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Summary

Background: Triple-negative breast carcinomas (TNBC) are a heterogeneous group of tumors
with mostly aggressive behaviour and poor prognosis. In association with their aggressive be-
havior and chemoresistance to treatment, the concept of epithelial-mesenchymal transition
(EMT) has come to the fore. CD9 and CD29 proteins are associated with EMT and may play a role
in TNBC progression. Our aim was to investigate association of these markers with the lymph
node metastasis, tumor grade, proliferative activity, and patient survival. Patients and methods:
Our cohort consisted of 66 TNBC patients without neoadjuvant therapy, aged 26-81 years. The
pathological tumor stages ranged from pT1b to pT3 and histological grades ranged from Il to
1, according to the Bloom-Richardson system. Immunohistochemical evaluation of CD9, CD29,
E-cadherin, vimentin, androgen receptor and Ki-67 expression was performed semiquantita-
tively using the H-score. Expression of the proteins was statistically evaluated in relation to
the clinicopathological parameters and survival of the patients. Results: We observed lower
expression of CD9 in lymph node metastases compared to the primary tumor (P = 0.021).
The CD29 expression in primary tumor was significantly lower in patients with lymph node
metastases compared to patients without cancer dissemination (P = 0.03). Neither CD9 nor
CD29 protein expression was associated with breast cancer-specific survival (BCSS). Lower ex-
pression of E-cadherin at the periphery of the primary tumor was associated with worse BCSS
(P =0.038). Neither grade nor the presence of lymph node metastases reached significant asso-
ciation with the BCSS. Lower expression of E-cadherin at the periphery was also associated with
higher Ki67 (Rs —0.26) and vimentin (Rs —0.33). Conclusion: Decreased protein expression of
CD9 and CD29 were associated with lymph node metastasis growth, however, their association
with survival was not proved. Lower expression of E-cadherin at the periphery of the primary
tumor was associated with high proliferation and poor breast cancer-specific survival.
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Souhrn

Vychodiska: Triple-negativni karcinomy prsu (TNBC) jsou heterogenni skupinou nadoru s pfevazné agresivnim chovanim a $patnou prognézou.
V souvislosti s jejich agresivnim chovanim a chemorezistenci vici lé¢bé se do popredi dostal koncept epitelo-mezenchymové tranzice (EMT). Pro-
teiny CD9 a CD29 jsou spojeny s EMT a mohou hrat roli v progresi TNBC. Nasim cilem bylo prozkoumat asociaci téchto markerd s metastazami do
lymfatickych uzlin, gradingem tumoru, proliferacni aktivitou a prezitim pacientd. Pacienti a metody: Nas soubor tvofilo 66 pacientek s TNBC bez
neoadjuvantni terapie ve véku 26-81 let. Patologické stadium nadoru se pohybovalo od pT1b do pT3 a histologicky stuperi od Il do lll podle sys-
tému Bloom-Richardson. Imunohistochemické hodnoceni exprese CD9, CD29, E-cadherinu, vimentinu, androgenového receptoru a Ki-67 bylo
provedeno semikvantitativné pomoci H-skére. Exprese proteinl byla statisticky hodnocena ve vztahu ke klinicko-patologickym parametrdm
a preziti pacientl. Vysledky: Pozorovali jsme nizsi expresi CD9 v metastazach lymfatickych uzlin ve srovnéni s primarnim nadorem (p = 0,021).
Exprese CD29 v priméarnim nadoru byla signifikantné nizsi u pacient s metastazami v lymfatickych uzlinach ve srovnani s pacienty bez disemi-
nace (p =0,03). Ani exprese CD9 ani CD29 proteinu nebyla spojena s prezitim specifickym pro karcinom prsu (BCSS). Nizsi exprese E-cadherinu na
periferii primarniho tumoru byla spojena s horsim BCSS (p = 0,038). Pro grading ani pfitomnost metastaz v lymfatickych uzlindch nebyl nalezen
signifikantni vztah s BCSS. Nizsi exprese E-cadherinu na periferii byla také spojena s vyssi hladinou Ki67 (Rs —0,26) a vimentinu (Rs —0,33). Zdvér:
SniZzena exprese proteint CD9 a CD29 byla spojena s ristem metastaz v lymfatickych uzlinach, avsak jejich souvislost s piezitim nebyla proka-
zana. Nizsi exprese E-cadherinu na periferii primarniho nadoru byla spojena s vysokou proliferaci a Spatnym nadorové specifickym prezitim.
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Introduction

