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ABSTRACT

Background: Protein kinase CK2 (also known as casein
kinase 2) is a messenger-independent protein serine/
threonine kinase ubiquitously distributed in eukaryotes.
CK2 has been found to phosphorylate a wide variety of
cytosolic and nuclear substrates which are intimately
involved in regulation of DNA, RNA, and protein syn-
thesis, and differentiation. We therefore addressed the
hypothesis that malignant transformation of upper aero-
digestive tract mucosa to squamous cell carcinoma of the
head and neck (SCCHN) might be associated with al-
tered CK2 activity.

Materials and Methods: To this end, we subjected
surgical specimens of SCCHN tumors and of normal
oropharyngeal mucosa to subcellular fractionation.
We then quantitated CK2 activity in cytosol and
nuclei of these specimens using a CK2-specific pep-
tide substrate (Arg-Arg-Arg-Glu-Glu-Glu-Thr-Glu-
Glu-Glu).

Results: We found that CK2 activity was significantly
elevated in both nuclear (p < 0.0005) and cytosolic
(p < 0.0034) compartments of SCCHN tumors, relative
to normal oropharyngeal mucosa. Moreover, CK2 activ-
ity in the cellular cytosolic fraction of SCCHN tumors was
associated with less differentiated histologic grade (p <
0.037), positive nodal metastatic status (p < 0.056), and
a poor clinical outcome (p < 0.028). Kaplan-Meier cu-
mulative survival analysis revealed greatly reduced sur-
vival in the high-CK2 activity patient group, with high
statistical significance (p < 0.023).

Conclusions: These preliminary data reveal that
malignant transformation of the upper aerodigestive
tract mucosa is associated with altered CK2 activity.
The results further suggest that dysregulation of this
protein kinase may play a significant role in the
pathobiology of SCCHN, and that CK2 activity may
be a prognostic indicator in this malignancy.

INTRODUCTION

Squamous cell carcinoma of the head and neck
(SCCHN) comprises approximately 90% of the
malignancies of the head and neck (1,2). These
are aggressive neoplasms which pose a signifi-
cant international public health problem (1-3);

Address correspondence and reprint requests to: Khalil
Ahmed, Cellular and Molecular Biochemistry Research
Laboratory (151), VA Medical Center, One Veterans Drive,
Minneapolis, MN 55417, U.S.A.

Copyright © 1995, Molecular Medicine, 1076-1551/95/$10.50/0
Molecular Medicine, Volume 1, Number 6, September 1995 659-666

in the United States alone, more than 40,000
new cases are diagnosed annually. In spite of a
steady increase in incidence, and the significant
morbidity and mortality carried with it, advances
in treatment have not resulted in measurable
improvement in overall survival; one-third of
these patients die within 5 years despite multi-
modality therapy (4,5). Although early diagnosis
has been demonstrated to improve overall sur-
vival rates in these patients, proper recognition
of the malignant potential of SCCHN lesions has
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been hindered by a lack of observer-independent
histopathologic criteria and cellular markers of
aggressive tumor behavior (6-8). An improved
understanding of the biological aggressiveness,
or malignant potential, of a particular tumor at
the time of presentation would allow for prudent
choices among treatment options, and would
ideally contribute to therapeutic advancements.
While some biomarkers of malignant transfor-
mation in SCCHN have been advanced, none
have yet proven to be clinically useful (7-13).

Recent advances in the field of regulatory
protein phosphorylation may provide a promis-
ing area for clinical research focussed on poten-
tial prognostic markers. Phosphorylation of pro-
teins as a post-translational modification is
considered to play a pivotal role in the regulation
of cellular growth and differentiation (reviewed
in Refs. 14-16). Aberrant phosphorylation of a
variety of regulatory proteins, including onco-
gene products, and kinases themselves, has been
associated with malignant transformation in sev-
eral cancers (reviewed in Ref. 17). In cancers
other than SCCHN, kinase activation is clearly
associated with malignant transformation; pro-
tein kinase CK2 is one such kinase.

