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THE IL-2-STATS PATHWAY
IS BLOCKED IN CHRONIC
LYMPHOCYTIC LEUKEMIA CELLS

Aim: to study the status of the interleukin-2 (IL-2) pathway in chronic lymphocy-
tic leukemia (CLL) cells, to understand functional differences between CLL and
the normal mature B-cells. Objects and methods: samples of peripheral blood of
patients with CLL, RNA isolation, analysis of expression of transcription factors,
using RT2 profiler assay and quantitative polymerase chain reaction, bioinformat-
ics analysis of publicly available data bases on expression. Results: we have found
that the JAK-STATS pathway is largely inactivated in CLL cells. Despite elevat-
ed expression of STAT2 and STATS genes at the mRNA level, STAT5-responsive
genes, such as BCL2L1 (BCL-XL), CCND2 (Cyclin D2), HIFIA, ID1, MCL 1,
and MYC are down-regulated in CLL cells, compared to peripheral blood B-cells
of healthy individuals. Conclusions: the inactivation of the JAK-STATS pathway
could be explained by the high levels of soluble IL-2RA, as was reported earlier.
Another possibility could be inhibition of STATS phosphorylation, leading to in-
ability to form the active transcriptionally protein heterodimers. The phosphory-

lation status of STAT proteins in CLL cells should be further illuminated.

INTRODUCTION

Chronic lymphocytic leukemia (CLL) is the most
common type of leukemias in Europe and USA (about
30%). The morbidity rate is approximately 3.5 per
100 000 people (5.0 for men and 2.5 for women in
USA) [1]. In Ukraine, the disease rate was 3.57/100 000
in 2016. The predisposition to the disease is often he-
reditary — the risk of developing CLL in immediate
relatives is 7 fold higher than the median of a popula-
tion [2]. Most of the cases of CLL, if not all, are preced-
ed by the monoclonal B-cell lymphocytosis, which oc-
curs in 5—10% of people over the age of 40 and progress-
esto CLL with a frequency of about 1% per year [2]. The
average age of men at the time of the disease is 70 years,
women — 74 years. In people, younger than 50 years
old, CLL is found very rarely and it was not diagnosed
in children [3, 4].

CLL is represented by monomorphic small round
B-lymphocytes with an admixture of pre-B-cells and
a presence of characteristic pseudo-follicular centers
of proliferation (revealed by an analysis of histological
samples) [5]. Diagnosis is usually made on the base of
infiltration of a bone marrow by clonal population of B-
cells and the high content of B-cells in peripheral blood
(> 5-10-10°) [6].

In spite of long history of CLL study, mechanisms
of emergence and development of this disease are still
not fully understood.

One of the hypotheses on the CLL origin is the ac-
cumulation of long-lived immunologically incompe-
tent B-lymphocytes, which divide very rarely (mature
B-cells) (Fig. 1, a). It was proposed that a proportion
of CLL cells bearing immunoglobulins variable (IgV)
region without mutations arise from the mature CD5-
positive B-cells [7]. The heavy-water studies have shown

OHKOJIOTUA e T. 19 e N2 42017

that a small subset of the immortal cells is proliferating.
However, the number of the new cells formed per day is
very small, ranging from 0.1 to 0.35% of the total num-
ber of cells in the clone [8].

On a surface of CLL cells the CDS5, IgM/IgD and
CD19 antigens were simultancously detected, that lead to
ahypothesis that CLL arise from naive B-cells (Fig. 1, b).
This was supported by a finding of a post germinal cen-
ter B-cells, expressing the CD5 and CD27 and possess-
ing the mutated IgV. It was concluded, that CLL with
mutated IgV could be originated from such B-cells [7].

Another possibility is that CLL represents transition-
al Bl-cellsthat are also CD5-positive (Fig. 1, ¢). Bl-cells
are very poorly characterized. It is known, however, that
CDS5 expression is not a main feature of these cells [9].
Recently, it was shown that a subset of the B1-cells can
produce antibodies [10], in contrast to behavior of CLL
cells.

