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Introduction

Aim. To find out the cause of inhibition of the IL2-STATS signaling pathway in chronic lym-
phocytic leukemia (CLL) cells. Methods. CLL cells were isolated from peripheral blood,
using gradient centrifugation on a ficoll-verografin mixture. Expression of the STAT-6 genes
at the mRNA level was analyzed, using the Oncomine database. Expression, phosphorylation
status and cellular localization of the STATS5 protein were studied by fluorescence microscopy,
using specific antibodies. Results. Unlike in B-cells of healthy donors, expression of the
STATSA protein was low in the patient CLL cells. As we have previously shown, the
IL-2-STATS5 (JAK-STATS) signaling pathway is inhibited in CLL cells. Now we demon-
strated a low level of phosphorylation of the STATS5 protein, or a complete lack of phospho-
rylation in CLL cells. The STAT5A protein shows cytoplasmic localization, indicating the
absence of complexes in the nucleus that activate/repress transcription of the STATS-dependent
genes. Conclusions. Inhibition of the IL-2-STATS pathway in CLL cells is caused by a lack
of the STATS proteins phosphorylation and/or the absence of the active STATS5A transcription
complexes in the nucleus of CLL cells.

Keywords: Chronic lymphocytic leukemia (CLL), B-peripheral blood cells, STATS,
STATSA, STATSB, IL2-STATS signaling pathway.

onset of CLL, 5-10% of patients develop mono-
clonal B cell lymphocytosis (MBL), when the

Chronic lymphocytic leukemia (CLL) [1] is one
of the most common forms of leukemia in
Europe and the United States. The incidence rate
is approximately 3.5 per 100,000 population (5.0
for men and 2.5 for women) [2, 3]. Prior to the

number of B-lymphocytes in the peripheral
blood counts 5:10% - 2:105/ml. MBL occurs in
individuals over 40. With a frequency of about
1% per year, MBL can progress to CLL, when
the number of B cells is 5-10-10%/ml [4].

© 2019 A. S. Matvieieva et al.; Published by the Institute of Molecular Biology and Genetics, NAS of Ukraine on behalf of Bio-
polymers and Cell. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium,

provided the original work is properly cited

30


https://teacode.com/online/udc/57/577.2.html
mailto:Kashuba@nas.gov.ua

The STATS transcription factor in B-cells of patients with chronic lymphocytic leukemia

CLL develops due to the slow accumulation
of the long-lived, but immunologically incom-
petent B-lymphocytes. Such cells are often
referred to as “immuno-senescent”, that de-
scribes their inability to differentiate into plas-
ma cells, producing antibodies [4]. CLL cells
do not proliferate, can not be activated by
ligands and do not undergo apoptosis.
Importantly, the transforming Epstein-Barr
virus (EBV) could infect CLL cells, but in-
fected cells do not proliferate even in vitro. It
was shown, that one of the important viral
proteins, i.e. LMP1, is not expressed in CLL
cells [5, 6]. Obviously, that several transcrip-
tion factors, ATF-2/c-Jun, for example [5], are
missing or not activated in CLL cells.

Of note, CLL cells express interleukin recep-
tors (IL2R, IL4R, IL6R, IL10R, IL13R), TNFa,
interferon alpha (INFA) and gamma (INFG),
and tumor growth factor beta (TGFB) [ 7].

The activation of the canonical TGFB path-
way in B cells usually leads to induction of
pro-apoptotic BMF, BIM, BAX and, and as a
consequence, to apoptosis [7]. In CLL cells,
the level of BCL2 does not differ from the
expression of this gene in the peripheral blood
B-cells of healthy individuals. TGFB receptors
(TGFBRs) are expressed approximately equal-
ly in B-CLL and peripheral blood
B-lymphocytes [8, 9]. However, most of the
genes that are usually induced by activation of
the TGFB-SMAD2/3 pathway, namely
BCL2L1 (BCL-XL), CCND2 (cyclin D2), ID1,
MYC, ATF3, TGIF1 andKLF10 (TIEG) are
basically not expressed in CLL cells [9].

