years (2018-2020), 49 men and 20 women in the
age range of 35-87 years. Of these, 56 had intestinal gastric
cancer and 13 had the diffuse type of gastric cancer.

All patients were operated on and diagnosed in the Clin-
ic of Surgery and the Clinic of Gastroenterology of Kaspe-
la University Hospital and Pulmed University Hospital of
Plovdiv. The biopsy materials were reviewed by two inde-
pendent pathologists to diagnose and stage the tumor.

The histological and immunohistochemical investiga-
tion of the biopsy materials was performed in the laborato-
ry of the Department of General and Clinical Pathology of
the Medical University in Plovdiv.

Immunohistochemical analysis

The tissue was treated with standard histopathological
technique according to standard protocols, and semi-quan-
titative analysis of the results was performed. Five-pm thick
paraffin sections were dewaxed and rehydrated through
descending alcohols. Hematoxylin-eosin staining was per-
formed according to standard methods.

The immunohistochemical study was performed ac-
cording to standard protocols. Antibodies produced by
Quartett, Germany and Biorbyt, Great Britain were used:

o rabbit polyclonal antibody against human Twist.

We reported nuclear staining.
« rabbit polyclonal antibody against human Snail
Cytoplasmic and nuclear staining were detected.

DAB was used as the chromogen. An automated color-

ing platform was used.

Expression estimation system

A semi-quantitative method was used to assess the im-
munohistochemical expression: >5% = 0; 5-25% = 1; 25-
50% = 2; >75% = 3.

Intensity of immunohistochemical expression: 0 = miss-
ing; 1 (+) = weak; 2 (+) = moderate; 3 (+) = strong.

The immunohistochemical expression is the sum of
the percentage of positive cells and the intensity. At least
10 x400 magnification fields from each preparation were
examined.

All cases were reviewed by two pathologists for confir-
mation of diagnosis, staging, and grading.

Statistical analysis

Comparison of Twist and Snail expression and clinicopath-
ological parameters was investigated by chi-square test or
Fisher’s exact test, when appropriate. A p-value lower than
0.05 was considered statistically significant. SPSS version
for Windows 13.0 was used to analyze the survey data.

RESULTS

Positive expression of Snail and Twist was observed in
all cases studied (Fig. 1). There is a correlation between
the immunohistochemical expression and the degree of
differentiation of tumor cells and the tumor stage. The
cells of moderately and poorly differentiated adenocar-
cinomas show diffuse and strong nuclear staining. In
these cases, the expression of E-cadherin is weak and
heterogeneous. Negative expression of both markers was
observed in the preserved gastric mucosa adjacent to the
tumor tissue.
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Gender distribution

= female = male

Figure 1. Distribution of patients by sex.

Immunohistochemically, the expression of Snail and
Twist was statistically analyzed to determine their relation-
ship to the clinical and pathological features of the gastric
cancer patients we studied (Figs 2, 3). The results showed
that overexpression of both markers strongly correlated
with tumor cell differentiation (p<0.05), with the TNM
stage of the tumor (p<0.001), with the presence of lymph
node metastases, and with distant metastases in the liver.

Positive expression did not correlate with age, sex, tu-
mor location, and tumor size. In connection with the two
main types of gastric cancer, intestinal and diffuse type ac-
cording to Laurén’s classification, differences in the degree
of expression of Snail and Twist were associated with low
differentiation groups of carcinomas in both types (p<0.05)
(Tables 1, 2).

Men predominate over women in a ratio of 2.5 to 1.

The largest number of studied cases with respect to pT-

Snail and Twist Expression in Gastric Cancer Patients

stage was in pT3-stage in 36 cases, pT4-21, pT2-12. Regard-
ing pN- and pM-stages, we studied 7 patients with lymph
node metastases and 2 patients with liver metastases. In
cases of gastric cancer metastases, the expression level of
Twist and Snail was identical to that in the primary tumor.
Correlations among the expressions of Twist and Snail were
immunohistochemically examined in gastric cancers and
adjacent normal tissues. In normal gastric tissues, positive
immunohistochemical expression was not reported for
both immunohistochemical markers in the biopsy speci-
mens examined.

