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Protein kinase CK2 modulates IL-6 expression in inflammatory breast cancer
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Inflammatory breast cancer is driven by pro-angiogenic and pro-inflammatory cytokines. One of them
Interleukin-6 (IL-6) is implicated in cancer cell proliferation and survival, and promotes angiogenesis,
inflammation and metastasis. While IL-6 has been shown to be upregulated by several oncogenes, the
mechanism behind this phenomenon is not well characterized. Here we demonstrate that the pleotropic
Serine/Threonine kinase CK2 is implicated in the regulation of IL-6 expression in a model of inflammatory
breast cancer. We used siRNAs targeted toward CK2 and a selective small molecule inhibitor of CK2, CX-
4945, to inhibit the expression and thus suppress the secretion of IL-6 in in vitro as well as in vivo models.
Moreover, we report that in a clinical trial, CX-4945 was able to dramatically reduce IL-6 levels in plasma
of an inflammatory breast cancer patient. Our data shed a new light on the regulation of IL-6 expression
and position CX-4945 and potentially other inhibitors of CK2, for the treatment of IL-6-driven cancers and
possibly other diseases where IL-6 is instrumental, including rheumatoid arthritis.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

Inflammatory breast cancer (IBC) is a highly aggressive and pro-
liferative form of breast cancer that disproportionally affects youn-
ger women. While it comprises only 1–6% of all breast cancer cases
in the US, the 5-year survival post-diagnosis is less than five percent
(reviewed in [1]). IBC is a high grade aneuploidy cancer character-
ized by frequent absence of estrogen and progesterone receptor
expression, high levels of E-cadherin and activation of RhoC. IBC
is also characterized by overexpression of pro-inflammatory cyto-
kines such as Interleukin-6 (IL-6), angiogenic chemokines, and
angiogenic growth factors such as Interleukin-8 (IL-8) and vascular
endothelial growth factor (VEGF) [2].

The cytokine IL-6 possesses strong pro-carcinogenic activity due
to its roles in tumor cell proliferation and survival, angiogenesis,
inflammation and metastasis (reviewed in [3]). Not surprisingly,
serum IL-6 levels were found to negatively correlate with the clin-
ical outcome for patients with various types of cancer, including
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breast, lung and colon [4–6]. Multiple therapeutic approaches tar-
geting IL-6 activity, including anti-IL-6 monoclonal antibodies
(CNTO 136, Siltuximab/CNTO 328, Elsilimomab), anti-IL-6 avimer
protein (C326), hemoperfusion device (CytoSorb), anti-IL-6 recep-
tor monoclonal antibody (MRA) and angiotensin II receptor antag-
onists (Valsartan, Irbesartan, Olmesartan) are currently being
investigated in pre-clinical settings and in clinical trials, highlight-
ing the importance of IL-6 as a therapeutic target [7–11]. As such,
Tocilizumab (anti-IL-6 receptor monoclonal antibody) has already
been approved by the FDA for the treatment of rheumatoid arthritis
[12].

Rather than directly targeting IL-6, like the therapeutic options
described above, an alternate approach would be to disrupt the
production of IL-6 by targeting upstream regulatory factors. One
such potential upstream regulatory target is protein kinase CK2.
Like IL-6, CK2 has been shown to positively regulate tumor cell
proliferation and survival, angiogenesis, inflammation and metas-
tasis [13,14]. CK2 is a Ser/Thr kinase that is often overexpressed
in cancer, and is also known to control the expression of IL-8 and
VEGF [15,16]. This rationale prompted an investigation of the
potential link between CK2 and IL-6 in a model of IBC. For this pur-
pose we employed CX-4945, a first-in-class small molecule selec-
tive inhibitor of CK2, currently in clinical development [17,18].
Treatment of the IBC cell line SUM-149PT with CX-4945 resulted
in dose-dependent reductions in the expression and secretion of
IL-6, demonstrating that CK2 modulates IL-6 expression. These
data were supported by siRNA studies targeting the catalytic sub-
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units of CK2. To further investigate the pharmacologic effects of
CK2 inhibition on IL-6 expression, we treated SUM-149PT xeno-
graft bearing mice with CX-4945. Oral administration of CX-4945
resulted in reduced plasma levels of human IL-6. Likewise, in the
clinical setting, an IBC patient responded to CX-4945 treatment
by a major reduction in her IL-6 plasma levels. Collectively, these
data demonstrate a link between CK2 activity and IL-6 expression
and position CK2 as a potential therapeutic target for the treatment
of IL-6-driven disorders.