CK2 is a ubiquitous serine/threonine kinase
known to occur as a tetrameric complex of a (Mr
41,000), a’ (Mr 38,000), and B (Mr 28,000) sub-
units, with an o, 3, or @a’B, configuration, and is
localized in both cytosolic and nuclear subcellu-
lar compartments (reviewed in Ref. 18). CK2 is a
multipotential enzyme, and is reported to phos-
phorylate a number of substrates known to play
a pivotal role in cell division and differentiation
(18). There is evidence that CK2 may transmit
signals to the nucleus by its translocation be-
tween the cytoplasm and the nucleus in response
to growth stimuli (19-21). Furthermore, several
reports suggest that CK2 activity is modulated by
various agents, including steroid hormones, in-
sulin, and epidermal growth factor (EGF)
(18,19,22,23). CK2 activation has been associ-
ated with malignant transformation. As exam-
ples, elevated levels of CK2 activity have been
detected in human prostatic, lung, and colon
carcinomas (19,24,25). The role of CK2 as an
oncogene is further supported by a recent report
that overexpression of CK2 in the lymphocytic
compartment of transgenic mice is capable of
transforming lymphocytes (26).

We therefore addressed the hypothesis that
malignant transformation of upper aerodigestive
tract mucosa to SCCHN may be associated with
altered CK2 activity. Furthermore, we postulated

that altered subcellular distribution of CK2 might
be associated with biological behavior of SCCHN.
To this end, in this pilot cohort study we quanti-
tated CK2 activity in the cytoplasmic and nuclear
subcellular compartments of 20 surgical SCCHN
tumor specimens, as well as in subcellular fractions
of normal upper aerodigestive tract mucosa. We
evaluated activity of this protein kinase in relation
to clinical stage, histopathological grade, metastatic
status of the tumors, and cumulative patient sur-
vival analysis. Our preliminary results hint that
CK2 may be a marker of malignant transformation
from normal oropharyngeal mucosa to SCCHN,
and that its activity may be associated with aggres-
sive tumor behavior.

MATERIALS AND METHODS
Patients and Tumor Characteristics

A cohort of 20 patients treated surgically for
SCCHN at the Minneapolis Veterans Affairs

TABLE 1. Patient and tumor characteristics

Patient” and Tumor Characteristics No.
Gender
Male 19
Female 1
Tumor Site
Larynx
Supraglottic 4
Glottic 2
Pyriform sinus 4
Oral cavity
Oral tongue 3
Floor of mouth 2
Retromolar trigone 2
Oropharynx
Tonsil 2

Base of tongue
Tumor differentiation

Poor 7

Moderate 11

Well 2
Treatment

Surgery alone 2

Surgery + radiation 18

“n = 20; median age = 63 years (range: 41-73 years).
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Medical Center between July 1992 and Janu-
ary 1993 were prospectively evaluated in this
study. All patients presented with a single pri-
mary tumor, and none had undergone any
preoperative treatment. As shown in Table 1,
there were 19 males and 1 female, their ages
ranging from 41 to 73 years (mean 62.7 years).
Tumor specimens were obtained from four dif-
ferent head and neck sites including larynx,
pyriform sinus, oral cavity, and oropharynx.
Moderately differentiated tumors were pre-
dominant; all four tumor stages were included.
At the time of surgical resection, 20 specimens
of SCCHN were procured intraoperatively and
immediately frozen in liquid nitrogen; speci-
mens were stored in liquid nitrogen until the
time of evaluation. Histological confirmation of
the tumor was carried out by light microscopy.
All except two patients underwent surgical re-
section of the tumor with neck dissection fol-
lowed by postoperative radiotherapy (Patients
3 and 10 received no postoperative radiation
therapy). The follow-up ranged from 21 to 32
months. In addition to the SCCHN tumors, six
specimens of normal upper aerodigestive tract
mucosa were obtained in the operating room
from adult nonsmokers/nondrinkers undergo-
ing tonsillectomy and uvulopalatoplasty, and these
specimens were treated in as the tumors were.

Preparation of Cytosolic and Nuclear
Subcellular Fractions

Cytosolic and nuclear fractions from both normal
mucosa and SCCHN tumors were prepared as
follows: tissue specimens were minced and homog-
enized in 0.32 M sucrose, 3 mM MgCl,, 5 mM
2-mercaptoethanol, 0.5 mM phenylmethylsulfo-
nyl fluoride (PMSF), 5 ug/ml of aprotinin, and 1
ung/ml of leupeptin, to yield a 10% (w/v) homo-
genate. The tissue homogenate was centrifuged
for 5 min at 600 X g to obtain a crude nuclear
pellet. The supernatant containing the cytosolic
fraction was collected, cleared by centrifugation
at 100,000 X g for 60 min, and aliquots of the
supernatant phase were stored at —20°C. The
pellet containing the crude nuclei was suspended
in a medium consisting of 20 mM HEPES pH 7.9,
1 mM EDTA, 1 mM EGTA, 1 mM dithiothreitol,
10% (v/v) glycerol, 0.02% Tween-20, 0.25 mM
PMSF, 5 ug/ml aprotinin, 1 ug/ml leupeptin
(HETED buffer) containing 0.4 M KCI. Following
a 30-min incubation on ice, the material was
centrifuged at 100,000 X g for 60 min. The su-
pernatant of extracted soluble nuclear proteins