Table 1. Distribution of the study groups by Twist expression in
different type of gastric cancer (%)

N Diffuse type Intestinal
type

Strong TWIST expression 2 (15%) 6 (10%)

Moderate TWIST expression 9 (70%) 27 (48%)

Weak TWIST expression 2 (15%) 23 (42%)

Negative TWIST expression 0 0

Total 13 (100%) 56 (100%)

Table 2. Distribution of the study groups by Snail expression in
different type of gastric cancer (%)

N Diffuse type :;l;?tinal
Strong SNAIL expression 2 (15%) 3 (5%)
Moderate SNAIL expression 7 (55%) 27 (49%)
Weak SNAIL expression 4 (30%) 26 (46%)
Negative SNAIL expression 0 0

Total 13 (100%) 56 (100%)

Figure 2. Expression of Snail in diffuse and intestinal type carcinoma of the stomach. (a) immunohistochemical expression of Snail in

signet-ring cell gastric cancer (high-intensity immunoreactivity of more than 10% of the tumor cells, 3+, localizing in the cell nucleus

and cytoplasm), x100; (b) immunohistochemical expression of Snail in intestinal-type gastric cancer (strong positive expression, 3+ in
moderately differentiated adenocarcinoma cancerous tissue, localizing in the cell nucleus and cytoplasm), x100.
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Figure 3. Twist expression in diffuse and intestinal type of gastric cancer. (a) immunohistochemical expression of Twist in diffuse type

gastric carcinoma (moderate-intensity immunoreactivity of more than 10% of the tumor cells, 2+, localizing in the cell nucleus), x100;

(b) immunohistochemical expression of Twist in intestinal type gastric carcinoma (moderate-intensity immunoreactivity of more than

10% of the tumor cells, 2+, localizing in the cell nucleus), x100.

The expression of both studied markers remained high
in both intestinal and diffuse carcinomas of the stomach.
Decreased cell differentiation increased the Twist and Snail
expression. All cases with poor immunohistochemical
expression were highly differentiated. Twist expression was
higher in low-grade intestinal carcinomas than in Snail’s,
and vice versa in diffuse carcinomas.

DISCUSSION

The EMT process is always accompanied by a loss of cell-
cell adhesion mediated by E-cadherin, which plays a crit-
ical role in maintaining cellular polarity and epithelial
integrity.['?! E-cadherin transcription in vitro and in vivo
can be suppressed by the zinc-finger transcription factor
Snail, which has been reported to bind to the sequence in
the E-cadherin promoter.® Snail-expressing cells become
invasive, supporting its role in tumor progression.!** Snail
expression has been extensively studied in various human
cancer tissues and cell lines.1"1%) Snail expression is sig-
nificantly more pronounced in cancerous tissues than in
normal stomach tissue.[7:18]

Among the transcription factors that are overexpressed
in metastatic gastric cancer, Twist was the first to be selected
for the study. Ryu et al.l'! used real-time quantitative PCR
and immunohistochemistry to analyze the relationship be-
tween the Twist expression and tumors in 436 cases of gas-
tric cancer, and their results showed that Twist expression
levels in tumor tissues and metastatic lymph nodes were
overregulated in comparison to normal gastric mucosa.
Twist expression in gastric cancer has been shown to be sig-
nificantly associated with positive lymph nodes and distant
metastases.[?%] The results of our study are similar.

We did not observe negative expression of Twist and
Snail in tumor cells in diffuse and intestinal carcinomas,

but in four of the cases of low-grade carcinomas, we re-
ported heterogeneous expression of variable intensity,
which may be due to intratumoral hypoxia. In addition, the
overexpression of Twist, at the edges of the tumor nidus
and tissues adjacent to tumors reported by other authors,
shows inconsistencies in the literature on how this expres-
sion changes as the disease progresses. Our study did not
confirm similar results. The small number of cases studied
in our sample may be the reason for this, which requires
further confirmation.