In the leukemic cells, the IL-2-STATS path-
way is blocked [10]. The genes, usually in-
duced by the homo (hetero) dimers of the
STATS (Signal Transducer and Activator of

Transcription 5) proteins, namely BCL2L1
(BCL-XL), CCND?2 (cyclin D2), HIF1A4, IDI,
MCLI and MYC, are barely detected.
Previously, we have shown that the TGFB-
SMAD?2/3 pathway is inhibited in CLL cells,
due to retention of the SMAD3 and SMAD4
proteins in cytoplasm [11].Partially, the TGFB-
SMAD?2/3 and IL-2-STATS5 pathways overlap.
Anyway, both pathways are blocked in B-CLL-
cells.

In the present paper, the expression levels
of the STATI-6 genes, the phosphorylation
status of the STATS protein and STATS cel-
lular localization were studied in CLL cells
and in the peripheral blood B-cells of healthy
donors, with the aim to find a cause of inhibi-
tion of the IL-2-STATS pathways upon CLL.

Materials and Methods

The samples of the peripheral blood of 9 pa-
tients with CLL and one patient with B-cell
prolymphocytic leukemia (BCPL) were ob-
tained from the staff of the Department of
Onco-hematology (headed by Professor
D.F.Gluzman) at the R.E. Kavetsky Institute
of Experimental Pathology, Oncology and
Radiobiology (IEPOR) of National Academy
of Sciences of Ukraine. In order to verify the
CLL diagnosis, the immunocytochemical
methods were used utilizing anti-alkaline phos-
phatase (APAAP) labeled streptavidin-biotin
and alkaline phosphatase (LSAB-AP) and a
wide panel of monoclonal antibodies. As a
control, B-cells were isolated from peripheral
blood of two healthy donors in the ficoll-vero-
grafin gradient. T cells were removed by form-
ing rosettes with erythrocytes of sheep, fol-
lowed by centrifugation. The experimental
protocol was approved by a Committee on
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Bioethics at R.E. Kavetsky IEPOR of National
Academy of Sciences of Ukraine.

The CLL cells were isolated from periph-
eral blood in the ficoll-verografin gradient.
50000 cells were attached to a glass slide for
the further immune- fluorescent analysis.

Double staining of cells was performed,
according to the following scheme: rabbit
anti-phosphorylated STATS (recognizing both,
STATS5A and STAT5B) (Cell Signaling, USA);
secondary anti-rabbit antibodies produced in
swine and conjugated with fluorescein-5-iso-
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Fig. 1. A bioinformatic analysis of expression of STAT genes, using the Oncomine database. STAT2 (B), STAT54 (E)
and STAT5B (F) genes are expressed at a lower level in peripheral blood mononuclear cells and in CLL cells, than
STATI (A), STAT3 (C), STAT4 (D), and STAT6 (G). The lowest relative values are registered for STAT5B. The output
data for STAT?2 are published in a study [14], in which 8603 genes were analyzed. For other STAT genes, the initial
analysis of 19574 genes is described in a work [15]. Conditions of the analysis: change of expression two-folds at
least, only 5% of the best genes was chosen, p = 0.0067.
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thiocyanate (FITC, DAKO, Denmark); then
mouse monoclonal antibody against STATSA
(Cell Signaling, USA); and the secondary
anti-mouse antibodies produced in horse and
conjugated with Texas red (TR, DAKO,
Denmark). The DNA was stained with Hoechst
3321 (Sigma-Aldrich, USA).

The images were captured by a CCD cam-
era (Hamamatsu, Japan), assembled and ana-
lyzed in Photoshop.

To analyze the STAT gene expression at the
mRNA level, a public database Oncomine was
used. Oncomine contains the published data
that was collected, standardized, annotated and
statistically analyzed by Compendia Bioscience
(www.oncomine.com, October 2018, Thermo
Fisher Scientific, Ann-Arbor, MI, USA).

