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Abstract. ZFP36 is a gene which is downregulated in
various malignancies, and its expression level is often
considered as a potential prognostic and diagnostic marker.
Aim. In current study we investigated how the ZFP36
expression varies in breast tumors of different histological
types, grades, metastatic status, as well as in tumors with
different progesterone and human EGFR receptor 2
(HER2) status to assess its use as a potential breast cancer
biomarker. Methods. RT-qPCR. Results. We show that
the ZFP36 expression is elevated in T1-2 and NO-N1

Introduction

Tristetraprolin (TTP, ZFP36, encoded by the
ZFP36 gene) is an RNA-binding protein,
which negatively regulates malignancy-asso-
ciated mRNAs and is extensively studied as a
positive prognostic marker in various malig-
nancies, since decrease of its expression, as
well as its functional defects, are often associ-

tumors compared to adjacent tissues and T3—4 and N2
tumors, respectively. We also show that the ZF'P36 expres-
sion does not vary in samples with different PR status, but
significantly increases with HER2 amplification.
Conclusions. The ZFP36 gene is a promising candidate
to the HER2-enriched breast cancer biomarker, although
further studies are necessary for verification.
Keywords: gene expression, carcinogenesis, breast
cancer, ZFP36, TTP.

ated with tumor progression and poor sur-
vival prognosis [1-3]. It is known that ZFP36
is significantly downregulated in various tu-
mors, including breast cancer (BC), and its
expression level negatively correlates with
tumor aggressiveness and metastatic poten-
tial [4, 5].
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ZFP36 is differentially expressed in breast tumors

Breast tumors are usually divided into 4
main groups depending on clinical characte-
ristics and specific markers. Molecular sub-
types are usually diagnosed using information
on the presence or absence of estrogen recep-
tor (ER), progesterone receptor (PR) and hu-
man epidermal growth factor receptor (HER2/
neu) expression, and further prognosis and
therapeutic strategy are based on this classifi-
cation. Another commonly used classification
is TNM classification (tumor, nodulus, metas-
tasis) which relies on clinical and pathological
characteristics of the tumor and describes not
only the features of tumor itself (size and
spread, T1-T4, with progressive enlargement
and invasiveness), but also gives information
on presence or absence of metastasis to lymph
nodes (NO—N3, where NO — no node metas-
tases, and N1-N3 — the abundance of node
metastases), distant metastasis (MO where
there are no distant metastases, and M1 when
there are), as well as tumor differentiation
grade (G1-4, with progressive dedifferentia-
tion from 1 to 4). The detailed information can
be found in [9].

Decades of research indicate the existence
of many more subtypes even within the main
molecular groups, indicating that the same
tumor subtype can be more or less aggressive
in different patients, depending on additional
factors, and may consequently change the
prognosis and therapeutic strategy for each
individual patient. Since the patients with low
ZFP36 demonstrated poorer survival rates and
more aggressive tumors, elevated ZFP36 ex-
pression is considered as a potential positive
prognostic marker for BC [6]. However, in our
previous study we showed that if we divide
BC tumor samples by subtype, high ZFP36

ISSN 0233-7657 © Biopolymers and Cell. 2024. Vol. 40. N 4. P 245—328

expression may be associated with both posi-
tive and negative prognosis, as well is it was
exclusively elevated in HER2 enriched subtype
tumors [7]. Moreover, ZFP36 expression
changes under the doxorubicin treatment,
which may also limit its use as a marker [8].
Here we investigate the ZFP36 expression
levels in tumors of different TNM status, as
well as of different grades and hormone recep-
tor status to assess the possibility of ZFP36
use as a prognostic or diagnostic marker in BC.

Tablel. Clinical information on the samples used in
the study

Histological type of tumor Sample number
Invasive carcinoma 53
Adjacent tissues 13
Normal tissues 1

Stage
I 11
II 33
1T 7
v 2
TNM classification (tumor, nodulus and metastasis)

Tl 14
T2 36
T3

T4 2
NO 37
N1 10
N2 6
MO 52
M1 1

Receptor status

ER"PR*HER2/neu- 13
ER-PR-HER2/neu- 12
ER*PRTHER2/neu* 11
ER-PR-HER2/neu* 17
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Materials and Methods

Information on the samples used in current
study: The data on samples are presented in
Table 1. All the patients gave their informed
consent. The same pool of samples (total num-
ber of tumor specimens 53) was classified by
different characteristics, such as TNM grade,
receptor status or G-grade.

