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Increased constitutive activity of mitogen-activated
protein kinase and renaturable 85 kDa kinase in human-
colorectal cancer
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Summary Protein kinases play a key role in intracellular signalling, participating at multiple levels along the transduction cascades that trigger
mitogenic response. Because protein kinases are involved in mitogenic pathways, they are likely to play a role in the abnormal proliferation of
malignant cells. In this study we compared activity of mitogen-activated protein (MAP) kinase and several renaturable kinases in
homogenates of 30 surgically resected colorectal cancers and their adjacent normal tissues. Using sodium dodecy! sulphate polyacrylamide
gel electrophoresis (SDS-PAGE) and membrane autophosphorylation assay on homogenates obtained from normal colon mucosa and
adenocarcinoma, we identified at least four renaturable kinases (50, 55. 85, 200 kDa). Compared with adjacent tissue, in most of the cancer
samples only the 85-kDa kinase exhibited a higher level of autophosphorylation activity than those in normal matched tissue (P < 0.001).
Moreover, the 85-kDa kinase from nearly all cancer homogenates showed faster electrophoretic mobility than the 85-kDa kinase from normal
tissue homogenates. Interestingly. the 50-kDa kinase had significantly lower autophosphorylation activity in cancer tissues than those of
normal tissue (P < 0.05). To assess p42—-p44 MAP kinase activity, proteins were immunoprecipitated from adjacent colon mucosa and
adenocarcinoma with anti-extracellular signal-related kinase (ERK) 1/2 antibodies, and MAP kinase activity was measured using MBP as a
substrate. These studies revealed that MAP kinase activity in colorectal cancer was significantly higher (P < 0.001) than that in adjacent
mucosa. Thus, the constitutive activity of MAP kinase and autophosphorylation activity of 85-kDa kinase are increased. whereas the
autophosphorylation activity of another kinase. 50 kDa. is decreased in colorectal adenocarcinoma. However. aithough signal transduction
pathways are markedly altered in this cancer. neither p42/p44 MAP kinase activity nor 85-kDa autokinase activity could be correlated with the

established prognostic indicators.
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Protein kinases play a pivotal role in intracellular signal trans-
duction. participating at multiple levels along the transduction
cascades. Growth factor- and cytokine-responsive protein kinases
are involved in cell cycle control. cell proliferation and differenti-
ation (Hills et al. 1995). It is thought that a variety of proliferative
disorders. such as cancer. might reflect abnormalities in signal
transduction (Levitzki. 1996).

We have previously identified an 85-kDa cytokine-inducible
serine/threonine kinase (Rachie et al. 1993). In cell cultures. 85-
kDa kinase is induced in response to treatment with a number of
agents. including interleukin la (IL-1a). lipopolysaccharide (LPS)
and interferon Y (IFN-y). The 85-kDa kinase is also activated in the
lung. kidney. brain. liver and heart after systemic administration of
IL-1P. epidermal growth factor (EGF) and phorbol ester (PMA) in
mice (Ostrowski et al. 1998). In HeLa cells 85-kDa kinase is exclu-
sively nuclear. whereas in other cell types it was found both in
cytosol and nuclei. The size and properties of the 85-kDa kinase are
very similar to the renaturable serine/threonine kinase (RING3)
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Kinase (Denis et al. 1996). suggesting that thev are the same or
related enzymes. Although the role of 85-kDa/RING3 kinase(s) is
unclear. its activation by growth factors might reflect the involve-
ment of this enzyme in cellular proliferation.

The extracellular signal-regulated kinase (ERK) cascade is one
of the three homologous mammalian mitogen-activated protein
kinase (MAPK) cascades found in eukarvotic cells (Pelech et al.
1992: Nishida et al. 1993: Marshall. 1994: Hunter. 1995: Treisman.
1996). The MAPK cascade plays a prominent role in signalling
pathways that regulate cell proliferation and differentiation. The
MAPK pathway is triggered by the surface receptor. which acti-
vates the GTP-binding protein p21 Ras. Activated Ras binds and
activates the c-Raf protein kinase. which in turn phosphorylates and
activates MAPK kinase (MEK). MEK then phosphoryvlates and
activates MAPK. which can translocate to the nucleus. where it
targets numerous transcription factors (Marois et al. 1993: Hills.
1995: Denhardt. 1996: Whitmarsh et al. 1996: Hen et al. 1997:
Madden et al. 1997).