Mammary carcinomas stand out as the
most prevalent malignancy affecting
women, constituting approximately 24%
of all malignancies globally [1]. Among
these, triple-negative breast cancers
(TNBC) form a highly diverse group of
tumors, known for their aggressive na-
ture [2]. Recurrent TNBCs result in signif-
icantly poorer long-term survival rates

and an unfavorable prognosis compared
to non-TNBC cases [3-6]. TNBC presents
a significant clinical challenge due to its
resistance to endocrine hormone ther-
apy and other targeted treatments cur-
rently available. Ongoing research in
TNBC primarily focuses on identifying
novel proteins suitable for effective tar-
geted cancer therapy [3] and discover-
ing new prognostic markers.

One prominent exosomal marker
under investigation is the tetraspanin
protein CD9, which plays a crucial role
in modulating cell adhesion, migration,
proliferation, and vesicular transport
processes, including exosomes [7,8].
CD9 plays a key role in interactions be-
tween tumor cells and the stromal mic-
roenvironment and has a major impact
on tumor growth and metastasis. We

have recently reviewed all immunohis-
tochemical studies in different solid can-
cers; however, we concluded that CD9 is
not clearly associated with either tumor

Tab. 1. Clinicopathological features of triple negative breast cancer cohort (N = 66).

Parameters N % Tumor grade suppression or promotion [9]. Additio-
Age (range 26-81 years) G1 3 45 nally, CD29, also known as B1-integrin,
<40 9 136 G2 1 167 serves as a cell surface protein receptor
> 40 57 864 o3 5 788 encoded by the ITGB1 gene, belgnglng
to the collagen receptor family. It is com-

Histological subtype Lymph node status monly referred to as an epithelial-me-
invasive cancer, 53 80.3 negative 49 742 senchymal transition (EMT) marker [10].

no special type CD29 regulates various biological

positive 17 25.8 . . . .

apocrine cancer 8 121 processes, including cell proliferation,
) i Recurrence survival, and migration [11,12].

adenoid cystic cancer 2 3 s .
present 18 273 EMT, the epithelial-mesenchymal transi-
adenosquamous cancer 2 3 Sbsent 36 545 tion, is a phenomenon closely associated
salivary like, 1 15 ' with malignant tumor progression and
no special type not available 12 182 metastasis [13]. It enables a polarized epi-
Tumor size Survival 66 thelial cell, typically anchored to the base-
oT1b I dead 12 182 ment membra.me, to undergo l?lochemlcal
changes, leading to the adoption of a me-
pTic 27 41 dead from cancer 10152 senchymal cell phenotype. This transfor-
pT2 28 424 alive 42 63.6 mation includes heightened migratory ca-
oT3 1 15 not available 12 182 pacity, invasiveness, |.ncreased resistance
to apoptosis, and significantly augmented
\_ _/ production of extracellular matrix compo-
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N

Fig. 1. An example of high expression of CD9 in the primary tumor and low level in the lymph node metastasis from the same pa-
tient. Extracellular positivity of CD9 was occasionally observed (indicated by asterisk). The lower panel shows an example of high CD29
expression in a primary tumor without dissemination and low expression of CD29 in a patient with lymph node metastasis. Magnifica-

tion 100x.

nents, collectively forming the tumor mic-
roenvironment [13-15]. EMT frequently
accompanies the progression of TNBC
and contributes to its resistance to cancer
therapy [2].

