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Tumor-specific Activation of Mitogen-activated R otein Kinase in Human
Colorectal and Gastric Cacinoma Tissues
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To seach for the signaling events in colcectal cacinoma relevant to its tumorigenesis, we investi-
gated the activity of mitogen-activated potein kinase (MAPK) in human colaectal cacinoma tis-
sues and paied normal tissues. Of 64 cases examined, apgimately 75% (48 cases) showed
tumor-specific activation of MAPK by in situ kinase renaturation assg, as well asin vitro kinase
assay with immunopecipitated MAPK. In addition, tumor-specific activation of MAPK was asso-
ciated with the activation of MAPK kinase in the cases we examined. Howeyeo clear corela-
tion of MAPK activation with lymph node involvement, metastatic rate, stage, histological
classification, age or sex was observed. Thesesults suggest that the MAPK pathway is involved
in colorectal tumor development, but its activation alone is not sufficient for malignant conver-
sion. In contrast to colaectal cacinoma, gastric cacinoma tissues showed a lower rate of MAPK
activation, suggesting that the signaling pathway activated in calectal cacinoma tissues may dif-
fer in part from that of gastric cacinoma.
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Mitogen-activaed protein kinases (MAPKSs) are serine/ ian cancer cells plays a critical role in the activation of
threonine kinases activated in response to a variety afatrix metalloproteinase-9 and invasion of the c@fs.
external signalsVarious recefor tyrosine kinases, cyto- Despite these observations, howevavailable evidence
kine receptors, G proteins and oncogene products activatef the activation of MAPK in human cancer tissues is
MAPKs™® through phosphorylation by MAPK ikase limited. Indeed, Atteret al.?? reported that MAPK activ-
(MEK).*" Thus, MAPKs are proposed to be a critical ity in human gastric adenocarcinoma was rather sup-
integrator of various signaling transduction systems. How-{ressed, though a high incidence of MAPK activation was
eva, MAPKs appear to elicit oppositeffects on cell observed in renal cell carcinon®sThus, evidence sug-
growth. While MAPKs can stimulate tumorigenic growth gesting a role of MAPK in human tumorigenesis is scanty
in NIH3T3, activation of MAPKs is necessary andfisu  and contradictory compared to the numerous results accu-
cient to induce neuronalffierentiation in PC12 cells with mulated througlin vitro study.
concomitant arrest of cell gnah®® Thus, MAPKs To obtain more clues, we studied the activities of 41-
appear to play a critical role in signaling, but have oppo-and 43-kDa MAPKs (ERK2 and ERK1, respectively) and
site dfects on cell growth depending on the cellular the activato MEK, in sugically resected human colorec-
context. tal carcinoma, compared with those of paired normal tis-

Tumorigenesis in human is a multistep proééss. sues. Here we show that colorectal carcinoma has a high
Molecular events that underlie the process that can actincidence of MAPK activation in a tumor-specific man-
vate MAPK have been reported and some ofdtedter-  ner, while gastric carcinoma showed a low incidence of
ations appear to correlate with malignancy of the tumorsactivation as previously reportéd. In addition, we
For example, point mutation ods has been observed in a present evidence that MEK of colorectal carcinoma is also
wide range of human cancéts.Activation of c-Src  activated in a tumor-specific manne
kinase was found in colorectal carcinofiaOverexpres-
sion d erbB-2 was observed in wide range of human MATERIALS AND METHODS
cancers including brea%t,ovarian'¥ gastric® lung'® and
prostate?) and was associated with a poor progntisi?.  Tissues Tissue samples were obtained fromrgseal
Our study showed that activation of tyrosine phosphoryla-specimens of 64 patients diagnosed as colorectal carci-
tion in lung cancer correlated with a poor progné¥is. noma cases and 35 tigmts diagnosed as gastric carci-
Recenty, we found that the Ras-MAPK pathway in ovar- noma cases at the Nagoya University Hospital. Small
amounts of resected tissues were frozen immediately with
3To whom correspondence should be addressed. liquid nitrogen. Tumors were classified according to the
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histological subgroups recommended by the World HealthmM MgCl,, 1 mM DTT and 5ug of GST-ERK2. Reac-
Organization (WHO) and staged by the tumor-nodaltion was performed at 30°C for 30 min, and samples
involvement-metastasis (TNM) system. were subjected to 10% SDS-PAGE followed by autoradi-
Immunoblotting Tissue lysates were prepared asography.