Results and Discussion

The bioinformatics analysis of the Oncomine
database showed that the S7AT genes at the
mRNA level were expressed at approximately
the same level in CLL cells, as in peripheral
blood mononuclear cells (Fig. 1). Of note, the
STAT2, STAT5A and STATS5B genes are ex-

Fig. 2. Pattern of phosphorylation of
STATS proteins (isoforms A and B)
and their cellular localization. Phos-
phorylated form of proteins is shown
in green. Red — a signal of the STA-
T5A protein. DNA is shown in blue.

pressed at lower levels in peripheral blood
mononuclear cells and in CLL cells, compared
with the STATI, 3, 4 and 6 genes. The lowest
relative values of expression in CLL were
shown for STAT5B. The obtained results con-
firm our previously published data [10, 12, 13].
Subsequently, the levels of phosphorylation
of the STATS proteins (A and B isoforms) were
assessed as well as the STATS cellular localiza-
tion, using immunostaining. The control double
staining (excluding one of the primary antibo-
dies) did not show any background signals.
Noteworthy, the STATS protein (isoforms A
and B) showed basal levels of phosphorylation
in the control samples, i.e. B cells of healthy
donors (Fig. 2, green signal). The phosphory-
lated protein was observed almost exclusively
in the nucleus. Moreover, STATS formed large
nuclear inclusions (indicated by green arrows
in Fig. 2). The STAT5A protein was also local-
ized mainly in the nucleus in B-cells of healthy
donors (red signal in Figure 2), but a propor-
tion of protein was observed in the cytoplasm
as well (the red arrows in Fig. 2). Of note, the
signals of phosphorylated STATS and STATS5A
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were partially co-localized in the nucleus (Fig.
2, marked with asterisks), indicating activation
of the IL-2-STATS (JAK-STATS) pathway in
B cells of healthy donors. Previously, the con-
stitutively active STATS was found in the
nucleus of rapidly proliferating malignant he-
matopoetic cells [16].

In contrast to the pattern observed in B-cells
of healthy individuals, in CLL cells a very low

Overlay DNA ppSTATS

N 97570 N 103063 N 102884

N 89819

ppSTATS

signal of the phosphorylated STATS proteins
was observed (Fig. 3, in green). The expression
levels of the STATSA protein were quite low
as well (Fig. 3, red signal). Noteworthy, when
the STATS5A signal was rather high, phos-
phorylation was not detected (Fig. 3, samples
102884 and 97570, in green). Moreover, the
phosphorylated form was localized almost
exclusively in the cytoplasm.

DNA STAT5A STATS5A

Fig. 3. Pattern of phosphorylation of STATS proteins (isoforms A and B) and their cellular localization in CLL cells.
Phosphorylated form of proteins is shown in green. Red — a signal of the STAT5A protein. DNA is shown in blue.
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Overlay

In several patients the STATSA protein was
practically absent (Fig. 3, samples 103963 and
89819). Also, the expression levels of both
isoforms could be very low (Fig. 3, sample
103063).

We have to emphasize that the STATSA
protein and the STATS phosphorylated iso-
forms were localized exclusively in the cyto-
plasm of peripheral blood mononuclear cells
of CLL patients, in contrast to the pattern
observed in B cells of healthy individual.

In B cell of the BCPL patient, the phos-
phorylated form of the STATS proteins was
not detected. However, a high expression level
of STAT5A was found, and a large proportion
of the protein was localized in the nucleus
(Fig. 4, red signal).

It is known, that the phosphorylated STATS
proteins are activated constitutively in indi-
viduals with onco-hematological diseases
[17-19].

The obtained results allow us to speculate
that the inhibition of the IL-2-STATS (JAK-

Fig. 4. Pattern of phosphorylation of
STATS proteins (isoforms A and B)
and their cellular localization in
blood cells of BCPL patient. Phos-
phorylated form of proteins is shown
in green. Red — a signal of the STA-
T5A protein. DNA is shown in blue.