We have previously found by flow cy-
tometry a decreased CD9 and CD29 ex-
pression in breast cancer cells that
underwent EMT [16]. We now aimed
to investigate CD9 and CD29 expres-
sion along with E-cadherin and vimen-
tin (EMT markers) in a cohort of 66 TNBC
patients without neoadjuvant therapy.
The formalin-fixed paraffin-embedded
(FFPE) samples from primary tumors
were carefully selected and lymph node
metastases were also included from
17 patients. Importantly, information on

the clinical follow-up and survival of the
patients was chased up.

Patients and methods

Patients characteristics

Our cohort (Tab. 1) consisted of 66 pa-
tients with triple-negative breast can-
cer diagnosed from biopsy of surgical
specimens of breast (quadrantectomy
or mastectomy samples from Univer-
sity Hospital Ostrava, AGEL Hospital Os-
trava-Vitkovice, Hospital Karvina-Réj and
EUC Klinika Kladno), which were exam-
ined during the years 2013-2022. The
patients’ age ranged from 26 to 81 years,
with pathological tumor stages rang-
ing from pT1b to pT3 and histological
grades ranging from Il to lll according to

the Bloom-Richardson system. Patients
who received neoadjuvant therapy were
excluded from the study. TNBC was de-
fined as carcinomas showing simulta-
neous immunohistochemical negativity
for estrogen and progesterone recep-
tors, Her2/neu, and confirmed negativ-
ity through genetic fluorescent in situ
hybridization (FISH). The series included
53 tumors with invasive carcinoma of the
NST type, 8 apocrine carcinomas, 2 ade-
noid cystic carcinomas, 2 adenosqua-
mous carcinomas, and 1 “salivary-like”
carcinoma without further specification.

Immunohistochemistry
Tissue samples were fixed in 10% forma-
lin and embedded in paraffin, then they

52

Klin Onkol 2024; 37(1): 50-56




IMMUNOHISTOCHEMICAL ANALYSIS OF CD9, CD29 AND EPITHELIAL TO MESENCHYMAL TRANSITION

e N
A B
00 (e T8O (v e et
® median B median
160 4444444444444444444 e s
250 | W 25-75% M 25-75%
I min—max 140 |- I min—max
200 oo 120 |
g
v o
—_ 100 4444444444444444444444444444444444444444444444444444444444444444
S 150 3
o | BB g0
g £
< (o))
8 100 8 GO o e
U U
50 40 444444444444444444444444444444444444444444444444444444
20 444444444444444444444444444444444444444444444444444444
0
0 4444444444444444444444444444444444444444444444
=50 -20
primary LN loc met
stage
C
1’0 .-++.. 4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
— E-cadherin low
""" E-cadherin high
0’9 +: 444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
o
c .
£ :
> [ R e T TR L L L e L L L LT L ST +
2
p 0’8 4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
kel
S
a
o
I
2
5 0,7 4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
©
S
1S
o]
v
0’6 44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
e complete + censored
0,5
0 20 40 60 80 100 120 140
time [months]

= J
Graph 1. Relationship of CD9, CD29 and E-cadherin to lymph node metastasis and breast cancer specific survival (BCSS). A) The ex-
pression of CD9 was significantly higher in primary tumors compared to lymph node metastases (P = 0.021). B) The expression of CD29
was significantly higher in patients with localized disease compared to tumors with lymph node metastases (P = 0.030). C) The lower ex-
pression of E-cadherin at the periphery of the primary tumor was associated with worse BCSS (P = 0.038). The box-plots represent 25-75
percentiles, median and range of values.

LN - lymph nodes
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Fig. 2. An example of triple negative breast cancer. The tumor consists of solid groups of cells and displays low expression of E-cadhe-
rin at the periphery of the tumor and high expression of vimentin and Ki67. Magnification 100x (for hematoxylin-eosin staining and for
immunohistochemical staining of proteins).

were cut into 2-3-um sections. Selected
proteins were investigated by indirect im-
munohistochemistry using specific mon-
oclonal antibodies: rabbit anti-CD9 (clone
EPR 2949, diluted 1 : 2,000; Abcam), mon-
oclonal rabbit CD29 antibodies (clone
EP1041Y, diluted 1 : 2,000; Abcam),
mouse anti-E-cadherin (clone NCH-38, di-
luted 1 : 50, Dako), mouse anti-vimentin
(clone V9, diluted 1 : 100, Dako), and anti-
Ki67 (clone 30-9, Ventana).

