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OPUTVHANbBHbBIE UCCNEAOBAHMS
PREDICTIVE AND PROGNOSTIC

POTENTIAL OF CD44

AND CD24 EXPRESSION

IN PRIMARY TUMOUR AND AFTER
CHEMOTHERAPY IN PATIENTS
WITH BREAST CANCER

Aim: to evaluate prognostic and predictive value of surface-cells markers — CD44
and CD24 in the primary tumour tissue and after neoadjuvant chemotherapy (NACT)
in different groups of patients of breast cancer (BC). Object and methods: specimens
of the primary tumour and specimens after chemotherapy in 106 patients with invasive
BC. The observed patients were treated at the National Cancer Institute. Immuno-
histochemical staining for CD44 and CD24 was performed in tumour specimens. The
survival analysis was performed depending on the clinical and pathological data and
the expression of markers CD44, CD24, CD44*/CD24-, CD44*/CD24". Results:
different expressions of markers in the primary tumour tissue and after NACT were
detected. An increase of the expression of CD44" and CD44"/CD24~ has been not-
ed in tumour tissue after NACT, which may play a role in the development of che-
moresistance and the possible mechanism of relapse of invasive BC. The prognos-
tic value of triple negative subtype of BC, tumour size, coexpression of noninvasive
CD44*/CD24" cells was revealed in the Cox regression model. Conclusion: the differ-
ing expression of surface-cells markers in the primary tumour and after NACT may
reflect intratumoral heterogeneity of the BC and the possible development of che-
moresistance. Triple negative subtype and tumour size were revealed as the risk fac-
tors associated with survival. Markers CD44 and CD24 were insufficient factors to

determine the prognosis.

INTRODUCTION

Breast cancer (BC) is the main cause of women’s death
from cancer [1]. After radical treatment of patients with
BC some of them have relapses and metastases. According
to the theories their appearance is associated with cancer
stem cells (CSC) — small population of stem cells which
is the cause of growth of tumour [2] and resistance to ra-
diation therapy [3] and chemotherapy [4].

The majority of current investigations have identified
asubpopulation of BC stem cells through surface-cell mark-
ers — CD44 and CD24 |5, 6]. One of the most investigat-
ed CSC is the phenotype CD44*/CD24-, but its clinical
significance remains controversial. This phenotype is asso-
ciated with more aggressive clinical and pathological data
of BC[7], it is more common in patients with distant metas-
tasis [8, 9] and it has a link with three-negative [ 10] and bas-
al type of tumour [11, 12]. The correlation of immunophe-
notype CD44*/CD24- with resistance to anthracyclines is
emphasized in some researches [ 13, 14], but the main mech-
anisms are still unknown. Investigations to find CSC mark-
ers predicting drug resistance continue nowadays.

CD24 expression was detected in various types of car-
cinoma while it is seldom expressed in normal tissues [ 15].
Some research reports indicate that low CD24 expression
is a characteristic biomarker, which promotes the initia-
tion and progression of tumour process [16], as well as
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demonstrates the resistance to doxorubicin [ 13]. The oth-
er ones show that high CD24* expression is considered
to be an unfavorable prognostic factor of BC, associated
with short-term disease-free survival (DFS) and may be
a marker of sensitivity to adjuvant chemotherapy [17, 18].
Besides CD24 expression was significantly correlated with
the aggressive HER2-positive status of BC [19] and with
drug resistance in the HER2/neu expression [20].

CD44 is a well-known transmembrane glycoprotein. It
is a contributing factor to carcinogenesis and a progression
to a variety of neoplasms [21]. Previous investigations have
demonstrated that aberrant expression of CD44 is associated
with invasion, metastasis and has a negative effect on DFS in
patients with HER?2 expression or a basal-like BC [21]. But
Horiguchi [22] substantiated that DFS is higher with high
expression of CD44. At the same time, the other authors
do not observe any differences in clinical outcomes and sur-
vival in regards to the expression of CD44 and CD24 [19].