It seems that the first hypothesis correctly charac-
terizes CLL cells as the B-cells, incapable to respond to
different stimuli from the microenvironment (Fig. 1, d).
At the normal conditions, there is an ideally tuned bal-
ance between stimuli for cells to proliferate and/or un-
dergo apoptosis. Such signals could be transduced via
B-cell receptor (BCR), expressing on a surface of ma-
ture B-cells, and also by chemokine and cytokine recep-
tors or by direct contact with other cells.

T-cells are among the main players in the CLL mi-
croenvironment. Surprisingly, the different sets of T-cells
were detected in CLL-patients, compared with healthy
individuals. Thus, the absolute count of regulatory T-cells
(Tregs) was dramatically increased in the peripheral
blood of CLL patients [11, 12]. Also, the number of help-
er T-cells (Th), especially Th17, was simultaneously de-
creased [13]. One of the main inducers of T-cell activa-
tion and differentiation is interleukin-2 (IL-2) [14, 15].
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Of note, the huge increase (up to more than 100 fold)
of soluble interleukin-2 receptor alpha (sIL-2RA) was
measured in sera of CLL patients, especially in patients
with the advance stage of the disease [16].
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Fig. 1. A scheme representing a putative origin of CLL cells: a —
a mature B-cell; & — the memory B-cell; ¢ — the transitional
B1A cell; d — the typical CLL cell. The scheme was prepared
with the help of a ChemOffice® Professional 17 free trial copy

We asked a question what is the status of the
IL-2 pathway in CLL cells, with an aim to understand
how CLL cells differ from the mature B-cells.

MATERIALS AND METHODS

Clinical specimens

Samples of peripheral blood of CLL patients were ob-
tained at the R.E. Kavetsky Institute of Experimental Pa-
thology, Oncology and Radiobiology (IEPOR) of NAS
of Ukraine (from 19.11.2014 till 31.12.2016). The study in-
cluded 29 patients with B-cell CLL diagnoses. The main
types and cytological variants of diseases were diagnosed,
according to the WHO classification [17]. For control, B-
cells were isolated from the peripheral blood of 3 healthy
donors. All experimental work was performed, according
to protocols, approved by the Committee on Bioethics at
R.E. Kavetsky IEPOR.

RNA isolation and c-DNA synthesis

CLL cells were isolated from the peripheral blood
by Ficoll-Paque gradient centrifugation, resuspend-
ed in TRIzol reagent (Gibco BRL, USA) and stored at
—20 °C until further use. The total RNA was isolated, us-
ing the RNeasy Mini Kit (Qiagen Inc., Germany), ac-
cording to the manufacturer’s instructions. The cDNAs
were synthesized, using M-MLV Reverse Transcriptase
and RNAse inhibitor (Invitrogen, USA), according to
the manufacturer’s protocol. 2 pg of total RNA was used
for cDNA synthesis.

Analysis of transcription factors expression, using
RT2 profiler assay

The expression profile of 84 transcription factors
was studied, along with 12 positive and negative con-
trols (a total of 96 genes) on two identical PARN-075Z
plates. The RNA mixture consisted of 25 ul (a half) of
each RNA solution, isolated from the samples. The con-
trol group was a mixture of RNA, isolated from periph-
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eral blood B-cells of 3 healthy donors. g-PCR was per-
formed, using 2 pg cDNA and the SYBR Green Master
Mix (Thermo Fisher Scientific Inc., USA) on PCR Sys-
tem 7500 (Applied Biosystem, USA). CT was not mea-
sured after 35 cycles. The obtained CT values were down-
loaded to the manufacturer’s website (Thermo Fisher
Scientific Inc., USA) for online analysis of expression
of transcription factors.

Bioinformatic data analysis

In order to analyze expression of genes at a mRNA
level, several publically available databases were used:
the GTEx Portal (http://www.gtexportal.org/home);
the Broad-Novartis CCLE (Cancer cell line encyclope-
dia) portal at the Broad Institute website (https://por-
tals.broadinstitute.org/ccle); the Oncomine, which con-
tains published data that has been collected, standard-
ized, annotated and analyzed by Compendia Bioscience
(www.oncomine.com, September 2017, Thermo Fisher
Scientific, Ann-Arbor, MI, USA).