2. Materials and methods

2.1. Cell culture

Human IBC cell line SUM-149PT was obtained from (Asterand,
Detroit, MI) and passaged in Ham’s media containing 5% FBS,
5 mg/mL insulin, 1 mg/mL hydrocortisone and 10 mM Hepes at
37 �C.

2.2. siRNA transfection

Cells were grown to sub-confluency in 6-well plates and trans-
fected with ON-TARGETPlus™ Smartpool siRNAs using Dharma-
FECT1 reagent by following the manufacturer’s protocol
(Dharmacon, Lafayette, CO). Equal molar amounts of non-targeting
negative control siRNA or CK2a and CK2a0- specific siRNAs were
used for each transfection reaction. After transfection, cells were
harvested at indicated times for western blot analyses.

2.3. Elisa

Hundred microlitres of conditioned media or murine plasma
were tested for human IL-6 using BD OptEIA™ Human IL-6 ELISA
Kit II (BD Biosciences, San Jose, CA).

2.4. qRT-PCR

The RNA was isolated from treated cells using RNeasy kit (QIA-
GEN, Valencia, CA) and relative levels of IL-6 mRNA were measured
using Applied Biosystems’ (Foster City, CA) proprietary primers-
probe set. Analysis was run on 7900HT Real Time PCR System (Ap-
plied Biosystems, Foster City, CA).

2.5. In vivo

Animal experiments were performed with five to six week old fe-
male athymic (NCr nu/nu fisol) mice of Balb/c origin (Taconic Farms,
Germantown, NY) in accordance with the recommendations in the
Guide for the Care and Use of Laboratory Animals of the National
Institute of Health. The protocol was approved by Cylene Pharma-
ceuticals’ Institutional Animal Care and Use Committee. All efforts
were made to ameliorate animal suffering. Mice were inoculated
with 5 � 106 cells in 100 lL suspension subcutaneously in the right
flank. Tumor measurements were performed by caliper analysis, and
tumor volume was calculated using the formula (l �w2)/2, where
w = width and l = length in mm of the tumor. Established tumors
(�200 mm3) were randomized into untreated or treated groups. At
the end of dosing the animals were sacrificed, their tumors were ex-
cised and weighed, plasma was collected and human IL-6 levels
were measured using the ELISA kit as described previously.

2.6. Clinical data

In a Phase I, dose escalating, clinical trial, patient plasma sam-
ples were collected prior to treatment and again following 21 days
of twice daily oral doses of CX-4945. The level of IL-6 was quanti-
tated using the Quantikine� Human IL-6 Immunoassay Kit (R&D
Systems, Inc, Minneapolis, MN). The study was performed in accor-
dance with Helsinki Declaration and approved by Food and Drug
Administration. All patients gave an informed written consent.
The trial was registered in the ClinicalTrials.Gov Registry (No.
NCT00891280).
3. Results

3.1. Inhibition of CK2 blocked the in vitro secretion of IL-6 by IBC cells

First we wanted to test if the inhibition of CK2 would translate
into downregulation of IL-6 expression in IBC cells grown in cell cul-
ture. To modulate the activity of CK2 we used CX-4945, a first-in-
class small molecule inhibitor that selectively and potently inhibits
enzymatic activity of both catalytic isoforms CK2a and CK2a0

[17,18]. As a model of IBC we selected SUM-149PT cells [19], as these
are readily available from a commercial source, well characterized in
the literature and known to secrete significant levels (�1.5 ng/mL)
of IL-6 into the culture media. qRT-PCR analysis of the total RNA iso-
lated from SUM-149PT cells treated with various concentrations of
CX-4945 for six hours demonstrated that CX-4945 inhibited tran-
scription of IL-6 mRNA with an IC50 = 0.658 lM (Fig. 1A). To test if
this observation translated into reduced IL-6 production, we used
ELISA to measure the resulting levels of IL-6 in the culture media.
ELISA analysis demonstrated that a six-hour treatment of SUM-
149PT cells by CX-4945 caused dose-dependent (IC50 = 4.7 lM)
depletion of human IL-6 from the cell culture media (Fig. 1B). Thus,
CX-4945 reduced the expression and production of IL-6 from IBC
cells in vitro.