was then dialyzed overnight at 4°C against
HETED buffer containing 0.1 M KCl. The dia-
lyzed material was centrifuged at 25,000 X g for
20 min and the supernatant stored at —20°C.

Quantitation of CK2 Activity

Protein kinase CK2 activity in nuclear extracts
and cytosolic fractions was measured using the
specific CK2 synthetic decapeptide substrate,
[Arg-Arg-Arg-Glu-Glu-Glu-Thr-Glu-Glu-Glu], as
described (21). In brief, the reaction medium
consisted of 30 mM Tris-HCl, pH 7.4, 5 mM
MgCl,, 1 mM dithiothreitol, 150 mM Nacl, 0.05
mM [y*?P]-ATP, and 1 mM decapeptide sub-
strate, in a final volume of 100 ul. The reaction
was started by adding CK2 source (cytosolic, or
soluble nuclear protein sample) containing 2-5
png of protein, and was carried out over a time
course of 0 to 30 min at 37°C. Under these con-
ditions, the reaction rate was linear with respect
to time and amount of the enzyme. At appropri-
ate times, aliquots were placed on Whatman
P-81 paper, and the reaction was stopped by
placing the papers in 10 mM phosphoric acid.
Unreacted [y**P]-ATP was removed from the pa-
pers by washing them twice in phosphoric acid
followed by two washes in 15% acetic acid, then
acetone. The amount of >?P incorporated into the
CK2 substrate peptide was determined using liq-
uid scintillation spectrometry. CK2 activity was
expressed as nanomoles of *2P transferred per
hour per milligram protein.

Statistical Analysis of CK2 Activity

Differences between patient groups were com-
pared using the chi-square test. The cumulative
survival curves for patients groups were calcu-
lated by the Kaplan-Meier method, compared
using the generalized Wilcoxon test, and relative
risk-ratios were calculated by the Cox method
(27).

RESULTS

CK2 Activities in Subcellular
Compartments

Using the synthetic, CK2-specific decapeptide
substrate, we first quantitated CK2 activity in
cytosolic and soluble nuclear fractions of normal
oropharyngeal mucosa specimens. We found
that CK2 activity in the soluble nuclear fraction
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TABLE 2. Tumor characteristics

CK2 Activity”?

No. TNM Differentiation Nodes” Outcome Cytosol Nucleus
1 T2N2 Poor Pos. DOD 9.1 19.8
2 T3N1 Mod. Pos. AFOD 4.6 16.9
3 TINO Poor Neg. AFOD 3.9 13.6
4 T3NO Mod. Neg. AFOD 3.2 7.2
5 T4N2 Poor Pos. DOD 6.8 6.8
6 T3N2 Poor Pos. AFOD 7.3 53.4
7 T3NO Mod. Neg. AFOD 5.0 18.0
8 T3NO Mod. Neg. AFOD 2.1 9.2
9 T4N3 Mod. Pos. DOD 8.2 41.9

10 T2NO Mod. Neg. AFOD 1.0 17.7
11 TIN3 Poor Pos. DOD 5.9 293
12 T3NO Mod. Neg. AFOD 8.3 24.0
13 T3NO Well Neg. AFOD 4.1 19.5
14 T4N2 Well Pos. DOD 1.4 5.7
15 T4NO Mod. Neg. AFOD 3.6 8.9
16 T4NO Mod. Neg. AFOD 5.2 37.0
17 T4NO Poor Pos. DOD 15.4 36.7
18 T4N2 Mod. Pos. DOD 6.8 26.4
19 T2N1 Poor Pos. AFOD 4.6 20.0
20 T4NO Mod. Pos. AFOD 4.6 31.6
Mean (SD) 5.9 (3.5) 20.3 (10.4)

“CK2 activity presented as nanomoles *>?P transferred per hour per milligram protein in cytosolic or nuclear samples assayed.
’Nodal status was determined by histopathological evaluation of the neck dissection specimens for each case.

