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Tissue Expression of ETS-Related Gene in Gastric Carcinomas

Mide Karsinomlarinda ETS ile lliskili Genin Doku Ekspresyonu
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ABSTRACT

Objective: The ETS-related gene (ERG) encodes a member of the erythroblast transforma-
tion-specific (ETS) transcription factor family that has been implicated in both tumor inva-
sion and neovascularization. In this retrospective study, we have aimed to investigate the
clinical significance of ERG tissue expressions in gastric cancer.

Method: We have examined the expression of ERG protein using immunohistochemical
staining in tissue specimens harvested from 172 primary gastric cancer cases.

Results: ERG was expressed in normal vascular endothelium. ERG staining was defined as
positive in 9.9% (17/172) of gastric cancer cases. According to clinicopathological charac-
teristics, statistically significant differences were not observed between ERG expression and
tumor invasion, lymph node and distant metastases, increased tumor stage, histological
lymphatic and neural invasion. There were no significant differences in terms of age, gen-
der, or histopathological grading as for ERG expression.

Conclusion: ERT expression in gastric cancers is not correlated with histological prognostic
indicators.

Keywords: Gastric Carcinomas, ETS, ERG, prognostic criteria
oz

Amac: ETS ile iliskili gen (ERG), hem tiimér invazyonunda hem de neovaskiilarizasyonda rol
oynayan eritroblast transformasyona spesifik (ETS) transkripsiyon faktor ailesinin bir tiyesini
kodlar. Bu retrospektif calismada, mide kanserinde ERG doku ekspresyonlarinin klinik 6ne-
mini arastirmayr amacladik.

Gerec ve Yontem: Yliz yetmis iki primer mide kanserinden elde edilen dokularda immitino-
histokimyasal boyama ile ERG proteininin ekspresyonunu inceledik.

Bulgular: ERG, normal vaskiler endotelyumda eksprese edildi. Mide kanseri vakalarinin
%9,9’unda (17/172) ERG boyamasi pozitif okolarak tanimlandi. Klinikopatolojik &zellikler
acisindan, ERG ekspresyonu ile timor invazyonu, lenf nodu metastazi, uzak organ metas-
tazi, artan timor evresi, lenfatik ve néral invazyon arasinda istatistiksel anlamli iliski gdzlen-
medi. Yas, cinsiyet yveya histopatolojik derecelendirmede de ERG ekspresyonu agisindan
onemli bir farklilik yoktu

Sonug¢: Mide kanserlerinde ERT ekspresyonu histolojik prognostik goéstergelerle iliskili
degildir.

Anahtar kelimeler: Mide Karsinomlari, ETS, ERG, rognostik kriterler
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INTRODUCTION

The ETS-related gene (ERG) encodes a member of
the erythroblast transformation-specific (ETS)
transcription factor family.'? All members of this
family are key regulators of embryonic develop-
ment, cell proliferation, differentiation, angioge-
nesis, inflammation, and apoptosis. The protein
encoded by this gene is expressed in the nuclei.'
This protein is necessary for platelet adhesion to
the subendothelium by inducing vascular cell
remodeling. In addition, it regulates hematopoie-
sis and differentiation and maturation of
megakaryocytes.>* This gene plays a role in chro-
mosome translocations and different fusion gene
products are formed as a result of TMPSSR2-ERG
and NDRGI1-ERG sexspressions in prostate can-
cer, EWS-ERG expression in Ewing sarcoma, and
FUS-ERG-like translocations in acute myeloid
leukemia.>1°

The ERG gene, located on chromosome 21, was
first described in humans in 1987 by Reddy et al.
in colorectal carcinoma cells.®> ERG was first obser-
ved in the embryonic mesoderm and endotheli-
um in the development process and is expressed
in the vascular system, urogenital tract and loca-
lizations that play a role in bone development. In
addition, it is highly expressed in neural crest
cells during the migration phase.'* ERG is tho-
ught to be oncogenic as it acts as a transcription
factor regulating genes involved in tumor prolife-
ration and invasion.>¢

Gastric carcinomas rank second among the most
frequently seen life-threatening cancers in the
world. Since at the time of diagnosis 90% of the
cases are in their advanced stages, these patients
have relatively lower survival rates. Interactions
among individual factors such as diet, Helicobacter
pylori (HP) infection, environmental factors, and
genetic predisposition lead to the development
of gastric carcinoma.” Correa’s gastric carcinoge-
nesis cascade accepted by many investigators
starts with HP infection, and follows a course pas-
sing through the stages of superficial gastritis,
chronic atrophic gastritis, intestinal metaplasia,
dysplasia, and finally gastric carcinoma.®?