Total RNA isolation from breast tumor
samples: Breast tumor samples were collected
from the National Cancer Institute, rapidly
frozen in liquid nitrogen post-surgery, and
stored at —80 °C. Total RNA was extracted
from 0.2—-1.5 g of tissue using the guanidinium
isothiocyanate method. The extraction was
performed with innuSOLV reagent (Analytik
Jena) or RNA Go (BioLabTech), following the
manufacturer’s protocols, with subsequent
electrophoresis to ensure the RNA integrity
and yield.

cDNA synthesis. 5—8 pg of isolated total
RNA was treated with DNase I (ThermoFisher)
to eliminate any genomic DNA contamination,
following the manufacturer’s instructions.
Subsequently, cDNA was synthesized using
reverse transcriptase (ThermoFisher) in 20 pl
reaction volume, adhering to the manufactur-
er’s protocol. The resulting cDNAs were stored
at —20 °C for later use.

RT-qPCR with fluorescence labeled probes.
PCR was performed in 25 pl of mixture con-
taining 0.2 pM of each specific primer and
0.1 uM Tag-Man probe, 1.5 mM MgCl,,
0.2 mM dNTP, 2.5 units DreamTaq DNA poly-
merase (ThermoFisher) and the corresponding
buffer. Each sample was analyzed as dupli-
cates. 7TBP gene was selected as a reference
based on the analysis of literature sources that
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showed its reliability as a control gene regard-
less of breast tumor type [10—12]. Primers and
probes used for PCR were as follows:

For. TBP 5°GTGCCCGAAACGCCGAATA
TA3’,

Tag-Man probe 7BP 5’(BHQ1) ATCCCA
AGCGGTTTGCTGCGGT (FAM)3’,

Rev. TBP 5’CCGTGGTTCGTGGCTCTCT
TA3’;

For. ZFP36 5’CATGGATCTGACTGCCAT
CTAC3’,

Tag-Man probe ZFP36 5’ (FAM) AGCCCT
GACGTGCCCGTGCC (BHQ1)3’,

Rev.ZFP36 5’CTGGAGTCGGAGGGG
CTCA3’.

RT-qPCR results calculation. Relative gene
expression was calculated using the following
equation:

RelExp = (Egop)*"600 | (Epgg)Clame

where RelExp — relative expression, Ego;—
primers efficiency for gene of interest,
ACtgory — ACt for the gene of interest,
Eykg — primers efficiency for the reference
gene, ACt ) — ACt for the reference gene.

Statistical analysis: The analysis was per-
formed using Prism GraphPad 9.5 software.
The data were checked for normality. Since all
the data showed non-gaussian distribution,
they were analyzed using Kruskal-Wallis
ANOVA with Tukey’s correction. All the data
show median + 95% confidence interval (CI).

Results and Discussion
Previously, we showed that the ZFP36 expres-

sion level was significantly elevated in all
tumor types compared to the adjacent tis-
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sues [7]. Although the literature suggests that
both ZFFP36 mRNA and its protein product are
often significantly reduced in tumor compared
to normal tissues, both here and previously we
used adjacent, conditionally healthy tissues as
controls that represent a unique tissue type,
distinct from both tumor and healthy donor
tissues [13, 14].

In current study we analyzed the transcrip-
tional profile of ZFP36 depending on tumor
histological type, malignancy stage, as well as
metastatic and hormone receptor status in the
same pool of specimens (Fig. 1). The analysis
showed the ZFFP36 mRNA level was signifi-
cantly increased in T1 and T2 tumor samples
compared to the adjacent tissues. However, no
significant differences in expression were
found between tumors of different types rela-
tive to each other.