To gain insight into the potential role of 85-kDa and MAP
Kinases in malignancies we examined the activity of these
enzymes in colorectal cancer. We found that activity of MAP
kinase and autophosphoryvlation activity of 85-kDa kinase was
higher in cancer tissue than adjacent normal tissue.
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MATERIAL AND METHODS
Colorectal cancer tissues

Thirty surgically resected colorectal tumours and their adjacent
normal tissues were obtained from the Department of Colorectal
Diseases. the Maria Sklodowska-Curie Memorial Cancer Center
and Institute of Oncology. Warsaw. Fresh surgical specimens were
immediately placed on ice and transported to the pathology labora-
tory. Following gross examination. samples of adjacent mucosa
and tumour were dissected and immediately frozen at —-80°C. The
presence of normal and tumour tissue was assessed by histological
evaluation of tissue adjacent to the fragment homogenized.

Tissue preparation

An aliquot of 100-200 mg of frozen tissue was homogenized by
three 15-s cvcles using a Kinematica polytron PT 1200 homoge-
nizer in homogenization buffer (25 mM Tris-HCIL. pH 7.5. 100 mM
B-glvcerophosphate. 25 mM  p-nitrophenyl phosphate. 5 mM
sodium orthovanadate. 10 mM magnesium chloride. 2 my EDTA.
2 mM EGTA. 5 mM benzamidine. 1 mM phenyimethylsulphonyl
fluoride (PMSF). 10 ug ml-' leupeptin) and after centrifugation
(16 000 g. 4°C. 30 min) supernatants (referred to as homogenates)
were assayed immediately or stored at —80°C for no more than a
few days. All procedures were conducted on ice or at 4°C.

Protein concentration was measured using a MicroBCA protein
assay. Pierce Chemical.

n

Autophosphorylation of renaturable kinase

An aliquot of 5 mg of homogenate protein was mixed with 200 ul
of DEAE Sephacel beads equilibrated in homogenization bufter.
Beads were washed with 2 ml of elution buffer without sodium
chloride. and proteins were eluted with 200 m» sodium chloride in
elution buffer (20 my Hepes-sodium hydroxide. pH 7.5. 2 mM
EDTA. 2 mM EGTA. 10 mM B-glycerophosphate. 10 mM sodium
fluoride. 0.1 myM sodium molvbdate. 5 mM benzamidine. 1 mM
PMSF. 25 mM p-nitropheny] phosphate. 10 ug ml-! leupeptin and
10% glycerol). An aliquot of 50 ug of the partially purified
proteins was boiled in 2 x loading buffer (125 my Tris-HCL
pH 6.8. 4% sodium dodecyl sulphate (SDS). 20% glycerol and
10% B-mercaptoethanol) (1:1. vol/vol) for 5 min. Proteins were
separated by 10% SDS-polvacrvlamide gel -electrophoresis
(PAGE). After bathing the gel in transfer buffer (192 mM glvcine.
25 mM Tris-HCL. pH 8.8. 20% methanol and 0.005% SDS) for
30 min. proteins were electroblotted to an Immobilon-P PVDF
membrane in transfer buffer. Blotted proteins were denaturated for
30 min at room temperature by incubating the membrane in 10 ml
of denaturation buffer (7 M guanidine-HCl. 50 mM Tris-HCL.
pH 8.3. 30 my DTT. 3 mM EDTA). Blotted proteins were then
allowed to renature by incubating the membrane in renaturation
buffer (150 mM sodium chloride. 50 mM Tris-HCI. pH 7.5. 20 mM
EDTA. 2mM DTT. 0.05% Tween-20) overnight at 4°C. After
renaturation. membranes were incubated in phosphorvlation buffer
(50 mM Tris-HCL. pH 7.5. 5 mM magnesium chloride. 5 mM
manganese chloride. 5 myv DTT and 50 uCi [#°P]ATP) for 30 min
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Autoradiogram shows phosphorylation of renaturable kinases in homogenates of four normatl colorectal mucosa—colorectal cancer tissue pairs.