described previoush) Frozen tissue samples were Statistical analysis Non-parametric statistical tests were
crushed into fine pieces, suspended in a buffer containingsed to evaluate all of our studies. Tfeest was used to
2% sodium dodecyl sulfate (SDS) and 5% mercaptoethaassess the relationship between categorical variables and
nol, and immediately homogenized. Lysates were boiledhe tumor-specific activation of MAPK to calculd®eval-

and stocked at-80°C. Assay of protein concentration, ues. The relationships between ERK1 activity and ERK2
SDS-polyacrylamide gel electrophoresis (PAGE), andactivity, and betweem situ kinase assay and kinase assay
immunoblotting were described previough?® with immunoprecipitated ERK2 were determined by
In situ kinase renaturation assay Assay of MAPK  Spearman rank correlation.

activity by in situ kinase renaturation assay was per-

formed as described previous®Briefly, 50 ug aliquots  REsSULTS

of tissue extracts were subjected to 10% SDS-PAGE in

gel containing myelin basic protein (MBP) (0.5 mg/ml) as MAPK activity in colorectal tumor tissues We first

a substrate for MAPK. After denaturation and renatur-examined MAPK activities in colorectal tumor tissues by
ation, the kinase activityn situ was measured. in situ kinase renaturation assay as described in “Materi-
Kinase assay with immunoprecipitated MAPK Prepa- als and Methods.” As shown in Fig. 1, two phosphopro-
ration of tissue lysates and immunoprecipitation with anti-teins of 43 and 41 kDa were identified by this assay. By
body were described previoudh?? Kinase assay was immunoprecipitation with specific antibodies, we con-
performed as described previoushBriefly, frozen tissue firmed that the 43- and 41-kDa proteins were ERK1 and
samples were crushed into fine pieces, suspended in IBRK2, respectively. Of 64 cases examined, tumor tissues
buffer (50 nM Tris-HCI [pH 7.5], 150 vl NaCl, 10 nM of 42 cases (65.6% of total) showed more than twofold
sodium pyrophosphate, 1Nhethylene glycol bis(2-ami- higher activities of either or both of the ERKs than paired
noethyl ether)tetraacetic acid [EGTA], 1a0viNaF, 1 nM normal tissues. In 48 cases (75.0%), tumor tissues had
sodium vanadate, 1 vh phenylmethanesulfonyl fluoride more than 1.5-fold higher activities than paired normal
[PMSF] and 10Qug/ml aprotinin) and clarified by centrifu- tissues. Of 64 cases of colorectal tumor, 26 cases were
gation. Ten micrograms aliquots of the supernatants were

immunoprecipitated with 1ug of anti-ERK2 antibody

(Santa Cruz Biotechnology Inc.) as previously de-

scribed®® Immune complexes were washed with MBP A B

incubation buffer (20 M Tris-HCI [pH 7.5], 50 nM 2-

glycerophosphate, 5 kh ethylenediaminetetraacetic acid 1 2 3 4 5 6 )
[EDTA], 1 mM PMSF, 12 riM 2-mercaptoethanol, 1 vh A ... 0 e Wil

Na,vVO, and 0.1 M Na,MoQ,), and suspended in kinase I?:. ”'““’“. Iﬁ

buffer (50 nM N-2-hydroxyethylpiperazine-2-ethane- 7

sulfonic acid [HEPES; pH 7.5], 1 Ivh dithiothreitol N LN T N

[DTT], 5 mM MgCl, 5 ug of MBP and 10uCi of 'i“""gg‘““""""*ﬁ

[**P]ATP). Kinase reaction was performed at 30°C for 15 12 13 15 16 17

min. After the reaction, immune complexes were boilledNn T N T N T I

and subjected to 12.5% SDS-PAGE followed by autora& b e o

diography. =
Assay of MEK activity with glutathione S-transferase 18 19 20 21 22
(GST)-ERK2 GST-ERK2 plasmid was kindly supplied N T N T NT N T N T N T

by Dr. K. Kaibuchi of Nara Institute of Science and Tech-t!'”‘f'!.!'

nology. GST-ERK2 fusion protein was purified from bac-

teria with glutathione Sepharose 4B as describedrig. 1. Assay of MAPK activity in surgical specimens of colo-
previously?® MEK activity was assayed with GST-ERK2 rectal carcinoma bin situ kinase renaturation assay. (A) MAPK

protein as described previoudly.Briefly, tissues were activities in lysates from paired colorectal tumor (T) and normal