To ensure the effect of CX-4945 on IL-6 was due to the inhibi-
tion of CK2, we transfected SUM-149PT cells with siRNAs targeting
the catalytic subunits of CK2 or a scrambled control siRNA. Sev-
enty-two hours after the transfection, the effect on IL-6 secretion
was determined by ELISA, while the CK2 knockdown was con-
firmed by western hybridization. A seen in Fig. 1C, knockdown of
both CK2a and CK2a0 by siRNAs dramatically reduced the expres-
sion of their targets and had a significant effect on the phosphory-
lation of the CK2-specific site on Akt, Ser129. Interestingly, there
was a clear subunit-dependence in the inhibition of IL-6 produc-
tion, with CK2a knockdown having a significant effect on secretion
of IL-6, while cells transfected with siRNA targeted toward CK2a’
produced IL-6 levels similar to cells transfected with a scrambled
control siRNA (Fig. 1D). These findings demonstrate that CK2, and
in particular the CK2a isoform, modulates the expression of IL-6
and that CX-4945 acts to prevent IL-6 production through its inhib-
itory activity on CK2.
3.2. Suppression of IL-6 secretion by inhibition of CK2 downregulated
activation of STAT3

IL-6 has been demonstrated to exert its oncogenic potential, at
least in part, through the kinase JAK2-dependent activation of the
transcription factor STAT3 [20]. We therefore asked if inhibition of
CK2 by siRNAs or CX-4945 would translate also into downregulation
of STAT3 activation. Treatment of SUM-149PT cells with siRNA
against CK2a (for 72 h) and CX-4945 (for 6 and 24 h) significantly
decreased phosphorylation of the JAK2-specific Y705 site on STAT3
(Fig. 2A). The inhibition of STAT3 activation by CX-4945 was depen-
dent upon both concentration and time, such that substantial inhibi-
tion of STAT3 phosphorylation was observed with 1 lM CX-4945
after 24 h (Fig. 2B). These data demonstrate that inhibition of CK2
activity results in reduction of IL-6 production and suppression of
the downstream activation of STAT3.



Fig. 1. CK2 controls expression of IL-6 in SUM-149PT IBC cell line. (A) CX-4945 inhibits the expression of IL-6. (B) CX-4945 inhibits the secretion of IL-6. (C) CK2 siRNAs affect
CK2 protein levels and phosphorylation of AKT at S129. (D) CK2a siRNA inhibits the secretion of IL-6.

Fig. 2. Inhibition of CK2 by siRNA or CX-4945 suppresses phosphorylation of STAT3. (A) Western blot. (B) Graphic analysis.
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3.3. CX-4945 inhibited IL-6 secretion in vivo

To test if modulation of IL-6 secretion by therapeutic inhibition
of CK2 can be achieved in an in vivo setting, we examined the effect
of CX-4945 on nu/nu mice bearing SUM-149PT xenografts tumors.
When mice developed palpable tumors (approximately 200 mm3

in size), they were randomized in two groups: treated, that re-
ceived CX-4945 orally for eight days at 75 mg/kg BID, and un-
treated, that received vehicle on the same schedule. Eight hours
after the last dose of CX-4945, animals from both groups were sac-
rificed, the tumors were weighed and whole plasma was collected
from each animal. Treatment with CX-4945 significantly reduced
plasma levels of human IL-6 in SUM 149PT xenograft-bearing
mice: 61.03 ± 15.10 (pg of IL-6/mL of plasma/g of tumor) in treated
group versus 143.6 ± 32.55 (pg of IL-6/mL of plasma/g of tumor) in
untreated (Unpaired t test two-tailed P = 0.025, Fig. 3).