Hitherto, as relevant markers for assessing the
proliferative activity and tumor cell dynamics of
gastric carcinomas, many parameters have been
suggested. However, among these parameters
ERG has not been extensively investigated.®'° In
this study we have aimed to evaluate statistical
significance of ERG expression in gastric cancers.

MATERIAL and METHODS

In this retrospective descriptive study, demog-
raphic data, and medical information including
age, and gender of the patients, location, diame-
ter and TNM stage of the tumor related to 172
cases with gastric carcinoma treated at our insti-
tution from 2011 to 2018, were retrospectively
evaluated. All cases were also investigated regar-
ding type, and grade of the tumor, lymphovascu-
lar, perineural invasion, and lymph node involve-
ment. This study has been conducted in accor-
dance with the principles of the Helsinki
Declaration and was approved by the local Ethics
Committee of Izmir Democracy University
(2019/03).

The paraffin block most suitable for immunohis-
tochemical (IHC) evaluation was selected. Firstly,
the slides, and then the blocks were labeled, and
cylindrical tissue samples with a diameter of 2
mm were harvested from donor blocks. Then,
microarray blocks were prepared using mapping
and addressing techniques.

IHC tests were performed using the streptavidin-
biotin peroxidase method (Invitrogen, Camarillo,
85-9043, USA). Serial 5-uym sections were obtai-
ned from prepared microarray blocks and placed
on slides which were baked overnight at 60°C,
dewaxed in xylene, and hydrated with distilled
water through decreasing concentrations of alco-
hol. All slides were treated with heat-induced
epitope retrieval procedure in a microwave. In
this procedure slides were left for 20 min in
10mMY/L citrate buffer at pH 6.0, cooled at room
temperature for 20 minutes, and then blocked to
retrieve endogenous peroxidase and biotin.
Purified monoclonal antibodies against ERG
(Ventana, Basel, Swiss, clone EPR3864, ready-to-
use kit) were used. Nuclear expression of ERG in
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endothelial cells in tumor tissue samples was
accepted as an internal control (Figure 1). The
pathologist who was blinded to the clinical featu-
res of the patients examined the slides and stai-
ning patterns were classified according to the
intensity or presence of staining. Strong nuclear
staining in tumor cells was evaluated as positive
ERG expression. Quantitative evaluation could
not be made because the staining pattern was
focal and not homogeneous.

Statistical analysis was performed using statistical
package of SPSS 25.0. For the comparison of the
quantitative data chi-square test was used. For
the comparison of parametric data, independent
samples t-test, and for nonparametric data Mann-
Whitney U test were used. For the comparison of
the measurements in more than 2 groups nonpa-
rametric Kruskal-Wallis test was employed.
P<0.05 was accepted as the level of statistical
significance.

RESULTS

In this study 172 patients gastrectomized with
the indication of gastric carcinoma were evalua-
ted. Fifty-seven (33.1%) patients were female and
115 patients (66.9%) were male. The mean age of
patients was 64+12.3 years (between 29 and 92
years). The patients were followed up for a mean
period of 25.3+ 22.8 months. Gastric carcinomas
were localized on cardia in 37 (21.5%), corpus in
75 (43.6%), and antrum/pylorus in 60 (34.8%)
cases. Mean diameter of the tumors was 5.8+3.2
cm (range: 1-15 cm). Their histopathological
subtypes consisted of poorly cohesive (n=57),
tubular (n=90), and mixed type (n=25) carcino-
mas. Local lymph node metastasis were detected
in 132 (76.7%) cases. Number of metastatic
lymph nodes ranged between 1, and 44 (mean:
6.6+ 8.7) nodes. Based on TNM classification, the
cases were evaluated in categories of T4 (n=59),
T3 (n=79), T2 (n=24), T1 (n=10), NO (n=34), N1
(n=36), N2 (n=41), N3a (n=38), and N3b (n=23).
Distant organ metastases were observed in 41
(23.8%) cases. Metastases were localized in liver
(n=18), lungs (n=13), peritoneum (n=8), and ova-
ries (n=2).
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Twenty-nine cases (16.9%) were evaluated as
HER2-positive using IHC and FISH methods in
combination, and all of these cases received tar-
geted therapy. HER2- positive tumors were loca-
lized in gastric cardia (n=5), corpus (n=19) or
pylorus (n=5). A statistically significant relations-
hip was not found between HER2 status and
tumor localization (p:0.539). Metastatic cases
were more numerous in HERZ-positive group
(61.1%) compared to the HER2 negative group
(25.6%). A statistically significant difference was
detected between HER2-positivity and metasta-
ses (p=0.042). Similarly, the rate of mortality in
the HER2-positive group (65.5%) was slightly
higher than the HER2-negative group (52.4%).
However, there was no statistically significant
difference between HER2 positivity, mortality
rates (p=0.197) and survival time (p=0.671).