Thus, numerous investigations about the role of CDD44,
CD24 in carcinogenesis and contradictory data of their prog-
nostic significance have determined our interest for further
research. In addition, the predictive potential of these bio-
markers has not been sufficiently studied. Therefore, ourtask
is to evaluate prognostic and predictive value of biomarkers
CD44 and CD24 in primary tumour and after chemothe-
rapy in different groups of patients with BC.
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MATERIALS AND METHODS

Specimens of the primary tumour and specimens af-
ter chemotherapy in patients with invasive BC have been
studied separately. The observed patients were treated at
the National Cancer Institute from 2008 to 2013.

The criteria for inclusion in this research were the fol-
lowing: women samples; histologically confirmed BC;
tumour samples available for study. The medical records,
pathology reports of the patients for obtaining clinical in-
formation were analyzed. The disease stage was classi-
fied according to the TNM AJCC categories (6™ edition).
A local ethical committee approved the study protocol.

From 130 cases of BC included in this research spec-
imens only 106 patients were suitable for staining and in-
formative for immunohistochemical (IHC) results. Pa-
tients were divided into two groups: group 0 — the patients
with directly examined the primary tumour; group 1 —
the patients after neoadjuvant chemotherapy (NACT).
The median of observation was 48.5 months (interquar-
tile range Q1 = 36.5 months, Q3 = 63.5 months).

Clinical and pathological characteristics of patients
are indicated in Table 1. NACT was conducted mainly
to patients up to 50 years old (the difference between the
groups by age is statistically significant, p = 0.02). The
median age for group 0 was 52.5 years old, for group 1 —
47 years old.

The distribution of disease stages according to T and
N categories between the groups was different (p < 0.05).
It was caused by NACT criterion for grouping. Among
the patients having operative treatment immediately,
82.5% of them had early stages of BC, and 19.2% of the
patients had the ITIA stage. It is due to staging of dis-
ease after surgery considering the regional lymph node
involvement. NACT was performed for the majority
of patients (66.7%) with the locally advanced BC in ac-
cordance with standard treatment protocols. Regimens
of NACT included mainly anthracyclines (90.7%) and
paclitaxel were used in 9.3% of cases. The distribution
of tumour phenotype did not reveal a statistically signi-
ficant difference between the groups (p =0.75). The ma-
jority of patients were patients with luminal tumour sub-
types in both groups.

IHC analysis. The original hematoxylin-eosin-stained
patients’ glasses in the retrospective sample were exam-
ined and noted by the pathomorphologist for further
analysis of cell surface markers. Specific primary anti-
CD44 antibodies (polyclonal rabbit antibodies, 1:100,
Thermo Scientific, USA) and CD24 (SN3, monoclo-
nal mouse antibodies, 1:200, Thermo Scientific, USA)
were used for IHC staining according to the methodolo-
gy described in previous research [23]. Two pathologists
who weren’t aware the clinical outcomes of patients in-
dependently carried out assessment of staining results.
ITHC surrogate panel (ER, PgR, HER2) was used to de-
termine the subtypes of BC [24].

Statistical analysis. DFS was defined as a period from
the date of operations to the documented date of recur-
rence and/or distant metastases. Overall survival was de-

fined as a number of months from the diagnosis to the date
of death. Censored overall survival was taken into account
when the date of death of a patient was unknown and the
date of the last observation was the indication point. Dif-
ferences in the frequencies of the main clinical-patho-
logical parameters and subtypes were analyzed using the
chi-square test. Survival curves were constructed using
the Kaplan — Meier method and ranking test was used to
compare the meaning of survival rates by subtypes. Cox
model was used for multivariate analysis in order to pre-
dict the survival relationship with patient age, tumour size,
lymph node involvement, various subtypes of BC, NACT
and cell-surface marker content. Hazard ratio (HR) and
its 95% confidence interval (CI) were calculated to assess
the degree of relationship.