STATS) pathway in CLL cells might be due to
the low levels of STATS phosphorylation, or
the complete lack of the STATS phosphoryla-
tion. Noteworthy also, the STATSA protein is
found mainly in cytoplasm, which suggests
that the protein complexes, activating tran-
scription of the STAT5-depending genes are
absent in the nucleus. It was demonstrated
earlier that the STATS functions as transcrip-
tion factor exclusively in the nucleus [20].
Actually, the reason for such cellular local-
ization of the STATS proteins I CLL cells re-
mains an open question. No doubt, that local-
ization of proteins depends on their phosphor-
ylation status. Moreover, activation of the
JAK-STAT pathway is also regulated by the
formation of homo(hetero)dimers of the vari-
ous phosphorylated STAT proteins [21]. It is
important, to study the phosphorylation status
of other STAT proteins, namely, STAT2, 3 and
6, and their cellular localization before and
after the interaction of surface IL2R with the
corresponding ligand (IL2) in CLL cells.
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Conclusions

As we have shown previously, the IL-2-STATS5
(JAK-STATS) cellular signaling pathway is
inhibited in CLL cells. In the present research
we found a low level of the STATS phos-
phorylation, or even the complete absence of
the phosphorylated protein in leukemic cells.
The STATS5A protein is localized mainly in
cytoplasm, indicating the absence of active
transcriptional complexes in the nucleus, i.e.
the STATS dependent genes are not induced.
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®axrop Tpanckpunuii STATS y B-kiitnnax kposi
P XPOHiYHOMY JIiM(oJIeiiKko3i

A. C. MarBeeBa, JI. M. KoBasneBchka,
T. C. IsaniBcbka, E. Kneiin, O. B. Kamry6a

Meta. BcraHoBuTH npuurHy OJIOKYBaHHS CHTHAJIBHOTO
mursixy IL2-STATS y imiTHHaxX KpoBi XBOPUX Ha XpOHIY-
Huit mipmoneiiko3 (XJUT). Metomu. Knitnan XJUI Bumi-
JSUTH 3 IepuepuydHOT KpOBI MariieHTiB, xBopruxua XJ1JI,
3a JJOIIOMOTOI0 EHTPU(YTyBaHHS y TPAi€eHTi (hikoI-Be-
porpadin. Excrpecito reniB STAT1-6 na piBai MPHK
aHali3yBaJIk 3a JOMOMOror 0a3u manux Oncomine.
Excmpeciro, craryc (ocdoprioBaHHs i KIITHHHY JIOKa-
mizarito 6inka STATS BuBgamm MeTonoM (GIryopecleHTHO
MIKpPOCKOMIT 3 BUKOPUCTAHHSIM CIICHU(pIYHNX aHTHUTLI.
Pe3ynabratu. Ha Bimminy Bin B-KiiTHH 3M0pOBUX JIFONIEH,
excrpecis 6ika STATSA Gymna HU3BKOIO Y KITITHHAX XBO-
pux Ha XJUJI. SIk Hamu Oys10 BCTaHOBIIGHO paHille, CUr-
HanpHUH nowax [L-2-STATS (JAK-STATS) inriboBaHo y
ximitnHax XJUJI. Hamu Gyimo moka3zaHO HU3BKHIA PiBEHB
dbochopuroBannst 6ikiB STATS, ab0 MOBHY BiJICyTHICTB
(dochoprmboBaHOi PopMH IPOTETHIB B JIEHKEMIYHUX KJTi-
trHaX. [Ipotein STATSA mokasye UTOILIa3MaTHIHY
JIOKaJTi3allito, 10 BKa3y€ Ha BiZICYTHICTh Y S/IPI KOMILICK-
CiB, aKTHBYIOUHX TPAHCKPHIIIIIO T€HIB, 3aJISKHUX Bl
(akxTopa Tparckpumii STATS. BucHoBku. [HrrOyBaHHSA
CUTHAJIBHOTO KTITHHHOTO 1UsiXy [L-2-STATS B knituHax
kpoBi xBopux Ha XJIJI peanizyeTbes 3a paXxyHOK rinogoc-
¢opmmoBanns nporeiniB STATS ta/abo BimcyTHOCTI ak-
TUBHHX KoMIUIekciB Tpanckpuniii STATSA y siapi neid-
KEMHYHUX KITITHH.