The immunohistochemical assess-
ment of CD9 and CD29 expression was
performed semiquantitatively using the
H (histo) score, which included percen-
tage of positivity and a 4-level grading
of staining intensity: 0 — no expression,
1- low intensity, 2 — moderate inten-
sity, 3 — strong intensity. Protein expre-

ssion was monitored in the tumor cen-
ter and its periphery, both in tumor cells
and stroma, simultaneously with its pre-
sence in lymphocytes and further in the
surrounding non-tumor breast tissue.

Statistical analysis

The results were statistically evaluated
using the Mann-Whitney U test, the Wil-
coxon test, and the Spearman’s rank cor-
relation coefficient along with the Kaplan-
Meier survival analysis with the log-rank
test (STATISTICA 12, TIBCO Software).

Results

An immunohistochemical study was
conducted on a cohort of 66 TNBC pa-
tients without neoadjuvant therapy
(Tab. 1). Most patients with high-grade

tumors received adjuvant chemother-
apy with anthracycline-cyclophospha-
mide and taxanes. One patient was
treated with carboplatin and gem-
citabine, and two patients received
capecitabine. Information on the clini-
cal follow-up and survival of the patients
was chased up. Breast cancer specific
survival (BCSS) was defined as the time
from diagnosis to death from breast can-
cer, while overall survival (OS) was re-
lated to death from any cause.

We found a significant decrease in
CD9 expression in nodal metastases
in comparison to primary carcinomas
(P = 0.021) (Fig. 1, Graph 1A). Interes-
tingly, we also observed an extracellu-
lar CD9 positivity (Fig. 1) which was ma-
nifested in majority of grade 3 tumors
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Tab. 2. Major findings of the study.

CD9
son to primary carcinomas.

(16 out of 17 cases).
CD29

tumors.

E-cadherin
and vimentin levels.

poor breast cancer-specific survival.
Ki67

expression.

We found a significant decrease in CD9 expression in nodal metastases in compari-

The extracellular CD9 positivity was manifested in majority of grade 3 tumors

The predominant membrane expression of CD29 in tumor cells was significantly
lower in carcinomas forming lymphatic metastases compared to localized pTNO

The diminished E-cadherin expression at the periphery correlated with higher Ki67

The reduced E-cadherin at the periphery of primary tumors was associated with

The strong association with high grade of tumor was observed for high Ki67

/

(16 out of 17 cases); however, it did not
associate with nodal positivity or higher
pT stages. Expression of CD9 was also
found in lymphocytes, which was signi-
ficantly higher in grade 3 tumors in com-
parison with grades 1 and 2 (P = 0.011).
As expected, strong association with
a high grade was observed for a high
Ki67 proliferation marker (P < 0.001).

The CD29 marker demonstrated both
cytoplasmic and membrane expression.
The predominant membrane expression
of CD29 in tumor cells was significantly
lower in carcinomas forming lymphatic
metastases (P = 0.030) compared to lo-
calized pTNO tumors (Fig. 1 and Graph
1B). Neither CD29 nor CD9 expression
was associated with survival. Impor-
tantly, reduced E-cadherin expression
at the periphery of primary tumors co-
rrelated with poor BCSS (P = 0.038)
(Graph 1Cand Fig. 2). Moreover, we esta-
blished associations between E-cadhe-
rin, vimentin, and proliferation marker
Ki67. Diminished E-cadherin expression
at the periphery correlated with higher
Ki67 (Rs —0.26) and vimentin (Rs —0.33)
levels (Fig. 2). The most important results
are also summarized in Tab. 2.