Table 1
Clinical and pathological characteristic of patients in groups
Absolute value (%)
Characteristics Group 0 Group 1 p
(n =52) (n = 54)
Age (X £ SD), years old 50.6 +10.5 [ 46.2+9.4| 0.02
Age range, years 27-71 28-64
Median, years 52.5 47
25-75 quartiles, years 42.5-58.5 30-55
Stage | 4(7.7) 0
(AJCC) 1A 20 (38.5) 6(11.1)
1B 18 (34.6) | 22(40.7) |<0.001
1A 10 (19.2) 25 (46.3)
1B 0(0.0) 1(1.9)
Category |1 6 (11.5) 2(3.7)
T 2 46 (88.5) | 40(74.1)
3 0(0.0) 10 (18.5) 0.002
4 0(0.0) 2(3.7)
Category |0 22 (42.3) 9(16.7)
N 1 20(38.5) | 24 (44.4) | 0.008
2 10 (19.2) 21 (38.9)
Subtype | Luminal A 19 (36.5) 17 (31.5)
Luminal B (HER2-) 18 (34.6) 19 (35.2)
Luminal B (HER2+) 1(1.9) 4(7.4) 0.75
Triple negative BC (TNBC) | 12 (23.1) 12 (22.2)
HER2/neu expression 2(3.9) 2(3.7)

A critical level of significance was chosen at p < 0.05.
The analysis was performed using statistical software
packages MedCalc 17.9.2 (MedCalc Software bvba,
1993-2017).

RESULTS AND COMMENTS

Analysis of expression of immunophenotypes CD44,
CD24, CD44*/CD24-, CD44'/CD24" in different groups
of patients. IHC analysis of the expression of CD44,
CD24, CD44*/CD24- as presumed CSC was per-
formed in 106 patients with an invasive BC in order to
identify the association of these markers with the treat-
ment (Table 2).

There was no statistically significant difference for
biomarker of the CD24 (p = 0.16) in the groups of pa-
tients with and without NACT. But there was a tendency
(p=0.08) to increase CD44" expression in the tumour tis-
sue after NACT (59.3% of cases), as there was a predomi-
nant lack of CD44 expression (59.6% of cases) in the pri-
mary tumour tissue.
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Table 2

Association of inmunophenotypes CD44, CD24, CD44*/CD24-,
CD44*/CD24" in groups

Table 3

Analysis Cox univariate model of survival prognosis
depending on clinical and pathological data and expression

Absolute value (%) of cell surface markers
Marker Expression Group 0 Group 1 p Index,
(n = 52) (n = 54) Factor b+m p HR (95% Cl)
CD24 - 34 (65.4) 27 (50.0) 0.16 Group 1vs 0 0.06+0.28 | 0.84 |1.06(0.61-1.84)
+ 18 (34.6) 27 (50.0) ' Age 0.000+0.014] 0.97 |1.00(0.97-1.03)
CD44 - 31(59.6) 22 (40.7) 0.08 CD24* vs CD24~ -0.01+0.28 [ 0.98 [0.99(0.57-1.71)
+ 21(40.4) 32 (59.3) ) CD44* vs CD44 —0.02+0.28 | 0.95 [0.98(0.57-1.70)
CD44°/CD24~ - 40(76.9) 32(59.3) 0.08 CD447/CD24" + vs — 0.55+0.29 | 0.06 |1.73(0.98-3.06)
+ 12 (23.1) 22 (40.7) i CD44*/CD24~

CD44°/CD24* - 39 (75.0) 38 (70.4) +Vs— ~0.24030] 0.44 10.79(044-142)
+ 9 (17.3) 7 (13.0) 0.48 TNBC vs luminal 1.19+0.33 | <0.001 |3.29 (1.72-6.28)
++ 3(5.8) 8 (14.8) ' HER2(+) vs luminal 1.06+0.62 | 0.09 [2.89(0.86-9.73)
+++ 1(1.9) 1(1.8) Luminal B (HER2+) vs luminal | 0.58 +0.51 0.34 [1.79(0.56—4.85)
In the distribution of the CSC putative marker, such ~ |categony T 020£018 | 0.25 |1.22(0.86-1.74)
Category N — vs + —0.04+0.30 | 0.89 |0.96(0.53-1.73)

as CD44%/CD24-, there was also a tendency (p =0.08) to
increase the level for patients after NACT. The expression
of this immunophenotype was detected in 40.7% of cases
after NACT and in 23.1% of cases in the primary tumour.