The average ages of the patients with HER2-
positive, and HER2-negative tumors were 63.1,
and 64.2 years, respectively. The average tumor
diameters of HER2-positive and negative tumors
were 6.6 cm, and 5.7 cm, respectively. In sum-
mary, there was no statistically significant relati-

(v~ e ‘,’ £ »
P g8 & \
Figure 1. ERG expression observed only in endothelial cells
in tumor stroma (DABx 400).

Figure 2. Nuclear ERG expression in a tissue sample of tu-
bular gastric carcinoma (DABx 200).



S. Sayhan et al., Tissue Expression of ETS-Related Gene in Gastric Carcinomas

onship between HER2 status and age (p:0.670),
tumor size (p:0.199), lymph node metastasis
(p:0.875), and tumor stage (p:0.763).

In only 17 cases (9.9%) nuclear expressions of
ERG were detected in tumor cells (Figure 2). Any
significant relationship did not exist between ERG
expression and survival rates (p=0,257), age
(p:0.943), tumor size (p: 0.378), tumor location
(p:0.244), lymph node metastasis (p:0.575),
HER2 status (p:0.574), and tumor stage
(p:0.903).

DISCUSSION

Studies have shown that ETS proteins are nuclear
DNA-binding phosphoproteins that act as activa-
tors of transcription suppressors.'* Twenty-eight
out of 30 genes in the ETS family have been iden-
tified in the human genome. ERG, known as the
oncogene associated with this family which has
the potential to form new oncogenic proteins as
a result of some fusions in different tumors.'*
Today, one of the most studied tumors associated
with ERG is prostate adenocarcinoma. In more
than half of prostate adenocarcinomas, there is
fusion between ERG and the androgen-regulating
gene transmembrane protease, serine 2
(TMPSSR2).%!"" ERG fusion protein is thought to
stop maturation in early stem cells in the prostate
and initiate carcinogenesis. ERG fusion prostate
adenocarcinoma was first reported in 2005 by
Tomlins et al. and it has been indicated in the
literature that this fusion is seen up to 60 % of the
the cases with prostate carcinoma, especially in
western societies.>!'"'* In our study, we found
ERG expression only in 9.9% of the gastric carci-
nomas. There was no evidence indicating that
ERG expression contributes to the proliferative
capacity of gastric carcinomas.

It is seen that the rates of ERG expression found
in the literature vary widely, especially in cases
with prostate carcinoma. In different studies,
immunohistochemical ERG-positivity has been
reported between 10% and 68% in prostate ade-
nocarcinoma cases.''"'* Although ERG expression
is generally generally examined immunohistoc-
hemically in studies, some researchers have used

methods such as FISH and PCR.!'"'# This variability
in ERG expression rates can be thought to be due
to the selection of different ERG detection met-
hods. However, a strong correlation has been
reported between immunohistochemical met-
hods and FISH used in the detection of ERG exp-
ression in prostate tissue in terms of sensitivity
and specificity.!" Tumor heterogeneity may also
be important in the detection of varying ERG exp-
ression rates over a wide range. In our study, ERG
expression was detected only in a few tumor
specimens. Considering that ERG expression may
be heterogeneous, performing ERG examination
on different sections taken from different tumor
areas may increase the rate of ERG- positivity in
gastric carcinomas.