Partially purified proteins from normal and cancer tissues were separated by SDS-PAGE electrophoresis. proteins were transferred to Immobilon-P PVDF
membrane and. after a cycle of denaturation—renaturation. autophosphorylation of renaturable kinases was carmied out on the membrane. Molecular weight

markers are indicated on the left
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at 30°C. Phosphorylation was terminated by washing membranes
five times in 50 mM Tris-HCL. pH 7.5. 0.05% Tween-20. The repro-
ducibility of the loading and electrotransfers to the membrane was
checked by protein staining on the blots with 0.1% Amido Black.
Next. the membranes were autoradiographed (Rachie et al. 1993).
Autoradiograms were quantified by scanning densitometry using a
Personal Densitometer. Molecular Dynamics. and the results were
expressed as arbitrary scanning units.
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Figure 2 Composite figure showing the individual kinase activity in 30 pairs
of adjacent colon mucosa and cancer tissue. A and B autophosphorylation
(Figure 1) of renaturable 85-kDa and 50-kDa kinases respectively. The
autophosphorylation activity was quantified by scanning densitometry of
autoradiograms and the results are expressed as arbitrary scanning units.

C p42-p44 MAP kinase activities. ERK1 and ERK2 were immunoprecipitated
and assayed as described under Methods. using MBP as a substrate.
Results are expressed as radioactivity incorporated into MBP (c.p.m.)

p42-p44 MAP kinase assay

Homogenates containing 300 pug of total protein were immuno-
precipitated with 5 pug of polyclonal anti-ERKI and 5pug
of anti-ERK?2 antibodies (Santa Cruz Biotechnology) in immuno-
precipitation (IP) buffer (150 mM sodium chloride. 50 mM Tris-
HCI. pH 7.5. 5 mMm EGTA. 1% Triton X-100. 0.5% NP-40. 25 mM
p-nitrophenyl phosphate. 5 my benzamidine. 1 my PMSF. 20 mM
sodium fluoride. 0.2 mM sodium orthovanadate. 10 pg ml!
leupeptin) for 2 h at 4°C. Then. 25 pl of protein A beads. which
had been preincubated with IP buffer. were added and the samples
were incubated for another 1 h at 4°C on the rotator. The beads
were washed twice with IP buffer and twice with MAP Kkinase
assay buffer (25 mM Hepes-sodium hydroxide. pH 7.5. 10 mm 8-
glycerophosphate. 20 mM magnesium chloride. 2 mM manganese
chlonde. 0.1% Triton X-100. 0.1 mM DTT and 0.1 mM sodium
vanadate). Next. beads were mixed with 40 ul of MAP kinase
assay buffer containing 20 pM of ATP. 0.3 of uCi [¥-PJATP. 2 ug
of protein kinase (PK)A inhibitor. 2 pg of PKC inhibitor and 15 ug
of MBP peptide (APRTPGGRR). Phosphorylation reactions were
carried out for 10 min at 30°C. The reactions were terminated by
adding 10 pl of 20% TCA. After centrifugation. the supernatants
were spotted on to Whatman P-81 papers (Reuter CWH et al.
1995). The papers were washed several times in 0.5% phosphoric
acid. rinsed with acetone. dried and counted for radioactivity.
Reaction blanks were prepared by using reaction mixture without
myelin basic protein (MBP) substrate. All assays were performed
in triplicate. The results were expressed in c.p.m. as radioactivity
incorporated into MBP.
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Figure 3 Comparison between autophosphorylation of renaturable 85-kDa
kinase in 30 pairs of normal colorectal mucosa and colorectal cancer tissue.
Note that in most of the studied pairs 85-kDa kinase from cancer tissue had
faster electrophoretic mobility