The coexpression of CD44*/CD24" in the observed
groups was also analyzed (Table 2) and there was ap-
proximately uniform absence of markers coexpression
in both groups (75.0 and 70.4% of cases). High expres-
sion (2+ and 3+) of CD44"/CD24" was detected in the
tumour tissue after NACT more often (16.6%) than in
the primary tumour (7.07%). Despite of revealed shift
of CD44*/CD24* statistically significant difference be-
tween the different groups of patients was not detected
(p=0.48). Thus, the data obtained in the research show
a tendency to increase the expression of CD44" and
CD44*/CD24~ (p = 0.08) in tumour tissue of breast in
patients after NACT.

Survival analysis depending on clinical and pathological
data and status of markers CD44, CD24, CD44'/CD24",
CD44"/CD24*. Univariate and multivariate analysis
were performed in order to identify risks factors associ-
ated with survival. Cox proportional hazards regression
model was used. In this model the categorical variables
were clinical pathological data and the expression of the
following specific cell surface markers: CD44, CD24,
CD44%/CD24~, CD44%/CD24".

Cox regression model allowed estimating the influ-
ence of the following factor signs on the survival distri-
bution: CD24 and CD44 expression (negative or posi-
tive), CD44"/CD24-, CD44*/CD24* (negative or posi-
tive), age, tumour size (pI'l, pI'2, pI'3 and pl'4), lymph
node status (negative and positive), disease stages and
subtypes of BC. The analysis of Cox univariate model
(Table 3) identified that survival is associated with coex-
pression of CD44*/CD24* (p = 0.06, HR = 1.73; 95%
CI 0.98—3.06) and tumour phenotype. A worse prog-
nosis was for triple negative subtype of BC (p < 0.001,
HR =3.29;95% CI 1.72—6.28) and HER2/neu expres-
sion subtype (p =0.09, HR = 2.89; 95% CI 0.86—9.73).

Age, stage of disease, category T and N and NACT
are not significant for survival in Cox univariate mod-
el. The differences in the expression of immunopheno-
types CD44, CD24, CD44*/CD24" also were not found
(Table 3).
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Results of Cox univariate analysis can be presented
graphically (Figure).
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Figure. Cox univariate model for survival analysis
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Multivariate analysis of survival. We also have consid-
ered applying multivariate forecasting model, while objec-
tive estimation of prediction seldom depends on one iso-
lated factor.

After the selection of significant features using the
step-by-step inclusion/exclusion method (threshold
of inclusion p < 0.2, exclusion threshold p > 0.4), a mul-
tivariate model of prognosis was constructed (Table 4).

Table 4
Cox multivariate model for survival analysis
Index,

Factor b+m p HR (95% Cl)
TNBC vs luminal 1.21+£0.33 | <0.001 [ 3.4(1.7-6.5)
HER2(+) vs luminal 0.99 +0.63 0.12 2.7(0.8-9.3)
Luminal B (HER2+) vs luminal | 0.45 + 0.62 0.46 -
Category T 0.31 £0.19 0.10 1.4 (0.9-2.0)
CD44'/CD24" + vs — 0.47 £0.30 0.12 1.6 (0.9-2.9)

In the multivariate model, TN subtype of BC was the
only significant prognostic variable which influenced on
survival (p <0.001, HR =3.4;95% CI 1.7—6.5). Neverthe-
less, the factors that influence on survival indirectly were
also HER2/neu expression subtype (p = 0.12, HR = 2.7;
95% CI 0.8—9.3), luminal B (HER2+) positive subtype
(p = 0.46), coexpression of CD44*/CD24" (p = 0.12,
HR = 1.6; 95% CI 0.9-2.9) and category T. It was re-
vealed that the increase in tumour size resulted deterio-
ration of survival (p = 0.12; HR = 1.6; 95% CI1 0.9—2.09).