Variations in the expressions of ETS/ERG gene are
also important in the etiopathogenesis of Ewing
sarcoma (ES). Extraskeletal ES usually originates
in the deep soft tissues of the extremity, paraver-
tebral, retroperitoneal, mediastinal, head and
neck, and also thoracopulmonary (Askin tumor)
regions. Symptoms such as pain, swelling, fever,
weight loss, and indolence, and sensory or motor
disorders such as paralysis, incontinence, and
numbness in the neighborhood of the spinal regi-
on can be observed. EWSR1-FLI1 and EWSRI1-
ERG translocations, where the EWSR1 gene loca-
lized on the chromosome 22 and the ETS gene
family join, is important in its pathogenesis. These
translocations are the original diagnostic findings
in differentiating ES from other round cell malig-
nant tumors.'*>'® However, ES was not considered
in the differential diagnosis of gastric carcino-
mas.

ERG, a gene defined at the most common break-
point on chromosome 21 in AML, encodes a
protein that has a regulatory role in the lower
steps of the mitogenic signaling pathway. In
AML, FUS/ERG fusion resulting from t (16; 21)
(p11; g22) is associated with a poor prognosis.'’
In addition, it has been shown that overexpressi-
on of ERG is a risk factor in adult patients with
ALL.'® Most hematological malignancies are very
different from gastric carcinomas in their clinical
course and rarely fall under the scope of cancers
that require differential diagnosis. Since only
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myeloid sarcoma forms a solid tumor, clinical
overlap may exist.'®

ERG expression can be reliably determined by
immunohistochemical methods. Since there is no
ERG expression in benign prostate tissue and
stromal cells, detection of ERG- positivity sup-
ports the diagnosis of prostate carcinoma. ERG
expression in normal prostate tissue can only be
observed in endothelial cells. ERG can also be
evaluated using fluorescence in situ hybridization
(FISH) method or PCR. It is reported in the litera-
ture that there is no difference between FISH and
IHC in terms of detecting ERG expression. '3

This study is one of the rare studies concerning
ERG expression in gastric carcinomas. Although
the relationship between ERG expression and
prostate cancer has been established, ERG exp-
ression in gastric cancers has not been evaluated
before. In our study, very low levels of ERG exp-
ression were detected in gastric carcinomas, and
there was no relationship between prognostic
factors. In the present study, we hoped that ERG
may be used to predict the prognosis of gastric
cancers. However, ERG could not predict the
behavior of gastric tumors.

Ethics Committee Approval: The study protocol
was approved by the Local Ethics Committee of
Izmir Democracy University (2019/03).

Conflict of Interest: No conflict of interest has
been declared by the authors.

Funding: The authors of this research did not re-
ceive any specific grant from any funding agency
in the public, commercial, or not-for-profit sec-
tors.

Informed Consent: As the study was retrospecti-
ve, consent was not obtained from the patients.

REFERENCES

1. Meadows SM, Myers CT, Krieg PA. Regulation of
endothelial cell development by ETS transcription
factors. Semin Cell Dev Biol. 2011;22(9):976-84.
doi.org/10.1016/j.semcdb.2011.09.009

2. Birdsey GM, Dryden NH, Amsellem V, Gebhardt F,
Sahnan K, Haskard DO, Dejana E, Mason ]JC, Randi
AM. Transcription factor Erg regulates angiogenesis
and endothelial apoptosis through VE-cadherin.
Blood. 2008;111(7):3498-506. doi.org/10.1182/

94

Forbes | Med 2020;1(1):90-5

blood-2007-08-105346

3. Vijayaraj P, Le Bras A, Mitchell N, Kondo M, Juliao
S, Wasserman M, Bet al. Erg is a crucial regulator of
endocardial-mesenchymal transformation during
cardiac valve morphogenesis. Development.
2012;139(21):3973-85. doi.org/10.1242/
dev.081596

4. Maroulakou IG, Bowe DB. Expression and function
of Ets transcription factors in mammalian develop-
ment: a regulatory network Oncogene.
2000;19(55):6432-42. doi.org/10.1038/sj.
onc.1204039

5. Seth A, Watson DK. ETS transcription factors and
their emerging roles in human cancer. Eur ] Cancer.
2005;41(16):2462-78. doi.org/10.1016/j.
ejca.2005.08.013

6. Blee AM, Huang H. ERG-Mediated Cell Invasion: A
Link between Development and Tumorigenesis.
Med Epigenet. 2015;3:19-209. doi.
org/10.1159/000440978

7. Kim JW, Nam KH, Ahn SH, Park D], Kim HH, Kim
SH, et al. Prognostic implications of immunosupp-
ressive protein expression in tumors as well as
immune cell infitration within the tumor microenvi-
ronment in gastric cancer. Gastric Cancer.
2016;19(1):42-52. doi.org/10.1007/s10120-014-
0440-5

8. Quail DF, Joyce JA. Microenvironmental regulation
of tumor progression and metastasis. Nat Med.
2013;19:1423-37. doi.org/10.1038/nm.3394.
PMID:24202395.