Discussion
Our study unveiled a diminished expres-
sion of CD9 in nodal metastases, con-

sistent with existing literature [17,18].
CD9 has been extensively studied as
a prognostic marker for solid tumors.
Majority of studies indicate a worse
prognosis for CD9-low tumors compared
to those with high expression [19-24].
However, conflicting results have also
been documented [25-27]. Although we
observed low expression in lymph node
metastases, CD9 was not significantly
associated with breast cancer specific
survival.

We have also observed an extrace-
llular CD9 positivity which may be ex-
plained by CD9 presence in membranes
of exosomes, microvesicles, or apop-
totic bodies [28]. Further exploration
could involve alternative staining meth-
ods like TUNEL for apoptosis, or moni-
toring other markers of exosomes and
microvesicles.

Another significant finding of our
study is the association of low CD29 ex-
pression with positivity of lymph node
metastases. This may agree with our
previous observation of a decreased
CD9 and CD29 expression in breast
cancer cells that underwent EMT [16].
In this sense, loss of CD29 attenuated
breast tumor growth but markedly en-
hanced tumor cell dissemination to the
lungs [29]. These findings reveal that
CD29 control a signaling network that

promotes an epithelial phenotype and
suppresses dissemination and indicate
that targeting B1-integrins may have
undesirable effects in TNBC. Still, other
studies indicate worse survival of TNBC
patients with high CD29 expression and
targeted therapy is being tested [30,31]

The prominent marker of EMT is loss
of E-cadherin which was associated with
worse breast cancer specific survival in
our study. Diminished E-cadherin expre-
ssion at the periphery also correlated
with higher Ki67 and vimentin levels. Se-
veral other studies described poor survi-
val of TNBC patients with low E-cadhe-
rin expression [32-34] These results are
also in line with our recent mass cyto-
metry single cell analysis of fresh TNBC
tissues [35] EMT score was calculated
from epithelial (EpCAM + CD49f + CD9)
and mesenchymal markers (vimen-
tin + aSMA + CD44) for each cancer
cell in the sample and it well associa-
ted with proliferation and lymph node
colonization.

Conclusion

Decreased expression CD9 and CD29
were associated with lymph node me-
tastasis growth, however, their asso-
ciation with EMT and survival was not
proved. Lower expression of E-cadherin
at the periphery of the primary tumor
was associated with high proliferation
and poor breast cancer specific survival.

References

1. Bray F, Ferlay J, Soerjomataram | et al. Global cancer sta-
tistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Can-
cer J Clin 2018; 68(6): 394-424. doi: 10.3322/caac.21492.
2. Kvokackova B, Remsik J, Jolly MK et al. Phenotypic het-
erogeneity of triple-negative breast cancer mediated by
epithelial-mesenchymal plasticity. Cancers (Basel) 2021;
13(9): 2188. doi: 10.3390/cancers13092188.

3. Allison KH, Brogi E, Ellis IO et al. Invasive breast carci-
noma: general overview. In: Allison KH, Brogi E, Ellis 1O
et al. WHO Classification of Tumours. Breast tumours 5th
Edition. Lyon: International Agency for Research on Can-
cer2019:82-101.

4. Bauer KR, Brown M, Cress RD et al. Descriptive analy-
sis of estrogen receptor (ER)-negative, progesterone re-
ceptor (PR)-negative, and HER2-negative invasive breast
cancer, the so-called triple-negative phenotype: a pop-
ulation-based study from the California cancer registry.
Cancer 2007; 109(9): 1721-1728. doi: 10.1002/cncr.22618.
5. Blows FM, Driver KE, Schmidt MK et al. Subtyping of
breast cancer by immunohistochemistry to investigate
a relationship between subtype and short and long term
survival: a collaborative analysis of data for 10,159 cases
from 12 studies. PLoS Med 2010; 7(5): €1000279. doi:
10.1371/journal.pomed.1000279.