Although a number of studies report Twist and Snail ex-
pression only in the cytoplasm and nuclei of tumor cells,
the exact explanation for the significance of this biological
finding in the progression from normal mucosa to carcino-
ma remains unclear.?!-2%]

In our study, a positive expression of Twist and Snail was
observed predominantly in the cytoplasm and/or nuclei of
tumor cells in gastric carcinomas, with an increase in inten-
sity in tumors with higher stages of pTNM.

The transcription factors Twist and Snail are immedi-
ate activators of the epithelial-mesenchymal transition in
tumor cells. Twist and Snail expression is associated with
invasive carcinoma proliferation and is a poor prognostic
factor. Snail induces EMT by directly suppressing E-cad-
herin expression, leading to tumor cell differentiation
and maintenance of the invasive phenotype.?*! Twist is
also associated with the clinical course of gastric cancer,
as it is significantly more expressed in tumors at higher
TNM stages. Similar results have been observed by other
authors.?”)

Snail induces EMT by directly suppressing E-cadher-
in expression.[?°! Inhibition of Snail expression can lead
to high expression of E-cadherin, which has a significant
effect on the metastatic properties of cancer cells. Snail is
significantly more pronounced in cancerous tissues than in
normal tissue.
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Positive expression of Snail and Twist was observed in
all cases studied by us. There is a correlation between im-
munohistochemical expression and the degree of differ-
entiation of tumor cells and the tumor stage. The cells of
poorly differentiated adenocarcinomas show diffuse and
strong nuclear staining. Negative expression of both mark-
ers was observed in the preserved gastric mucosa adjacent
to the tumor tissue. No correlation was found between the
expression of the two markers, age, and sex of the patients.
In the era of personalized medicine, the expression of mo-
lecular markers is essential for the diagnosis, treatment,
and prognosis in patients with gastric cancer.?”)

CONCLUSIONS

The results of our study confirm the role of transcription
factors in the progression of blood cancer. In our study,
in all cases of gastric cancer, we observed positive expres-
sion of Snail and Twist in both tumor cell nuclei and cyto-
plasms. Data from the present study show that Snail and
Twist overexpression correlates with clinical progression in
patients with gastric cancer, especially with respect to cell
differentiation, lymph node metastases, distant metastases,
and TNM stage of the tumor.

Many proteins can be used as early diagnostic markers
of gastric cancer, while the regulation of EMT can provide
potential targets for therapy. Snail and Twist can be used as
independent diagnostic markers in borderline proliferative
lesions of the stomach because they are expressed only in
tumor tissue.

Acknowledgements

The present study is funded by the Medical University of
Plovdiv through doctoral project DPDP No. 06/2020.

REFERENCES

1. Ferlay ], Colombet M, Soerjomataram I, et al. Estimating the global
cancer incidence and mortality in 2018: GLOBOCAN sources and
methods. Int ] Cancer 2019; 144(8):1941-53.

2. Rosivatz E, Becker I, Specht K, et al. Differential expression of the
epithelial-mesenchymal transition regulators Snail, SIP1, and Twist
in gastric cancer. Am J Pathol 2002; 161(5):1881-91.

3. Foukakis T, Lundell L, Gubanski M, et al. Advances in the treatment
of patients with gastric adenocarcinoma. Acta Oncologica 2007;
46(3):277-85.

4. Yuasa Y. Control of gut differentiation and intestinal-type gastric car-
cinogenesis. Nat Rev Cancer 2003; 3:592-600.

5. Shin NR, Jeong EH, Choi CI, et al. Overexpression of Snail is associ-
ated with lymph node metastasis and poor prognosis in patients with
gastric cancer. BMC Cancer 2012; 12:521.

6. Hartgrink HH, Jansen EP, van Grieken NC, et al. Gastric cancer. Lan-

Snail and Twist Expression in Gastric Cancer Patients

cet 2009; 374:477-90.

7. Sanchez-Tillo E, Liu Y, de Barrios O, et al. EMT-activating transcrip-
tion factors in cancer: beyond EMT and tumor invasiveness. Cell Mol
Life Sci 2012; 69:3429-56.