. . 7 o (N) tissues were analyzed by situ kinase renaturation assay as
Iysed_ n IF_’ buffer with a homogenizer "_md clarlfled_by described in “Materials and Methods.” Each number indicates
centrifugation. MEK  activity was determined by adding the case number. (B) (1) MAPK activity of case 6 tumor tissue.
10 g of the supernatant to 30 of the kinase buffer con-  (2) ERK1 and ERK2 in case 6 tumor tissue were immunoprecip-
taining 10uCi of [*2P]JATP, 10 nM HEPES [pH 7.4], 10 itated and subjected to situ kinase renaturation assay.
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Fig. 2. Relative ratio of ERK1 and ERK2 activities in tumor Fig. 3. Detection of ERK2 in tumor tissues. Expression of
tissues compared to those in paired normal tissues. Each valugRK2 in paired normal (N) and colorectal tumor (T) tissues was
represents the relative ratio of activation of ERK1 and ERK2 inexamined with anti-ERK2 antibody.

tumor tissues compared to those in paired normal tissues.
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Fig. 4. Assay of ERK2 activities in colorectal tumor tissues with immunoprecipitated ERK2. (A) ERK2 in tissue lysates ofopaired
mal (N) and colorectal tumor (T) tissues was immunoprecipitated with anti-ERK2 antibody and subjected to kinase assdeds descri
in “Materials and Methods.” (B) Relative ratios of ERK2 activities examineih Isjtu kinase renaturation assay or kinase assay with
immunoprecipitated ERK2. Relative ratios of ERK2 activities in tumor tissues to those in paired normal tissues assagiéd by
kinase renaturation assay or kinase assay with immunoprecipitated ERK2 were plotted.

905



Jpn. J. Cancer Re89, September 1998

A A
1 21 6 18 19 1 2 3 4 5 6
10000

eyt e e R
9o gege -
B 7

8 9 10
I DTN LI LN (T

Fig. 5. MEK activities in colorectal carcinoma. MEK activities B
in paired normal (N) and colorectal carcinoma (T) tissues wer:

assayed with recombinant GST-ERK2 as a substrate &

described in “Materials and Methods” (A). Cases which showec

tumor-specific activation of MAPK (cases 1, 6 and 21) and nc DL INLTT N T LN TR IS
specific activation (cases 18 and 19) were examined. Relativeed——————— S ——————————
amounts of GST-ERK2 in each reaction were confirmed by

Coomassie blue staining (B).
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colon tumor, of which 21 cases (80.8%) showed twofola
higher activation of MAPK, while 35 cases were rectal Fig. 6. Expression and activities of MAPK in gastric carci-
tumor, of which 21 cases (55.3%) showed activation. Innoma. (A) MAPK activities in lysates from paired normal (N)
case No. 22, colon tumor (Fig. 1) with typical tumor-spe-and gastric tumor (T) tissues were analyzedirbysitu kinase
cific activation of MAPK ERK1 and ERK2 of tumor tis- '€naturation assay as described in “Materials and Methods.”

. o Each number indicates the case number. (B) Expression of
sue showed 9.4- and 14.3-fold higher activities than thosggrk» in paired normal (N) and gastric tumor (T) tissues was

of paired normal tissues, respectively. We compared th@ssayed by immunoblotting with anti-ERK2 antibody.

relative rate of activation between ERK1 and ERK2 in

cases that showed tumor-specific activation (Fig. 2).

Although the relative activation rates of ERK1 and ERK2

differed from case to case, they showed a statistically sigwith immunoprecipitated ERK2PE0.0096), and con-

nificant proportional correlation P<0.0001). ERK2 firmed the tumor-specific activation of ERK2 lay vitro

showed 1.2-fold higher activity than ERK1 in general. kinase assay in most of the cases that showed activation
We next examined the steady-state levels of ERK2by in situ kinase renaturation assay.

expression in these tissues by immunoblotting with speMEK activity in colorectal tumor tissues  Since

cific antibody (Fig. 3). We found no detectable difference MAPK activity is regulated by MEK, we examined MEK

in ERK2 levels between tumor tissues and paired normaactivities with recombinant ERK2 as a substrate (Fig. 5).

tissues, although the relative amounts of MAPK differedAlthough examined cases were restricted because of the

among the cases. limited availability of tumor lysates, we found that tumor
To confirm the tumor-specific activation of MAPK, we tissue showed 3- to 10-fold higher activity of MEK than

next examined ERK2 activity byn vitro kinase assay that of paired normal tissue in cases (case No. 1, 6 and

with immunoprecipitated ERK2 and MBP as described in21) that showed tumor-specific activation. In contrast,