Immunoprecipitation of 85 kDa

Anti-RING3 chicken antibodies were raised against GST-RING3
protein (Ostrowski et al. 1998). Immunoprecipitation was carried
out by mixing the preimmune or immune IgY in IP buffer with
1 mg of the proteins from cancer tissue and the adjacent mucosa
homogenates that were partially purified on DEAE Sephacel.
After 2 h at 4°C. 20 ul of agarose beads bearing anti-chicken IgY
antibodies was added and mixing was continued overnight. Beads
were washed four times with IP buffer and proteins were eluted
from agarose beads by boiling in 2x sample buffer. Eluted proteins
were resolved by SDS-PAGE and then transferred to Immobilon-P
membrane. Blotted proteins were phosphorylated on the
membrane and analysed by autoradiography as before.

Statistics

Data were analysed with the Stat View 4.02 statistical software
package (Abacus Concepts. Berklev. CA. USA) using the
Wilcoxon matched-pairs test. Fisher's exact probability test and
Pearson’s correlation coefficient. Differences were considered
significant when P was <0.05.

RESULTS

Autophosphorylation of renaturable protein kinases in
colorectal cancer and normal tissue samples

Using the denaturation—renaturation method of proteins separated
by SDS-PAGE and electroblotted to Immobilon-P membrane. we
identified at least four renaturable kinases (50. 55. 85 and
200 kDa) from both adjacent colon mucosa and adenocarcinoma
that exhibit autokinase activity. To prove that radioactivity on the
blots represents autophosphorylation of the proteins. several
experiments were performed in the pilot studies. Auto-
phosphorylation was obtained using only [¥-PJATP. but not
[a**PJATP. the radioactivity signals were progressively reduced by
increasing concentrations of cold ATP and washes with 1 M potas-
sium hydroxide did not reduce the *‘P-labelled protein bands.
Moreover. phosphoamino acid analysis revealed that the 85-kDa
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kinase autophosphorvlates on serine and threonine residues
(Rachie et al. 1993). Figure 1 illustrates the typical pattern of
autophosphorylation activities in the blotted proteins extracted
from four different colorectal cancer tissues and their matched
normal mucosa.

In most of the cancer tissue homogenates. 85-kDa kinase exhib-
ited a higher level of autophosphorylation than those in normal
matched tissue. although the level of autophosphoryvlation varied
from sample to sample (Figure 2A). The autophosphorylation
level in 30 cancer samples ranged from 80 to 1284 arbitrary units
with a mean (+s.d.) of 420 + 303 and was significantly higher
(P <0.001) than that of matched normal colorectal mucosa. where
the levels ranged from 11 to 766 arbitrary units with a mean (£s.d.)
of 192+165. Moreover. in most homogenates from cancer tissue
85-kDa kinase exhibited faster mobility in SDS-PAGE. even when
85-kDa autophosphorylation signals in cancer and matched
normal tissue were of the same intensity (Figure 3). The reason for
the faster electrophoretic mobility of the 85-kDa kinase-derived
form cancer is not known.

In human cancer and adjacent colorectal mucosa homogenates.
another prominent renaturable autophosphoryvlation activity was
found around 50 kDa. The level of 50 kDa kinase autophosphoryl-
ation activity in cancer homogenates ranged from 141 to 1100
arbitrary units with a mean (+s.d.) of 437 £ 247. But. in contrast
to the 85-kDa kinase. the 50-kDa autokinase activity in cancer
was significantly lower (P <0.05) than that in normal tissue
homogenates. where it ranged from 160 to 1644 arbitrary units
with a mean (+s.d.) of 598 = 416 (P < 0.05: Figure 2B).

Activation of MAP kinase (K) in human colorectal
cancers

The MAPK activity in colorectal cancer homogenates ranged from
616 to 8498 c.p.m. with a mean (+s.d.) of 2261 + 1821. which was
significantly higher (P < 0.001) than the activity in adjacent
mucosa homogenates. where it ranged from 342 to 1894 c.p.m.
with a mean (#s.d.) of 913 + 354 In 14 out of 30 pairs of
cancer—normal tissues. MAPK activity in the tumour sample was
at least twice as high as that in adjacent mucosa. However. the
same vanability in MAPK activity was observed (Figure 2C) as in
the autophosphorylation activities of 85- and 50-kDa kinases.