KawuoBi ciosa: Xpouiunuii msimdonerikos (XJII),
B-xnitnan nepudepnunoi kposi, STATS, STATSA,
STAT5B, curnaneaunii nmsx 1L2-STATS.

®akrop Tpanckpunuuu STATS B B-kierkax
KPOBH IIPU XPOHHYECKOM JUM(oJIeiiKko3e

A. C. Marseesna, JI. Kosanesckas, T. C. liBanosckas,
E. Kueiin, E. B. Kaury6a

Hesb. YcTaHOBUTH IPUYNHY OJIOKHPOBAHHS CUTHAIEHOTO
mytr IL2-STATS B kieTkax KpoBH OOIBHBIX XPOHUIECKUM
mmmdorneiikozom (XJLJT). Metonpl. Jlelikemuueckne Kiet-
KM BBIICISIN U3 TTepru(eprIeckoil KPOBU C TIOMOIIIBIO
LHeHTpU(YrupoBaHusl B TPAANEHTE IIOTHOCTH (PHKOJLI-BE-
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porpadun. Dxcripeccuro reHoB STAT1-6 Ha yposae MPHK
aHAJIM3UPOBAIA C TIOMOIIBIO 0a3bl JaHHBIX Oncomine.
Dkcnpeccuro, craryc GochOopHIMPOBAHUS M KICTOYHYIO
nokaymmzanuio 6eika STATS usydanm MetogoM duryopec-
LIEHTHOM MHMKPOCKOIMHU C MCIOJIb30BAaHMUEM crieruduye-
ckux aHturen. Pesyabrarel. B ommune or B-kieTok
3IOPOBBIX JIFOAEH, dKcTipeccus Oenka STATSA Obiia HI3-
Kol B kireTkax 0ompHbIX XJIJI. Kak Hamu 0110 yCcTaHOB-
JIeHO paHee, curHanbHbIN myTh [L-2-STATS (JAK-STATS)
uHrHONpoBaH B kietkax XJIJI. Hamu ObD1 OKa3aH HU3KUI
ypoBeHs (ochopummpoBanus 6enxoB STATS nmm monmHOE
orcyTcTBHe (ochHOpHIMPOBAHHON (OPMBI IPOTEHHOB B
nerikemuueckux kieTkax. [Iporenn STAT5A nokaseiBaet
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[UTOIUIA3MATUIECKYFO JIOKAIM3AIUIO, YTO YKa3hIBaeT Ha
OTCYTCTBHE B S/Ip€ KOMITIEKCOB, aKTUBHPYIOIITIX TPAHC-
KPHITIMIO TEHOB, 3aBUCUMBIX OT (paKkTopa TPaHCKPHUITLIUH
STATS. BeiBoabl. THTHOMpOBaHNE CUTHAIBHOTO KIICTOU-
Horo mytu [L-2-STATS B xnetkax xpoBHOOIBHBIX XJIJI
MIPOUCXOMUT 32 CYET TUNOPOCHOPUITHPOBAHUS OCITKOB
STATS n/unm OTCYTCTBUSI aKTUBHBIX KOMITIEKCOB TPAHC-
kpurun STATSA B siape TeHKeMUYeCKUX KIETOK.

KiawueBbie ciaoBa: XpoHHUECKUI JIMMQOIEHKO3
(XJIJI), B-kietkn mepudepudeckoii kporu, STATS,
STATSA, STATSB, curnansubiii myth [L2-STATS.
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