In the research we show that clinical and morpho-
logical features of patients of BC are different in groups
having operative treatment immediately or NACT before
surgery. It is known that chemotherapy has the selectivity
for proliferating cells and how much chemotherapy acts
on the clone of stem cells capable to be predictors of drug
resistance and poor prognosis is still being studied [14].

We have found variable patterns of markers’ expres-
sion in different tumour samples. Our data are consistent
with some previously observed trends — an increase of the
number of CD44" and CD44*/CD24 in tumour tissue af-
ter NACT [25]. We have noticed that CD44 was markedly
expressed in tumour tissue of breast after NACT, which in-
dicates that CD44 is involved in tumorigenesis of BC. This
result coincides with the data: CD44" shows a more mes-
enchymal, mobile and less proliferative profile and is simi-
lar to stem cells [26]. An increase of CD44* expression after
chemotherapy may indicate the development of resistance
to cytostatics [14, 27].

The same tendency in the expression of CD44*/CD24~
tumour cells was noted in patients after NACT (p = 0.08).
This shift of CD44*/CID24~was probably due to increase in
the subpopulation of CD44*. The profile of CD44"/CD24~
was previously widely investigated and their invasive nature
was proved. It made this population possible CSC [9, 16].
The fact that a small population of CSC survives after che-
motherapy and causes the relapse of invasive BC [28] is still
interesting for many researchers. It was stressed in some ar-
ticles that CD44*/CD24-/¥ cells demonstrate properties
of CSC and chemoresistance [29] and CD24~ cellsenhance
the resistance to doxorubicin [13]. The content of another
cell surface marker, CD24, did not differ in tumour tissue
of both groups in our research. Although the predictive sig-
nificance of CD24 cells after NACT in patients with BC was
previously reported by other researchers [22], and in parti-
cular the stability of CD24~v cells to the treatment of an-
thracyclines was mentioned [13].

Thus, analysis of cell surface markers expression re-
vealed the differences between groups with a tendency
to a significant increase of CD44* and CD44"/CD24" in
tumour tissue of breast after NACT, which may play a cer-
tain role in the development of resistance to chemotherapy
and in the possible mechanism of relapse after treatment.

We estimated the prognostic value of clinical-patholog-
ical indicators and cell surface markers CD24, CD44. We
noticed that the TNBC showed a poor prognosis for sur-
vival, which corresponds to the previous investigations [ 30].
The trend towards a significant effect of the HER2/neu ex-
pression subtype on the survival in the univariate analysis
haslost its significance in the Cox multivariate analysis. But
the increase in tumour size resulted deterioration of surviv-
al in multivariate analysis.

In the Cox univariate and multivariate analysis we did
not find any relationship between age, disease stage, lymph
node involvement, NACT, CD44, CD24, CD44*/CD24~
expression and clinical outcome — survival. Our data co-
incide with the research result [ 11] that there is no link be-
tween the status of CD44*/CD24~ and survival.

However, according to other scientists’ investigations,
CD44%/CD24 tumour cells were significantly associat-
ed with poor survival [10], CD24 expression was a marker
of poor prognosis for the luminal A subtype [31]. It was also
shown that negative CD24 tumours have a very low risk of tu-
mour progression, while CID24 positive tumours are associ-
ated with a short-term DFS [17]. Some researchers note that
high expression of CD44 correlates with reduced DFS and
the existence of distant metastases [13, 21, 32], other scien-
tists [22] — on the contrary, emphasize that CD44* contrib-
utes to a favourable prognosis in patients with primary BC.

In our study, one of the prognostic factors was tumour
cells with coexpression of CD44*/CD24*, which showed
a tendency to a significant effect on survival in the uni-
variate analysis. Presented data show that non-invasive
CD44*/CD24* cells are plastic and can easily generate off-
spring of invasive CD44*/CD24" cells through activation
of signalling Activin/Nodal [27]. The hypothesis of the
variable existence of tumour cells, which are either CD44*
or CD24*, can reflect the current state of tumour with un-
dergoing constant cell renewal, differentiation and interac-
tion with the surrounding stroma [11]. It is permissible that
CD44* and CD24" cells can undergo the independent clonal
evolution [26] and thereby it emphasizes the biological hete-
rogeneity of BC.