A similar trend was observed when categoriz-
ing the samples by metastatic stage (Fig. 1, b).
Interestingly, in non-invasive NO samples,
ZFP36 level was significantly higher compared
to the adjacent tissues. The same effect was
observed in more invasive N1 samples, where-
as in highly invasive N2 samples it was not
found. Moreover, the ZFP36 expression did not
significantly differ between tumors of varying
invasiveness, similarly to tumors of different
histological types. All tumors (G1-G4) showed
significant differences in the ZF'P36 expression
levels compared to the adjacent tissues, with the
greatest difference observed in G2 tumors
(Fig. 1, ¢). Interestingly, ZF/P36 levels in T2-type
tumors were more variable than in other sam-
ples, and most of these samples belonged to
G2-stage tumors (43 out of 48). G2 stage is
considered as an intermediate stage between
differentiated (G1) and poorly differentiated
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(G3) tumors [15]. Nottingham system used here
for the tumor grading in part reflects the EMT
(epithelial-mesenchymal transition) since this
process significantly affects cellular architecture,
which means G2 tumors are to some extent
undergoing EMT [16]. Given this, we hypo-
thesize that such a variability in the ZFFP36 ex-
pression level might be due to some patho-
physiological processes possibly related to EMT,
and might reflect a peak in dysregulated cellular
metabolism during malignant transformation.
Although based on our data we cannot say
whether the observed phenotype indeed corre-
lates with EMT in every particular specimen,
we suggest it might be of high practical use to
conduct more research on the relationship bet-
ween the ZFP36 expression, EMT and tumor
grading.

Since our previous study revealed that the
ZFP36 expression is significantly elevated in
HER2-enriched tumor samples compared to
other tumor types, we analyzed the ZFP36
expression levels in samples with and without
HER?2 receptor expression, as well as based
on HER2 amplification levels (Fig. 1, f, g).
The analysis showed that the ZFP36 expres-
sion was significantly lower in HER2-negative
samples compared to HER2-positive ones.
Among HER2-positive tumors, those with
normal HER2 expression (HER2+) differed
significantly from those with high levels
(HER2+++), but not from tumors with mode-
rately elevated HER2 levels (HER2++).
Interestingly, there was no difference in ZFP36
between ER positive and ER negative tumors
(data not shown).

The presence or absence of steroid hormone
receptors can affect transcriptional landscapes
and subsequent cellular processes, potentially
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Fig. 1. ZFP36 expression levels in tumors of different characteristics. a, b, c — expression levels in tumors of different
histological types, grades and proximal metastasis status, respectively; d — expression levels in luminal B tumors
with different PR status; e — expression levels in luminal B tumors with different HER2 status; f— expression levels
in all tumor samples with present or absent HER2 expression; g — expression levels in HER2-enriched tumors de-
pending on HER2 amplification level. All data represent median and CI 95% with Tukey’s correction. T (tumor) —
histological type of tumor, G — tumor grade, N (nodulus) — metastasis to lymph nodes. PR — progesterone receptor,
HER2 — human EGFR receptor 2. * — p <0.05, ** — p < 0.01, *** — p <0.001.

affecting biomarker levels. In this study, the well as with and without progesterone receptor
luminal B subtype was represented by samples (PR) expression. We further analyzed whether
with and without HER2 receptor expression, as  the ZFP36 expression varied based on the pre-
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sence or absence of these receptors in luminal
B tumors (Fig. 1 d, e). As shown in the figure,
no significant changes in the ZF/P36 expression
were detected in luminal B tumors depending
on HER?2 or PR status. Given that we observed
a correlation between the ZF'P36 expression and
HER?2 status across all tumor types, we suggest
that luminal B tumors might exhibit specific
pathophysiological processes that differ from
tumors of other types, which results in observed
phenotypes, via distinct mechanism of the
ZFP36 expression regulation. For example,
unlike triple-negative and HER2-enriched sub-
types, both luminal subtypes are characterized
with high incidence of non-silent mutations in
GATA3 gene, which encodes a transcriptional
factor GATA3, important for the maintenance
of luminal identity and is downregulated in
luminal A and B tumors. This might potentially
affect also the ZFP36 expression [17, 18].
Nevertheless, more research should be con-
ducted to investigate the mechanisms of chan-
ges observed in current study.