Immunoprecipitation of 85-kDa with anti-RING3
antibodies

As shown in Figure 4. 85-kDa kinase was immunoprecipitated by
the immune but not the preimmune anti-RING3 kinase antibodies.
These results have proved our earlier observations (Ostrowski et
al. 1998). suggesting that 85-kDa kinase is either the same as or
related to RING3 kinase.

Correlation between 85-kDa and MAPK activities with
stage of colorectal cancer

To determine whether the tested kinases could be used as prog-
nostic indicators for patients with colorectal cancer. we searched
for correlation between 85-kDa and MAPK activities with conven-
tional clinical and pathological parameters.

No correlation was found between 85-kDa autophosphorylation
activity and activity of MAPK and patient’s age. the site of the
disease or tumour size.

© Cancer Research Campaign 1998
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Figure 4 |Immunoprecipitation of 85-kDa. Proteins from colon cancer and
adjacent mucosa were incubated with preimmune or immune anti-RING3
chicken antibodies and, following binding to agarose beads bearing anti-
chicken IgY antibodies, the immunoprecipitated proteins were assayed as
described under Methods

When patients were divided according to a modified Dukes’
staging system (Astler et al. 1954), in 12 patients with stage B2.
MAPK activity in cancer tissues compared with normal matched
mucosa increased by an average of 258+117% and was similar to
18 patients with stage C1 or C2 in whom MAPK activity in cancer
tissue increased by an average of 259+203% above the level in
adjacent mucosa.

85-kDa autokinase activity examined in cancer tissue from
patients with stage B2 increased by an average of 244+131%
above the activity in adjacent mucosa and did not differ signifi-
cantly (P>0.05) from those with stage C1 or C2. where 85-kDa
autokinase activity in cancer tissue increased by an average of
400+365%.

50-kDa autokinase activity in cancer tissue from patients with
stage B2 and C1 or C2 decreased below autokinase activity in
adjacent mucosa by an average of 81+34% and 97+54% respec-
tively (P > 0.05).

Thus. we were also unable to demonstrate any correlation
between MAPK activity or renaturable kinase autophosphoryl-
ation activity with conventional prognostic indicators.
Consequently. as the pathological disease staging following
surgical treatment is the most potent prognostic factor of relapse in
colorectal cancer patients. it seems that neither MAPK nor renat-
urable 85- and 50-kDa kinases can serve as predictors of prognosis
for identifying patients with an increased risk of early relapse.

DISCUSSION

Growth factor-responsive protein kinases are thought to be involved
in neoplastic processes. This notion is largely based on studies
carried out in cultured cells and the observation that tyrosine kinases
can emerge as oncogenes (Rodrigues et al. 1994: Cance et al, 1995).
Surprisingly. very few studies have examined kinase activities in
intact organs or cancer tissues. Adenocarcinoma of the colon is one
of the most common malignancies today (Boring et al. 1991) but
very little is known about the role of protein kinases in this malig-
nant disease. The only protein kinase studies in adenocarcinoma of
the colon that have been carried out to date examined activity of
PKC. which was found to be decreased in this tumour compared
with normal tissue (Kopp et al, 1991: Kusunoki et al. 1992; Pongacz
et al. 1995). Because of the small amount of information that exists
about kinases in the adenocarcinoma of the colon. in this study we
chose to examine activities of MAP kinase and renaturable kinases
in this tumour.