CONCLUSION

Research results underline biological intratumoral
heterogeneity of BC and demonstrate different expres-
sion of CD44, CD24 in tumour tissue of the primary BC
and in samples after NACT. The investigated cell surface
markers can undergo certain changes after NACT and,
possibly, can increase resistance to the chemotherapy.
CD44 and CD24 are markers associated with carcino-
genesis in BC, but in our research they were insufficient
factors to determine the prognosis.

Further investigations are necessary to determine the
place and role of CD24, CD44 in chemoresistance and
prognosis of patients of BC.
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NPEAUKTUBHUM | NTIPOFHOCTUYHUN
MNOTEHLLIAJ1 EKCPECII CD44 1 CD24
Y NEPBUHHIN NYXJIUHI TA NICNA
XIMIOTEPAMIT Y NALLIEHTIB 3 PAKOM
MOJIOYHOI 3AJ1I03U

JILE. Pucnacea

Hauyionanvuuii incmumym paxy MO3 Ykpainu,
Kuis, Yxpaina

Pestome. Mema: oyinumu npoenocmuune i npeduxmue-
He 3HauenHa mapkepie CD44 i CD24y nepsunHiii nyxau-
HI ma nicas posedelHs Heoad 106anmHoI Ximiomepanii
(HAXT) y pisnux epynax xeopux Ha paxk Moao4HOI 3a10-
3u (PM3). 06°exkm i memoodu: 3pazku mKaHUHU NYXAUH
106 xeopux na ineazusnuii PM3, sixi npoxodunu aikysar-
Hs 6 Hauionanvhomy incmumymi paky. Excnpecito map-
kepie CD44 i CD24 susnauanu 3a 00nomoeor IMyHoIC-
moximiunoeo memoady. Ilposedero ananiz suxcuearocmi
NAUIEHMIB 3a1eHCHO BI0 KAIHIKO-NAMOA0IMHUX OaHUX |
excnpecii CD44, CD24, CD44*/CD24~, CD44*/CD24*.
Pesyavmamu: susiéneno giominnocmi 6 excnpecii docai-
0XICYBAHUX MAPKEPIB Y NePEUHHILL NYXAUHHII MKAHUHI Ma
nicas nposedenns HAXT. ITidsuwenns excnpecii CD44*
i CD44*/CD24 y nyxaunniit mkanuHi nicas npoéeoeH-
Hss HAXT mooice gidiepasamu neery pons y oopmyearti
XiMiope3ucmeHmHOCMI ma MONCAUBOMY MEXAHIZMI pO3-
sumky peuuousy ineazuenoeo PM3. 3a donomoeoro pe-
epecusroi modeni Kokca eusieneno npoeHocmuune 31Ha-
ueHHs mputi Heeamuerozo niomuny PM3, poamipy nyx-
AUHU, Koekcnpecii Heineazusnux kKaimun CD44*/CD24*,
Bucnoeok: iominnicms excnpecii nogepxnegux KaimuH-
HUX MapKepie y nepeuHHitl nyxauxi ma nicas npoeeoeH-
Hs HAXT ido6padicae 6HympiuiHbonyXauHHy eemepoeeH-
Hicms PM3 ma, moycauso, iMogipHicmo po36Umky Ximi-
opesucmenmrnocmi. IIpoenocmuunumu pakmopamu, sKi
N06’SI3GHI 3 BUICUBAHICMIO, BUABUALUCS MPUYE Heeamue-
Huil niomun ma po3mip nyxaunu. Pieni excnpecii mapke-
pie CD44 i CD24 sussuaucs Hedocmamuimu gpakmopa-
MU OA51 BUBHAYEHHSL NPOCHO3Y.

KumouoBi ciioBa: pak MOJIOUHOI 3aJ1031, CTOBOYPOBi
nyxiauHHi Kinituau, CD44, CD24, BUXKUBaHiICTh,
XimioTepartist, IpOTHOCTUYHE 3HAYCHHSI.
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