It is known from the literature that binding
of HER2 to a ligand leads to the activation of
multiple signaling cascades, one of which is
the activation of NF-kB [19]. NF-«xB is also
known to activate the ZFP36 expression in
lipopolysaccharide-activated macrophages by
directly binding to its promoter [20]. Given
this, we hypothesize that an increased HER2
activity (whether amplification or increased
receptor activity) could lead to an NF-kB-
dependent increase in the ZFP36 expression,
and could not only explain our results, but also
contribute to further study on the possibility
of using a high level of the ZFP36 expression
as a potential marker of the HER2-enriched
subtype of BC.
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Conclusion

Our data show that the expression level of
ZFP36 is elevated in BC samples of T1 and
T2 types, as well as in NO and N1 types com-
pared to the adjacent tissues. It also positively
correlates with HER2 levels: the higher the
expression HER2, the higher the expression of
ZFP36, indicating a certain relationship be-
tween HER2-dependent signaling and the
ZFP36 expression, which was shown in our
study for the first time. However, in luminal
B breast cancer there was no significant dif-
ference between HER2+ and HER2— samples.
Moreover, the ZFP36 level did not correlate
with PR status. Therefore, we consider high
ZFP36 as a promising prognostic marker for
the HER2-enriched breast tumors. However,
further studies utilizing larger sample sizes are
necessary to verify this consideration.
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IMpogini ekcnpecii ZFP36 B nyXJUHaX paKy
MOJIOYHOI 32J1034 Pi3HUX cTalill Ta crarycy
TOPMOHAJLHUX pPelenTopiB

A.O. I'voepnamoposa, JI.A. Cusax , H.O. Bepvoskina,
C.B. Kponusko

ZFP36 — TeH, eKCIpecis SIKOT0 3HIKYETHCSI B 3TOSKICHUX
MMyXJIMHAX PI3HUX THIIIB, a PiBHI HOTO EKCIIPECii 9acTo po3-
IJISITAR0THCS SIK TTOTEHITIHI TIPOTHOCTHYHI Ta JIIarHOCTHY-
HI MapkepH. Mera: y TIOTOYHOMY JIOCITIPKEHHI MU JIOCITi-
JTAITH, SIK eKcripecist ZFP36 3MIHIOETBCS B ITyXIJIMHAX PAKy
MOJIOYHOI 3271031 Pi3HMX TiCTOJOTIYHMX THIIIB, CTYIICHIB,
METACTaTHYHOIO CTaTyCy, a TAKOXK y MyXJIMHAX 3 PI3HUM
crarycom niporectepony (PR) Ta pereritopa 2 erminepmaits-
Horo dakropa pocty (HER2), mo0 ominuTi #oro BHKo-
pHUCTaHHSI SIK TIOTCHITIIHOTO OioMapKepa JUIsl paKy MOJIOY-
Hoi 3a103u JitonuHu. Meronu: RT-qPCR. Pesynsraru: Hamu
BUSIBIICHO, 1110 eKcrpecis ZFP36 miBAIeHa B My XJIMHAX
trmiB T1-2 1 NO-N1 nopiBHSHO 3 IPHICIIIMMH TKAHUHAMH
Ta myxirHamu TaiB T3—4 1 N2 BignosigHO (3a kiracudi-
karrieto TNM). Mu Takox Tiokasaiiy, 1o ekcrpecist ZFP36
He 3MIHIOEThCS y 3pa3kax 3 pi3HuM crarycom PR, ase 3na-
YHO TiIBUILYeThes 3 amrutidikamiero HER2. BucHoBku:
MM BBa)KaeMo, 1110 ZFP36 € 6aratoo0iLsiFounM KaHI1IaTOM
s 6iomapkepa HER2-30araueHoro paky MojiodHOi 3a-
JI03H, TIPOTe s Beprikarlii HeoOXiqHI TIONANbII JOCITi-
JUKEHHS 13 OUTBITIOI0 BHOIPKOFO.

KamdoBi cJoBa: ekcrpecis TeHiB, KaHIICPOTeHE3,

pax momouHoi 3amo3u, TTP/
Received 24.09.2024

ISSN 0233-7657  Biopolymers and Cell. 2024. Vol. 40. N 4. P 245—328