RESULTS AND DISCUSSION

Expression of 84 transcription factors was studied,
using the PARN-075Z platform. To reveal the dif-
ferences of gene expression in cells of CLL patients,
a mixture of RNA isolated from the peripheral blood
B-cells of 29 CLL patients and RNA samples from
three healthy donors was used. Only few genes were ex-
pressed at a higher level in CLL cells compared with B
cells of healthy donors, namely, POU2, ATF1, NFATS,
NFATC1,JUNB, JUN, and RELB (see also our earlier
publication [18]). We have found that several genes,
stimulating proliferation, such as MYC and NFkBI,
were downregulated (3.26 and 4.23 fold, respectively)
in CLL cells. This corresponds to the nature of CLL
cells, which do not show a proliferative activity. Not
only MYC, but also /D1 and HIFIA transcription fac-
tors expressed at very low levels in CLL cells (Fig. 2,
a). To validate our results, an analysis of the open pub-
licly available data bases was performed. Thus, we have
found that the ID 1 gene was downregulated in CLL,
compared with peripheral blood B-cells of the healthy
donors (Fig. 2, b, ¢). Results presented in Fig. 2, b, ¢
were obtained by analysis of the data at the Oncomine
portal [19] and [20], respectively. The same trend was
shown by the MYC gene (Fig. 2, d, e), as was shown
by a study on various tumor types and lymphomas [19]
and [21], respectively.

Noteworthy, all the above-mentioned genes —
HIFIA, IDI and MYC — are responsive genes of an IL-2
induced JAK-STATS signaling pathway [22]. Therefore,
next we have analyzed expression of other STAT5-re-
sponsive genes, namely MCL 1, BCL2, BCL-XL, Cyclin
D2 (CCND2), and Cyclin D1 and cyclin-dependent ki-
nase inhibitors p21 (CDKN1A) and pl6 (CDKN2A) as
controls.

Expression of the MCLI gene was down-regu-
lated (Fig. 2, f, according to [20]), as well as BCL2
(Fig. 3, @), BCL-XL (Fig. 3, b) and Cyclin D2 (Fig. 3, f).
Noteworthy, expression levels of p16, p21 and Cy-
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Fig. 2. Expression levels of STAT5-responsive genes: a — relative expression at the mRNA level, assessed by g-PCR; b — the
ID1 gene expression at the mRINA levels, assessed by microarray technique [19]; ¢ — the /D1 gene expression at the mRNA levels,
assessed by microarray technique [20]; d — the MYC gene expression at the mRNA levels, assessed by microarray technique [19];
e — the MYC gene expression at the mRNA levels, assessed by microarray technique [21]; f— the MCL1 gene expression at the

mRNA levels, assessed by microarray technique [20]

clin DI have not changed at the same time (Fig. 3, ¢,
d, e, respectively).

Next question was asked, what is the status of STAT
genes in CLL cells of a studied cohort of patients. We
have found, that expression of STAT genes was not al-
tered, except for up-regulation of STAT2 and STATS5A
and dramatic down-regulation of STAT4 (Fig. 4, a).
Noteworthy, similar trend for STAT5A4 and STAT5B
was reported earlier by [20] (Fig. 4, b, ¢). Important-
ly, mRNA levels of STAT5A and STATSB are quite high
in many lymphoid organs and in tumor cell lines of B-
cell origin (Fig. 5).

Taking into consideration, that STAT proteins func-
tion as transcription factors only as heterodimers of phos-
phorylated proteins [22], the down-regulation of the re-
sponsive genes could be due to lack of phosphorylation,
absence of IL-2RA expression, or no IL-2 in the pe-
ripheral blood.

In order to monitor the levels of IL-2RA mRNA, we
analyzed the publicly available databases. /L-2RA expres-
sion was quite high in many lymphoid tumors, as well as
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in lymphoid organs and blood (Fig. 6, a, b). Moreover,
CLL cells and peripheral blood B-cells demonstrated
similar 7/L-2RA expression (Fig. 6, ¢, d).