8. 'Thiery J. Epithelial-mesenchymal transitions in tumour progression.
Nat Rev Cancer 2002; 2:442-54.

9. Zhu QQ, Ma C, Wang Q, et al. The role of TWIST1 in epithelial-
mesenchymal transition and cancers. Tumor Biol 2016; 37(1):185-97.

10. Yang J, Mani SA, Weinberg RA. Exploring a new twist on tumor me-
tastasis. Cancer Res 2006; 66(9):4549-52.

11. Haraguchi M, Okubo T, Miyashita Y, et al. Snail regulates cell-matrix
adhesion by regulation of the expression of integrins and basement
membrane proteins. ] Biol Chem 2008; 283(35):23514-23.

12. Perl AK, Wilgenbus P, Dahl U, et al. A causal role for E-cadherin in the
transition from adenoma to carcinoma. Nature 1998; 392(6672):190-3.

13. Barbera MJ, Puig I, Dominguez D, et al. Regulation of Snail transcrip-
tion during epithelial to mesenchymal transition of tumor cells. On-
cogene 2004; 23(44):7345-54.

14. Blechschmidt K, Sassen S, Schmalfeldt B, et al. The E-cadherin repres-
sor Snail is associated with lower overall survival of ovarian cancer
patients. Br ] Cancer 2008; 98(2):489-95.

15. Pefia C, Garcia JM, Larriba MJ, et al. SNAII expression in colon can-
cer related with CDH1 and VDR downregulation in normal adjacent
tissue. Oncogene 2009; 28(49):4375-85.

16. Van Meeteren LA, ten Dijke P. Regulation of endothelial cell plasticity
by TGE-p. Cell Tissue Res 2012; 347(1):177-86.

17. Cano A, Pérez-Moreno MA, Rodrigo I, et al. The transcription fac-
tor snail controls epithelial-mesenchymal transitions by repressing
E-cadherin expression. Nat Cell Biol 2000; 2(2):76-83.

18. Yang MH, Chen CL, Chau GY, et al. Comprehensive analysis of the
independent effect of twist and snail in promoting metastasis of hepa-
tocellular carcinoma. Hepatology 2009; 50:1464-74.

19. Ryu HS, do Park J, Kim HH, et al. Combination of epithelial-mesen-
chymal transition and cancer stem cell-like phenotypes has indepen-
dent prognostic value in gastric cancer. Hum Pathol 2012; 43:520-8.

20. Feng MY, Wang K, Shi QT, et al. Gene expression profiling in TWIST-
depleted gastric cancer cells. Anat Rec (Hoboken) 2009; 292:262-70.

21. Usami Y, Satake S, Nakayama F, et al. Snail-associated epithelial-mes-
enchymal transition promotes oesophageal squamous cell carcinoma
motility and progression. J Pathol 2008; 215(3):330-9.

22. De Craene B, van Roy E, Berx G. Unraveling signalling cascades for
the Snail family of transcription factors. Cell Signal 2005; 17:535-47.

23. Kim MA, Lee HS, Lee HE, et al. Prognostic importance of epithelial-
mesenchymal transition-related protein expression in gastric carci-
noma. Histopathology 2009; 54:442-51.

24. Thiery JP, Acloque H, Huang RY, et al. Epithelial-mesenchymal tran-
sitions in development and disease. Cell 2009; 139:871-90.

25. Bolds V, Peinado H, Pérez-Moreno MA, et al. The transcription factor
Slug represses E-cadherin expression and induces epithelial to mes-
enchymal transitions: a comparison with Snail and E47 repressors. |
Cell Sci 2003; 116:499-511.

26. Nakayama H, Scott IC, Cross JC. The transition to endoreduplication
in trophoblast giant cells is regulated by the mSNA zinc finger tran-
scription factor. Dev Biol 1998; 199(1):150-63.

27. Ru GQ, Wang HJ, Xu WJ, et al. Upregulation of Twist in gastric car-
cinoma associated with tumor invasion and poor prognosis. Pathol
Oncol Res 2011; 17:341-7.