Based primarily on studies performed in cultured cells, the
MAPK cascade is thought to be involved in growth factor-induced
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cell proliferation (Seger et al. 1995). As such. this cascade might
also be involved in the pathogenesis of malignant processes.
Growth factor-triggered activation of MAPK is achieved through
the engagement of Ras and a serial activation of Raf kinase and
MEK. Activation of MEK allows this enzyme to phosphorylate
and activate MAPK. Activated MAPK has many targets. both in
the cytoplasm and the nucleus. including several transcription
factors that presumably mediate the MAPK-mediated mitogenic
response. Here we have demonstrated that in nearly each one of
the 30 patients MAPK activity was higher in homogenates
prepared from colon cancer tissue than the normal adjacent
mucosa. This observation is in agreement with other studies in
which MAPK activity was shown to be higher in human renal cell
carcinoma (OKka et al. 1995). prostate cancer (Magi-Galluzzi et al.
1997) and a subset of acute. but not chronic myelogenous.
leukaemia (Towatari et al. 1997). The increased constitutive
activity of MAPK found in adenocarcinoma of the colon (Figure
2) and other cancers (Magi-Galluzzi et al. 1997: Towatari et al.
1997). in conjunction with cell culture studies implicating MAPK
in the mitogenic responses (Seger et al. 1995). may reflect a role of
the MAPK cascade in the generation of the malignant process.

The 85-kDa renaturable kinase is a newly identified enzyme that
in some cell types is exclusively nuclear (Denis et al. 1996). The
85-kDa kinase is activated in response to treatment of cells with a
myriad of growth factors and cytokines. For example. the 85-kDa
autokinase activity in the nucleus is increased after treatment of
the EL4 thymoma cells or 70Z/3 the pre-B cells with IL-1a. LPS
and IFN-y (Rachie et al. 1993). Systemic administration of EGF.
PMA or IL-1B into mice increases the autophosphorylation
activity of the 85-kDa kinase in multiple organs. including lung.
kidney. liver and heart (Ostrowski et al. 1998). Importantly, the 85-
kDa autokinase activity is extremely high in leucocytes of patients
with various types of chronic and acute leukaemia. In one patient
tested the 85-kDa autokinase activity was greatly diminished
following remission of acute leukaemia.

Recently. a ¢cDNA encoding an 83-kDa renaturable. serine/
threonine kinase (RING3) was characterized in HeLa cells.
RINGS3 kinase was found to be stimulated by the treatment of cell
cultures with a number of agents, including IL-1. serum. mitogenic
lectins (Denis et al. 1996). In HeLa cells RINGS3 kinase is exclu-
sively nuclear. and, like 85-kDa kinase. it reveals autophosphory-
lation activity after protein denaturation and renaturation on the
membrane. Anti-RING3 antibodies immunoprecipited an 85-kDa
autokinase activity from colorectal cancer and adjacent mucosa as
well as from the mice lung and brain (Ostrowski et al. 1998).
suggesting that 85-kDa and RING3 kinases are the same or related
enzymes.

Our studies showed that in nearly each one of the 30 patients the
85-kDa autokinase activity was higher than in the matched normal
tissue. However. the most consistent observation was the faster
electrophoretic mobility of the 85-kDa kinase derived from the
tumours. Both of the observations. therefore, demonstrate that this
enzyme is altered in adenocarcinoma of the colon. Because this
kinase is responsive to growth factors (Rachie et al. 1993:
Ostrowski et al. 1998). is extremely active in leukaemic cells
(Denis et al. 1996: our unpublished observations) and is constitu-
tively activated in colon cancer (Figures 1 and 3). it may be
involved in the neoplastic processes.

We also found that the autophosphorylation activity of one of
the renaturable kinases. 50-kDa kinase. in colon cancer was lower
than in the normal adjacent tissue. The significance of this obser-
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vation is not clear but is similar to the observation that PKC
activity is lower in colorectal adenomas and adenocarcinomas
(Kopp et al, 1991; Kusunoki et al, 1992; Pongacz et al, 1995), as
well as in liver cancer compared with normal tissue in those organs
(Chang et al, 1996).

In summary, this study demonstrates that the constitutive activi-
ties of MAPK and autophosphorylation activity of 85-kDa kinase
are increased, whereas the autophosphorylation activity of another
kinase, 50 kDa, is decreased in adenocarcinoma of the colon.
These observations suggest that the signal transduction processes
in the neoplastic cells are greatly altered, although none of the
studied kinase activities could serve as prognostic indicators.
Whether the altered activity of MAPK, 85- and 50-kDa kinases
reflects involvement of these enzymes in the neoplastic process or
whether they represent associated phenomena is a key issue that
needs to be explored in order to better understand the pathogenesis
of this and other cancers.
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