As was mentioned above, in the serum of CLL pa-
tient the concentration of soluble IL-2RA was 100 fold
higher, compared to the blood of healthy individu-
als [16]. It is reasonable to conclude, that even a spe-
cial set of T-cell secrets IL-2, this cytokine is inacti-
vated by sIL-2RA, and CLL cells do not get a signal
to differentiate into plasma cells, or antibody produc-
ing cells. Therefore, we propose that inactivation of the
JAK-STATS pathway might be due to lack of free IL-2
(Fig. 7), or due to inability of STAT proteins to become
phosphorylated and form heterodimers. The latter will
be a subject of our future work.

CONCLUSIONS

We have found that the JAK-STATS pathway is large-
ly inactivated in CLL cells. Despite elevated expression
of STAT2 and STATS genes at the mRNA level, STATS-
responsive genes, such as BCL2L1 (BCL-XL), CCND2
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ig. 5. Relative expression levels of STAT5A (Entrez Gene ID

genes at the mRNA level. An analysis of expression in B-cell
formed B-lymphocytes (indicated with arrows on (b)), as was assessed on September 15, 2017 at http://www.gtexportal.org/home.

Simultaneously, the highest levels of STAT5B were detected in whole blood (indicated with arrows on (d)). RPKM — read per ki-

the signal intensity. Noteworthy, the high levels of the STAT54 were detected in whole blood and spleen, as well as in EBV-trans-
lobase per million mapped reads, normalized to the gene length

performed on September 15%, 2017 at https://portals.broadinstitute.org/ccle. RMA — Robust multichip averaging, relative units of

OHKOJIOTUA o T. 19 e N2 4 ¢ 2017



OPUTUHATIbHbBIE MCCNNEOOBAHWA

»n K4
P s yé b 8 § IL2RA
9 5 [
= 2 2
< n / K] § ,g E
E o o o 2
g . S % o® g
—:_;- 10 ¥ ; » 8 8 >
g, , 8 8838 .8
- = © = B = 8
2 8 3 60 £ £ 3 <
g 8 o O O ) = O, (=] w
Y . _ .\
X & o .
o 7 / . b1 3
] .
g . 5
£ ¢ . 5 T
"L . T 2
g 513 g‘ i f! I 1 .1 ] § |
< I TodldBeaanhadd 31 i 3 |
L WPRel BUDReabngatbobsdanbobbabonses-ds 8 i
g o5
AR D Y NS N 13
\:131%“ o@,q \ge\xl @9{3@%&@ ;‘,@?@M\% 1«\36. :\gt};&%\ g, | L N
£ ; ;
w:" \\z & \;(\é:;@o %:6\;\ R «3}" %R «:’ e @( @&Q —_ ===
e w/h & Ee,?« e é’\& R OISOt 05 = .
ST 5‘:9\\" z\@\ 2 & &N SE & q\\@ &
C \\**@é\)* & & & S < Numberof +——+ —t— — ]
o & samples 5 5 1 1 1 38 36 7
4202 measured genes; top 5%; p-value 1-e4
10
80+
. d . IL2RA
<
o ) $ =
B d \ s & 3,8
g 0] o 4 2o
o
g o $
Q. 4 =
3 o1 - I |: S 2 /
g / / . g T |
~ 2
= 2 1% 4. > 3 8 o5 = :
H E 1 s |
1§ A | > ll & 00— : —
111 ] = 13 | T
olmdmlic ..., 3 8T alul T AN WL ol I -
s i
..................................................... g -2 g
3 \ é .
ey PEE A ‘k@@\&‘d *‘wp&, ao sw& % bl
@@«\o*,b\ed K \\Q?'MQP@ ° PREFAGE AR o el a‘\ s S C‘ 9 $
L R O »i«%ts*di%w%ng‘«:&fvﬁ k\\»“‘“ z:f « Nomber of = )
Ko & Q X o N
Y\gf‘a (\n“\%\]g\ Q,@“\ 0(_,62‘2‘?®Q Q#Q»g«« & & °°3l@ 2 635 measured genes; top 5%; p-value 1-e~4
¥ RO O &5
0@\(\ (\“\o d‘@ é@% 6@
o &
&