Folia Medica | 2023 | Vol. 65| No. 3

397



E. Poryazova et al.

Jkcnpeccusa Snail n Twist B cpaBHEHUU C KITMHUKO-
naTosIorMyecKUMu napameTpamm y 60/ibHbIX pakom
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Pe3rome

BBefeHune: dnurennanbHO-Me3eHXMMaNbHbI nepexon (OMII) npencrasiseT coboit Mpolecc M3MeHeHUs KJIETOYHOro (eHoTHma ¢
SMUTENNATbHOI Ha Me3eHXIMaIbHYI0 MOpdororuio. VisMeHeH s Ha KITETOYHOM YPOBHE MOTYT OOBSCHUTD GO/MBIIYIO TeTepPOreHHOCTh
M IJIACTUYHOCTD PA3/IMYHBIX I'MCTONOIMYECKIX ITOATUIIOB PAaKa JKe/TyfiKa, YTO BhI3bIBAET TPYAHOCTHU B Tepanuu. B HéM snnTennanbHble
K/IETKY CHIDKAIOT MEXK/IETOYHYIO aire3NI0, YTO MeeT pellaolliee 3HaueHNe B IIPoILlecce MHBAa3UM M MeTacTasypOBaHMA KapLTHOMBI
XKeTTyfKa. VI3BecTHO, 4TO Ha MHIUOMPOBaHIe MOJIEKY/I K/IeTOYHOI aAre3uy, TAKUX Kak E-kafrepus, BiuseT pafg GakTopoB TPaHCKPUII-
MM, Takux Kak Snail n Twist.

Matepuanbl n metofbl: Lenpio Hallero MCCaefOBaHMA ObIIO IMMYHOIMCTOXMMMUYECKOE U3YdeHMe SKCIIpeccuy GaKTOpOB TPaHC-
kpuniym Snail u Twist y 69 601bHBIX paKOM >KeyAKa U IIOUCK CBA3M MeX[Y MX 3KCIIPeccuell M KIMHUKO-TIaTOMOTMIeCKIMY XapaK-
TEPUCTUKAMI.

Pesynbtathl: [lonoxurenpras skcipeccus Snail n Twist Hab/ofanach Bo BCeX MCCTIE[OBAHHBIX HAMU CTy4asx. Mbl Hab/iofanm rete-
POTeHHOCTD U Pas/INYHYI0 MHTEHCUBHOCTb MUMMYHOTMCTOXMMMUYECKOI aKcrpeccuu. CylecTByeT KOppenraLys MeXX Ay MMMYHOTICTO-
XMMMYECKOII 9KCIpeccueit U CTeleHblo Ay depeHIMPOBKY OIYXO/IeBbIX KIETOK U cTajuelt omyxom. Kinerku HuskopuddepeHunpo-
BaHHBIX a/ICHOKapIVHOM JIeMOHCTPUPYIOT fuddysHoe u cunbHOe AfepHOe OKpaiyBanyue. Koppensauum Mexpy skcipeccueit IByx
MapKepoB, BO3PacTOM ) IIOJIOM IIALIMEHTOB OOHAPY>KEHO He ObIIO.

3akntoueHue: O].leHKa 9KCIpeccun JBYX M3YyYE€HHDBIX MapKEPOB MOXKET IIOMOYb OLIEHUTDH IIPOrpeCCUpOBaHIE OIYXOIN U IIPOTrHO3.
VIX MO>XHO UCIIONb30BaTh A 6071ee TOYHOI U 3(1)¢)€KTI/IBHOI‘/JI AVArHOCTUKN IIpeApaKOBbIX COCTOSTHUI U PaHHETO paKa JXenyaKa, I10-
CKOJIbKY OHM He SKCIIPECCUPYIOTCA B HOpMaIIbHOIZ CIU3UCTON 060/I0UKe JKenmynKa.

KnwoueBble cnoBa

OMII, pak >XenyzKa, mporpeccupoBaHiue, Snail, Twist
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