(3.7 nmoles/hr/mg protein) was significantly
greater than in the cytosolic compartment (0.6
nmoles/hr/mg protein). We next quantitated
CK2 in subcellular fractions of SCCHN tumor
specimens. As shown in Table 2, CK2 activity in
SCCHN tumors was significantly elevated in both
the nuclear (mean = 20.3; p < 0.0005) and
cytosolic (mean = 5.9; p < 0.0034) compart-
ments relative to normal mucosa. The relation-
ship between CK2 activity in cytosol and nuclear
fractions of SCCHN tumors and normal mucosa
is apparent in Fig. 1.

Association of CK2 Expression with
Clinicopathologic Parameters

The observation that both cytosolic and nuclear
levels of CK2 activity were significantly elevated
in SCCHN tumors (Fig. 1) prompted us to exam-
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FIG. 1. CK2 activity in squamous cell carci-
noma of the head and neck versus normal
mucosa

CK2 activity was measured in subcellular fractions of
20 SCCHN tumors (O) and in six specimens of normal
upper aerodigestive tract mucosa ([J): CK2 activity in
SCCHN subcellular fractions was significantly elevated
in both nuclear (20.3 versus 3.7; p < 0.0005) and cy-
tosolic (5.9 versus 0.6; p < 0.0034) compartments rela-
tive to normal mucosa. (A) CK2 activity in soluble nu-
clear proteins. (B) CK2 activity in cytosol.
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FIG. 2. Clinicopathologic correlates of CK2 ac-
tivity in squamous cell carcinoma of the head
and neck

Clinicopathologic correlates of CK2 activity in cyto-
solic fractions of SCCHN. CK2 activity was measured
in cytosolic fractions of SCCHN tumors using the
CK2-specific decapeptide substrate, and activity pre-
sented as nanomoles >?P transferred to substrate per
hour incubation per milligram protein in sample, as
described in Materials and Methods. (A) CK2 activity
is displayed by histopathologic differentiation: mod-
erate differentiation (» = 11; open bar) vs. poor dif-
ferentiation (n = 7; shaded bar); p < 0.037. Well-
differentiated tumors were not included in the
analysis due to low n (n = 2). (B) CK2 activity dis-
played by nodal status: node-negative (n = 9; open
bar) versus node-positive (n = 11; shaded bar); p <
0.056. (C) CK2 activity displayed by clinical out-
come: alive free of disease (n = 13; open bar) versus
dead of disease (n = 7; shaded bar); p < 0.028. All
data are plotted as the mean * SEM.

ine CK2 activities in these samples in relation to
the clinical and histopathological tumor param-
eters, including stage of disease, nodal status,
degree of tumor differentiation, and patient sur-
vival. These data, provided in Table 2, point to
several correlations. First, cytosolic CK2 activity
in SCCHN tumors was significantly correlated
(» < 0.037) with poorer histological differentia-
tion (Fig. 2A). Second, higher cytosolic CK2 ac-
tivity was associated (p < 0.056) with metastatic
behavior: those tumors having histopathologi-
cally proven lymph node metastases exhibited
higher cytosolic CK2 activity than those that
were negative for metastases (Fig. 2B). Further-
more, tumors from patients who were dead of
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FIG. 3. Cumulative survival curves based on
CK2 levels

The median value of 4.8 for cytosolic CK2 activity in
primary SCCHN tumors was used to divide patients
into High-CK2 and Low-CK2 activity groups. The
cumulative survival curves for the two groups were
calculated by the Kaplan-Meier method. Chi-square
analysis reveals a statistical significance between the
two groups of p < 0.023.

disease (DOD) within two to eighteen months of
diagnosis exhibited significantly higher cytosolic
CK2 activity (p < 0.028) than tumors from pa-
tients who are alive and free of disease (AFOD)
on follow-up at 20 to 32 months, as illustrated in
Fig. 2C. In this study population, we had no
patients who were alive with disease/recurrence.

When patients were divided into two groups
based on the median cytosolic CK2 activity (4.8),
patients in the Low-CK2 activity group exhibited
significantly greater cumulative survival than
those patients in the High-CK2 activity group
(r < 0.023). Cox survival analysis revealed a
relative risk-ratio for SCCHN tumor-cytosolic
CK2 activity of 1.43. The Kaplan-Meier analysis
of these data is illustrated in Fig. 3.