9. WenT Wang Z, Li Y, Li Z, Che X, Fan Y, et al. A
four-factor immunoscore system that predicts clini-
cal out-come for stage I/ lll gastric cancer. Cancer
Immunol Res. 2017;5:524-34. doi.
org/10.1158/2326-6066.CIR-16-0381.
PMID:28619967.

10. Tsutsumi S, Kuwano H, Nagashima N, Shimura T,
Mochiki E, Asao T. Ets-1 expression in gastric can-
cer. Hepatogastroenterology. 2005;52(62):654-6.
PMID: 15816498.

11.Yu ], Yu ], Mani RS, Cao Q, Brenner CJ, Cao X, et al.
An integrated network of androgen receptor, poly-
comb, and TMPRSS2-ERG gene fusions in prostate
cancer progression. Cancer Cell. 2010;17(5):443-
54. doi.org/10.1016/j.ccr.2010.03.018

12. Adamo P, Ladomery MR. The oncogene ERG: a key
factorinprostate cancer.Oncogene.2016;35(4):403-
14. doi.org/10.1038/0nc.2015.109

13. Navaei AH, Walter BA, Moreno V, Pack SD, Pinto P,
Merino MJ. Correlation between ERG Fusion Protein
and Androgen Receptor Expression by
Immunohistochemistry in Prostate, Possible Role in
Diagnosis and Therapy. ] Cancer. 2017;8(13):2604-
13. doi.org/10.7150/jca.16751

14. Albero-Gonzélez R, Hernandez-Llodra S, Juanpere
N, Lorenzo M, Lloret A, Segalés L, et al
Immunohistochemical expression of mismatch
repair proteins (MSH2, MSH6, MLH1, and PMS2)
in prostate cancer: correlation with grade groups
(WHO 2016) and ERG and PTEN status. Virchows
Arch. 2019;475(2):223-31. doi: 10.1007/s00428-
019-02591-z.

15.Tomlins SA, Palanisamy N, Brenner JC, Stall ]N,



S. Sayhan et al., Tissue Expression of ETS-Related Gene in Gastric Carcinomas

Siddiqui J, Thomas DG, et al. Usefulness of a
monoclonal ERG/FLI1 antibody for immunohistoc-
hemical discrimination of Ewing family tumors. Am
J Clin Pathol. 2013;139(6):771-9. doi.org/10.1309/
AJCPN4L1BMRQPEIT

16.Chen S, Deniz K, Sung YS, Zhang L, Dry S,
Antonescu CR. Ewing sarcoma with ERG gene rear-
rangements: A molecular study focusing on the
prevalence of FUS-ERG and common pitfalls in
detecting EWSR1-ERG fusions by FISH. Genes
Chromosomes Cancer. 2016;55(4):340-9. doi.
org/10.1002/gcc.22336

17.Buchanan |, Tirado CA. A t(16;21)(p11;q22) in
Acute Myeloid Leukemia (AML) Resulting in Fusion

of the FUS/TLS and ERG Genes: A Review of the
Literature. | Assoc Genet Technol. 2016;42(1):24-
33-9.

18. Yurdr Kutlay N, Tuncah T, Karabulut HG, Sadeghi F,
Akalin i, Saglam B, Ruhi HI, Vicdan A, Tikiin A.
Akut Miyeloid Lésemide Kromozomal Anomaliler:
Tek Merkezden 417 Olgunun Sitogenetik Sonuglari.
Ankara Universitesi Tip Fakiltesi Mecmuasi 2017;70
(1). doi.org/10.1501/Tipfak_0000000962

19. Atay D, Tirkkan E, Terzi O, Baris S, Adal SE. Ekstra-
ve Intrakranial Kitleler ile Basvuran Graniilositik
Sarkom. Okmeydani Tip Dergisi. 2012;8(1):45-8.
doi.org/10.5222/0td.2012.045

95



