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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 II to 
III, 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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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 
suppression or promotion  [9]. Additio-
nally, CD29, also known as b1-integrin, 
serves as a cell surface protein receptor 
encoded by the ITGB1 gene, belonging 
to the collagen receptor family. It is com
monly referred to as an epithelial-me-
senchymal transition (EMT) marker [10]. 
CD29  regulates various biological 
processes, including cell proliferation, 
survival, and migration [11,12].

EMT, the epithelial-mesenchymal transi-
tion, is a phenomenon closely associated 
with malignant tumor progression and 
metastasis [13]. It enables a polarized epi-
thelial cell, typically anchored to the base-
ment membrane, to undergo biochemical 
changes, leading to the adoption of a me-
senchymal cell phenotype. This transfor-
mation includes heightened migratory ca-
pacity, invasiveness, increased resistance 
to apoptosis, and significantly augmented 
production of extracellular matrix compo-

Souhrn
Východiska: Triple-negativní karcinomy prsu (TNBC) jsou heterogenní skupinou nádorů s převážně agresivním chováním a špatnou prognózou. 
V souvislosti s jejich agresivním chováním a chemorezistencí vůči léčbě se do popředí dostal koncept epitelo-mezenchymové tranzice (EMT). Pro-
teiny CD9 a CD29 jsou spojeny s EMT a mohou hrát roli v progresi TNBC. Naším cílem bylo prozkoumat asociaci těchto markerů s metastázami do 
lymfatických uzlin, gradingem tumoru, proliferační aktivitou a přežitím pacientů. Pacienti a metody: Náš soubor tvořilo 66 pacientek s TNBC bez 
neoadjuvantní terapie ve věku 26–81 let. Patologické stadium nádoru se pohybovalo od pT1b do pT3 a histologický stupeň od II do III podle sys-
tému Bloom-Richardson. Imunohistochemické hodnocení exprese CD9, CD29, E-cadherinu, vimentinu, androgenového receptoru a Ki-67 bylo 
provedeno semikvantitativně pomocí H-skóre. Exprese proteinů byla statisticky hodnocena ve vztahu ke klinicko-patologickým parametrům 
a přežití pacientů. Výsledky: Pozorovali jsme nižší expresi CD9 v metastázách lymfatických uzlin ve srovnání s primárním nádorem (p = 0,021). 
Exprese CD29 v primárním nádoru byla signifikantně nižší u pacientů s metastázami v lymfatických uzlinách ve srovnání s pacienty bez disemi-
nace (p = 0,03). Ani exprese CD9 ani CD29 proteinu nebyla spojena s přežitím specifickým pro karcinom prsu (BCSS). Nižší exprese E-cadherinu na 
periferii primárního tumoru byla spojena s horším BCSS (p = 0,038). Pro grading ani přítomnost metastáz v lymfatických uzlinách nebyl nalezen 
signifikantní vztah s BCSS. Nižší exprese E-cadherinu na periferii byla také spojena s vyšší hladinou Ki67 (Rs −0,26) a vimentinu (Rs −0,33). Závěr: 
Snížená exprese proteinů CD9 a CD29 byla spojena s růstem metastáz v lymfatických uzlinách, avšak jejich souvislost s přežitím nebyla proká-
zána. Nižší exprese E-cadherinu na periferii primárního nádoru byla spojena s vysokou proliferací a špatným nádorově specifickým přežitím.

Klíčová slova
triple-negativní karcinom prsu – CD9 – CD29 – E-cadherin – epitelo-mezenchymová tranzice

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

Parameters N %

Age (range 26–81 years)

< 40 9 13.6

> 40 57 86.4

Histological subtype

invasive cancer,  
no special type

53 80.3

apocrine cancer 8 12.1

adenoid cystic cancer 2 3

adenosquamous cancer 2 3

salivary like,  
no special type

1 1.5

Tumor size

pT1b 10 15.2

pT1c 27 41

pT2 28 42.4

pT3 1 1.5

Tumor grade

G1 3 4.5

G2 11 16.7

G3 52 78.8

Lymph node status

negative 49 74.2

positive 17 25.8

Recurrence

present 18 27.3

absent 36 54.5

not available 12 18.2

Survival 66

dead  12 18.2

dead from cancer 10 15.2

alive 42 63.6

not available 12 18.2
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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 

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-Vítkovice, Hospital Karviná-Ráj 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 II to III according to 

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 

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 100×.
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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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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 

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 

were cut into 2–3-μm 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-

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 100× (for hematoxylin-eosin staining and for 
immunohistochemical staining of proteins).
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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. 
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