In contrast to the above associations, CK2
activity in the soluble nuclear fraction of SCCHN
tumor samples revealed no significant relation to
any of the examined clinicopathological param-
eters in this series. Although Kaplan-Meier sur-
vival analysis of CK2 activity in the soluble nu-
clear fraction of SCCHN tumors did suggest a
trend similar to that observed for cytosolic CK2
activity, this was not statistically significant (p =
0.16). Similarly, there was no significant corre-
lation between clinical (TNM) stage and CK2
activity evident in either cytosolic or nuclear
compartments of SCCHN.
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DISCUSSION

The purpose of this study was to better under-
stand the role of CK2 expression in relation to
head and neck tumor clinicopathologic behavior.
To this end, we have quantitated the activity of
CK2, a cellular protein kinase which is implicated
in cell growth and differentiation (18,19,26).
Comparing CK2 activity in the subcellular com-
partments of both normal mucosa of nondrink-
ers/nonsmokers and SCCHN revealed several in-
teresting correlations. CK2 activity levels in both
cytosolic and nuclear soluble protein fractions
from SCCHN were significantly elevated com-
pared with those in normal mucosa. Further-
more, the data suggest an association between
CK2 activity in SCCHN cytosolic fractions and
histologic grade (p < 0.037), nodal status of in-
dividual patients (p < 0.056), and, within the
short 21- to 32-month follow-up of this study,
with clinical outcome—those patients with the
highest levels of CK2 activity in the cytosolic
fractions of their SCCHN tumors are deceased at
the time of this writing (p < 0.028). These find-
ings suggest that CK2 may be useful as an ob-
server-independent marker of histological differ-
entiation, and although preliminary, these
results hint that CK2 activity in SCCHN may be
related to increased biological aggressiveness of
these tumors. The Kaplan-Meier survival data
suggest that cytosolic CK2 activity may be a sig-
nificant prognostic indicator in SCCHN. Associa-
tion between CK2 activity and biological behav-
jor of malignant tumors has not been previously
investigated, and its value as a prognostic indica-
tor remains to be validated in a larger prospective
clinical series. Regardless, these findings may be
of major clinical significance.

Elevated CK2 activity in cell lysates, nuclear
preparations, or crude tissue homogenates of
prostate, colon, and lung carcinomas have been
reported (19,24,25), but correlation of CK2 ac-
tivity in subcellular compartments with clinico-
pathologic parameters has not been previously
examined in detail. The present data provide the
first account of the subcellular compartmenta-
tion of CK2 activity in human tumors, and the
association of CK2 activity within subcellular
compartments with tumor behavior. Interest-
ingly, although the nuclear fractions of SCCHN
tumors exhibited the highest CK2 activities, the
data did not reveal a significant correlation be-
tween these nuclear activities and clinicopatho-
logical parameters. Confirmation of the subcellular
localization of CK2 in SCCHN using immunohisto-

chemical methods is currently under way, and fur-
ther investigation into the subnuclear localization
of CK2 in SCCHN seems warranted.

These initial data suggest that cytosolic CK2
activity in the primary SCCHN tumors may be
related to metastatic tumor behavior. Inasmuch
as the presence of cervical lymph node metas-
tases reduces 5-year survival by nearly 45% (28),
this observation is clearly related to the correla-
tion between CK2 activity and clinical outcome
suggested by the present data. However, it is not
possible to infer from the present data which
aspects of the metastatic process may be linked to
CK2 activity, especially since we did not quanti-
tate CK2 activity in either tumor recurrences or
nodal metastases. Similarly, we did not study
CK2 activity levels in oropharyngeal mucosa
with respect to staged tumor progression per se
(hyperplasia through carcinoma), as has been
described for expression of proliferating cell nu-
clear antigen (9) and EGF receptors (10) in the
multistep process of SCCHN tumorigenesis; fol-
low-up studies of CK2 in these tissues are indi-
cated. Finally, it may promote our understanding
of the pathogenesis of this malignancy to deter-
mine whether the elevated levels of CK2 activity
detected in SCCHN reflect transcriptional, trans-
lational, or post-translational levels of activation.

In summary, the data presented here, al-
though preliminary, suggest that the Protein Ki-
nase CK2 is activated with malignant transfor-
mation of upper aerodigestive tract mucosa to
SCCHN, and that CK2 may play a significant role
in the pathobiology of SCCHN. Investigation into
the molecular basis of these novel findings, as
well as follow-up study of CK2 in additional
tissues, seems warranted, as these questions bear
directly on the relationship between this protein
kinase and SCCHN tumorigenesis.
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