Fig. 6. Relative expression levels of IL-2RA (Entrez Gene ID: 3559) at the mRNA level. An analysis of expression in B-cell origi-
nated tumor cell lines (indicated with arrows on (2)) was performed on September 15*, 2017 at https://portals.broadinstitute.
org/ccle. RMA — Robust multichip averaging, relative units of the signal intensity. The high levels of the IL-2RA were detect-
ed in spleen and in EBV-transformed B-lymphocytes (indicated with arrows on (¢)), as was assessed on September 15%, 2017 at
http://www.gtexportal.org/home. RPKM — read per kilobase per million mapped reads, normalized to the gene length. IL-2RA
expressed at the similar levels in CLL cells and B-lymphocytes, as was shown by the microarray technique (o) — analysed data

from [19], d — analysed data from [21]

(Cyclin D2), HIFIA, ID1, MCL1, and MYC are down-
regulated in CLL-cells, compared to peripheral blood
B-cells of healthy individuals.

The inactivation of the JAK-STAT'S pathway could be
explained by the high levels of soluble IL-2RA, as was
reported earlier. Another possibility could be inhibition
of STATS phosphorylation, leading to inability to form
the active transcriptionally protein heterodimers. The
phosphorylation status of STAT proteins in CLL cells
should be further illuminated.
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CUrHAJNTbHUA LUNAX IL-2-STATS
3ABJNTOKOBAHO Y KNMNITUHAX
XPOHIYHOIO NIM®ONIENKO3Y

A. Mameseesa, JI. Kosaaescvka, A. Hoaiwyk,
0. Kawyba

Pesiome. Mema: sueuumu cman waaxy inmepaeiixi-
Hy-2 (IL-2) y kaimunax xpoHiunoeo Aimgoyumapro-
2o netixosy (XJL), w06 3posymimu ghyrrcyionanvhi 6io-
Mminnocmi misic XU i 3pinumu B-knimunamu. O6’exmu
i memoou: 3pasxu nepughepuroi kposi xgopux Ha XJ1I,
i3onayis PHK, ananis excnpecii mpanckpunyitinux
gakxmopie i3 euxopucmannam ananizy naamu RT2
ma KinbKicHol nonimepasHoi AanHK02060i peakyii, bio-
inghopmamuunuii ananiz 3azanvHodocmynnux 6a3 da-
HUX wodo excnpecii eenie. Pezyabmamu: auséneno,
uio cuenanvruii wnanax JAK-STATS nepesasxcro inax-
muegosanuii 6 kaimunax XJI/I. Heseaxcaiouu Ha nio-
euweny excnpeciro eenie STAT2 ma STATS na pisHi
MPHK y kaimunax XJLI excnpecin eenie, axi mparncax-
mueyiomocsa STATS, maxux ax BCL2L1 (BCL-XL),
CCND2 (yuxnin D2), HIFIA, ID1, MCL1 ma MYC,
3HUNCEHA NOPIGHAHO 3 YUM NOKA3HUKOM Y B-kaimunax
nepugepuunoi kposi 300posux OoHopie. Bucnoexu:
inaxmuseayis wasxy JAK-STATS moxce 6ymu nosic-
Hena eucoxum pienem posyunnoeo IL-2RA, ax 6yao
nokasano paniwe. Taxoxc € moxcrusum ineibyean-
Ha gocgopunoeanns npomeiny STATS, wo pobums
HeMOoXdCAUBUM YmBopeHHs eemepodumepie Ginkia, AKi
€ mpanckpunyiiino axkmusrumu. Cman gocgopunro-
eanns binkie STAT y kaimunax XJIJI nompebye do-
0amK06020 UGHEHHS.

Kmouosi cioBa: B-KiriTHHHUI XpoHiYHMH
niMborrapHuii nekko3 (XJLJI), inTepreikia-2
(IL-2), CD25, STAT, dakTopy TpaHCKPHIIILI,
musix IL-2-STATS.
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