Klin Onkol 2024; 37(1): 50-56

55




IMMUNOHISTOCHEMICAL ANALYSIS OF CD9, CD29 AND EPITHELIAL TO MESENCHYMAL TRANSITION

6. Liedtke C, Mazouni C, Hess KR et al. Response to neoad-
juvant therapy and long-term survival in patients with
triple-negative breast cancer. J Clin Oncol 2008; 26(8):
1275-1281. doi: 10.1200/JCO.2007.14.4147.

7. Ekstrom K, Crescitelli R, Pétursson Hl et al. Characteriza-
tion of surface markers on extracellular vesicles isolated
from lymphatic exudate from patients with breast can-
cer. BMC Cancer 2022; 22(1): 50. doi: 10.1186/512885-021-
08870-w.

8. Yoshioka Y, Konishi Y, Kosaka N et al. Comparative
marker analysis of extracellular vesicles in different
human cancer types. J Extracell Vesicles 2013; 2: 20424.
doi: 10.3402/jev.v2i0.20424.

9. Ondrussek R, Kvokackové B, Krystofové K et al. Prog-
nostic value and multifaceted roles of tetraspanin
CD9 in cancer. Front Oncol 2023; 13: 1140738. doi:
10.3389/fonc.2023.1140738.

10. Geng S, Guo Y, Wang Q et al. Cancer stem-like cells
enriched with CD29 and CD44 markers exhibit molecu-
lar characteristics with epithelial-mesenchymal transition
in squamous cell carcinoma. Arch Dermatol Res 2013;
305(1): 35-47. doi: 10.1007/500403-012-1260-2.

11. Clark EA, Brugge JS, Juliano RL et al. Signal transduc-
tion from the extracellular matrix. J Cell Biol 1993; 120(3):
577-585. doi: 10.1083/jcb.120.3.577.

12. Clark EA, Brugge JS. Integrins and signal transduc-
tion pathways: the road taken. Science 1995; 268(5208):
233-239.doi: 10.1126/science.7716514.

13. Kalluri R, Neilson EG. Epithelial-mesenchymal tran-
sition and its implications for fibrosis. J Clin Invest 2003;
112(12): 1776-1784. doi: 10.1172/JC120530.

14. Kalluri R, Weinberg RA. The basics of epithelial-mesen-
chymal transition. J Clin Invest 2009; 119(6): 1420-1428.
doi: 10.1172/JCI39104.

15. Kokkinos MI, Wafai R, Wong MK et al. Vimentin and
epithelial-mesenchymal transition in human breast can-
cer — observations in vitro and in vivo. Cells Tissues Or-
gans 2007; 185(1-3): 191-203. doi: 10.1159/000101
320.

16. Remsik J, Fedr R, Navrétil J et al. Plasticity and intratu-
moural heterogeneity of cell surface antigen expression

in breast cancer. Br J Cancer 2018; 118(6): 813-819. doi:
10.1038/bjc.2017.497.

17. Miyake M, Nakano K, leki Y et al. Motility related pro-
tein 1 (MRP-1/CD9) expression: inverse correlation with
metastases in breast cancer. Cancer Res 1995; 55(18):
4127-4131.

18. Zoller M. Tetraspanins: push and pull in suppressing
and promoting metastasis. Nat Rev Cancer 2009; 9(1): 40—
55.doi: 10.1038/nrc2543.

19. Arihiro K, Kaneko M, Fujii S et al. Loss of CD9 with ex-
pression of CD31 and VEGF in breast carcinoma, as pre-
dictive factors of lymph node metastasis. Breast Cancer
1998; 5(2): 131-138. doi: 10.1007/BF02966685.

20. Houle CD, Ding X-Y, Foley JF et al. Loss of expression
and altered localization of KAIT and CD9 protein are as-
sociated with epithelial ovarian cancer progression. Gy-
necol Oncol 2002; 86(1): 69-78. doi: 10.1006/gyno.2002.
6729.

21. Sauer G, Windisch J, Kurzeder C et al. Progression
of cervical carcinomas is associated with down-regu-
lation of CD9 but strong local re-expression at sites of
transendothelial invasion. Clin Cancer Res 2003; 9(17):
6426-6431.