3.4. CX-4945 reduced IL-6 plasma levels in IBC patient

As an element of a Phase I clinical trial with CX-4945 delivered
orally to patients with solid tumors, we investigated the potential
of the drug to affect IL-6 plasma levels in an IBC patient that was
treated orally with 300 mg/kg BID of CX-4945 and completed a full
21 days treatment cycle. Prior to treatment the patient had IL-6
plasma levels of 46.1 pg/mL. Following 21 days of treatment with
CX-4945, the plasma IL-6 levels were substantially reduced to
6.4 pg/mL, a decrease of 86%. These data demonstrate that the ef-
fect of CX-4945 on CK2 can translate into in vivo reductions in
IL-6 production in humans with tumors that express and rely on
IL-6.
4. Discussion

Successful treatment of patients with IBC presents a major chal-
lenge for modern oncology. While positive results have been re-
ported for the use of trastuzumab in a clinical setting in Her-2
positive IBC patients [21], there is still a severe unmet need for no-
vel targeted approaches to treat this aggressively lethal form of
breast cancer. IBC is highly angiogenic, invasive and metastatic
due to the production of high levels of pro-angiogenic and pro-
metastatic pro-inflammatory cytokines such as IL-6 [2]. High levels
of IL-6 correlate with poor prognosis in breast, lung and colon can-
cer patients [4–6] and this cytokine was shown to play important
roles not only in tumorigenesis, but also in inflammatory diseases
such as rheumatoid arthritis, for the treatment of which an anti-IL-
6 receptor antibody was approved by the FDA last year [12]. While
the role of IL-6 in inflammation and carcinogenesis is clearly estab-
Fig. 3. CX-4945 inhibits the secretion of IL-6 by SUM-149PT xenografts.
lished, the exact mechanism that regulates IL-6 expression is not
well defined. Several transcription factors, including NF-kB, have
been shown to control the transcription of IL-6 and activation of
certain oncogenes, such as mutant EGFR or RhoC, are known to in-
crease IL-6 levels [2,22,23]. CK2 has been shown to be regulated by
EGFR signaling and in turn can activate NF-kB [24,25], which may
explain our findings that the small molecule CK2 inhibitor CX-
4945, as well as siRNA targeted to CK2a, can downregulate the
expression of IL-6 in a model of IBC. Interestingly, siRNA for CK2a0,
while having no effect on IL-6 expression, inhibited the phosphor-
ylation of STAT3 that is downstream from IL-6 signaling. The pos-
sible explanation for this observation is that both isoforms of CK2
may affect activation of STAT3 at different stages, with CK2a being
involved in the regulation of IL-6 expression and CK2a0 (and possi-
bly CK2a) playing a different role in the signaling cascade that
leads to the phosphorylation of STAT3. This hypothesis is sup-
ported by data published by Piazza and coworkers, which demon-
strated that treatment of primary CD138 + multiple myeloma cells
with the two moderately selective CK2 inhibitors TBB and K27 sup-
pressed activation of STAT3 when stimulated with exogenous IL-6
[26].

While the regulation of IL-8 and VEGF by CK2 has been previ-
ously described [15,16], our work represents the first report that
CK2 also regulates the expression of IL-6. We determined that
the regulation occurs at the transcription level; however a more
detailed mechanism remains to be defined. In addition to our pre-
clinical in vitro and in vivo data, our findings were supported by the
observations in a Phase I clinical trial, that an IBC patient who re-
ceived a full cycle of treatment with CX-4945 exhibited a signifi-
cant decrease in IL-6 plasma levels.

Here we present the first evidence that protein kinase CK2 reg-
ulates the expression of IL-6. We have shown previously that CX-
4945, through its action on CK2, has anti-angiogenic, anti-prolifer-
ative and pro-apoptotic properties in various models of cancer
[17]. Demonstration herein that CX-4945 also inhibits IL-6 produc-
tion offers further validation for targeting CK2 for the treatment of
cancer. Furthermore, given the role of both CK2 and IL-6 in patho-
logic processes in diseases beyond cancer, this work positions CX-
4945, and other CK2 inhibitors, as potential therapies for multiple
diseases that are driven by inflammation.
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