22. Mhawech P, Herrmann F, Coassin M et al. Motility-
related protein 1 (MRP-1/CD9) expression in urothelial
bladder carcinoma and its relation to tumor recurrence
and progression. Cancer 2003; 98(8): 1649-1657. doi:
10.1002/cncr.11698.

23. Hashida H, Takabayashi A, Tokuhara T et al. Clinical
significance of transmembrane 4 superfamily in colon
cancer. Br J Cancer 2003; 89(1): 158-167. doi: 10.1038/sj.
bjc.6601015.

24. Amatya VJ, Takeshima Y, Aoe K et al. CD9 expression
as a favorable prognostic marker for patients with malig-
nant mesothelioma. Oncol Rep 2013; 29(1): 21-28. doi:
10.3892/0r.2012.2116.

25. Kwon HJ, Choi JE, Kang SH et al. Prognostic signifi-
cance of CD9 expression differs between tumour cells
and stromal immune cells, and depends on the molec-
ular subtype of the invasive breast carcinoma. Histopa-
thology (2017); 70(7): 1155-1165. doi: 10.1111/his.13184.

26. Kim T, Kim Y, Kwon HJ. Expression of CD9 and CD82 in
papillary thyroid microcarcinoma and its prognostic sig-
nificance. Endokrynol Pol (2019); 70(3): 224-231. doi:
10.5603/EPa2019.0009.

27. Lucarini G, Molinelli E, Licini C et al. Tetraspanin
CD9 expression predicts sentinel node status in patients
with cutaneous melanoma. Int J Mol Sci (2022); 23(9):
4775. doi: 10.3390/ijms23094775.

28. Gregory CD, Rimmer MP. Extracellular vesicles aris-
ing from apoptosis: forms, functions, and applications.
J Pathol 2023; 260(5): 592-608. doi: 10.1002/path.6138.
29.Truong HH, Xiong J, Ghotra VPS et al. Beta1 integrin in-
hibition elicits a prometastatic switch through the TGF-
beta-miR-200-ZEB network in E-cadherin-positive triple-
negative breast cancer. Sci Signal 2014; 7(312): ra15. doi:
10.1126/scisignal.2004751.

30. Yin H-L, Wu C-C, Lin C-H et al. Betal integrin as
a prognostic and predictive marker in triple-nega-
tive breast cancer. Int J Mol Sci 2016; 17(9): 1432. doi:
10.3390/ijms17091432.

31. Pleiko K, Haugas M, Parfejevs V et al. Targeting triple-
negative breast cancer cells with a betal-integrin bind-
ing aptamer. Mol Ther Nucleic Acids 2023; 33: 871-884.
doi: 10.1016/j.0mtn.2023.08.015.

32. Zhang W-J, Wang X-H, Gao S-T et al. Tumor-associated
macrophages correlate with phenomenon of epithelial-
mesenchymal transition and contribute to poor progno-
sis in triple-negative breast cancer patients. J Surg Res
2018;222:93-101. doi: 10.1016/},j55.2017.09.035.

33.Tang D, Xu S, Zhang Q et al. The expression and clini-
cal significance of the androgen receptor and E-cadherin
in triple-negative breast cancer. Med Oncol 2012; 29(2):
526-533. doi: 10.1007/512032-011-9948-2.

34. Kashiwagi S, Yashiro M, Takashima T et al. Significance
of E-cadherin expression in triple-negative breast can-
cer. Br J Cancer 2010; 103(2): 249-255. doi: 10.1038/sj.
bjc.6605735.

35. Kvokackova B, Fedr R, Kuzilkové D et al. Single-cell pro-
tein profiling defines cell populations associated with tri-
ple-negative breast cancer aggressiveness. Mol Oncol
2023; 17(6): 1024-1040. doi: 10.1002/1878-0261.13365.

56

Klin Onkol 2024; 37(1): 50-56