“Materials and Methods” (Fig. 4A). Because of the lim- activation of MEK was undetectable in cases (case No. 18

ited availability of tumor lysates and relatively large and 19) that showed no tumor-specific activation.

requirement of tumor lysates for kinase assay, we comMAPK activity in gastric tumor tissues We next exam-

pared ERK2 kinase activity in 41 cases bothitysitu ined MAPK activities in gastric tumor tissues by situ

kinase renaturation assay and ioy vitro kinase assay kinase renaturation assay (Fig. 6A). In contrast to colo-

with immunoprecipitated kinase (Fig. 4B). We found arectal tumor, only 6 of 35 cases examined (17.1%)

statistically significant proportional relationship between showed more than 2-fold higher activation of MAPK in

in situ kinase renaturation assay andvitro kinase assay tumor tissues. There was no clear difference in MAPK
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* 3k %k Table I. Tumor-specific Activation of MAPK and Clinico-
" * * ‘ pathological Variables for Patients with Colorectal Carcinoma
Negative Positive
100% + | I | (ngZZ) (n=42) P-value
Male 14 30
. Female 8 12 0.58
Lymph node metastasis
0 6 18
1 8 9
2 2 3
3 4 8 0.52
50% unknown 6
Metastasis
0 17 33
55% 1 5 9 >0.99
Stage
I 4 12
[ 3 7
1 1 ) I 9 13
0% v 6 9 0.73
stomach rectum colon unknown 1
Fig. 7. Ratios of MAPK-active cases in gastric, rectal and colonHistology
carcinoma. Black boxes, cases that showed tumor-specific acti- Well 1 2
vation of MAPK; open boxes, cases that showed no specific mod 22 37
activation of MAPK. O negativem  positivé]l P=0.0008, ] muc 0 3
P=0.0349,[111P=0.0001. Age (years}SD 64.7#11.2 60.@10.8 0.11
Location
colon 5 21
rectum 17 21 0.03

expression between tumor tissues and paired normal tis-
sues (Fig. 6B). Thus, gastric carcinoma tissues showed a

lower rate of tumor-specific MAPK activation than did

colorectal carcinoma. We found that the differences in

MAPK activation rate among colon, rectum and gastricln this report, we demonstrate a high frequency of tumor-
tumor were statistically significant (Fig. 7). specific activation of MAPKs in human colorectal carci-
MAPK activity and clinicopathological manifesta- noma tissues both kn situ kinase renaturation assay and
tions We examined the correlation of relative MAPK by in vitro kinase assay with immunoprecipitated MAPK.
activities with clinicopathological manifestations of colo- Of 64 cases of colorectal carcinoma that we examined,
rectal carcinoma as summarized in Table I. These tumortimor tissues of 42 cases (65.6% of total) showed more
consisted of 3 well differentiated and 59 moderately dif-than twofold higher activities of ERKs compared with
ferentiated adenocarcinoma, and 3 mucinous carcinomahose of paired normal tissues. MAPK activation is a
and were obtained from 44 male and 20 female patientsesult of the sequential activation of signaling molecules
with an age range of 22 to 91 years (average 62 yearsthat consist of growth factors and their receptors, proto-
We found that 42 carcinoma tissues (66%) showed morencogene products and kinases. We found that activation
than twofold higher activation of MAPK compared with of MAPK in colorectal carcinoma tissues was associated
paired normal tissues, while 22 cases (34%) showed nwith activation of MEK, although the availability of
specifc activation. Tumor-specific activation of MAPK tumor tissues was limited. Our results suggest that consti-
was not associated with sexP<0.58), lymph nodal tutive activation of the MEK-MAPK signaling pathway is
involvement P=0.52), metastasis rateP%0.99), stage highly associated with tumorigenesis of colorectal carci-

(P=0.73), histological classification or age<0.11). noma.
Several lines of evidence suggest that activation of the
DISCUSSION tyrosine kinase-Ras signaling pathway activates malignant

conversion of tumor cells. Recently, we foefnt that
Evidence has been accumulated that MAPK functiondVAPK activation was involved in the activation of matrix
as a critical integrator of cell growth and differentiation. metalloproteinase-9 and invasion of ovarian cancer cells.
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In contrast to these observations, however, we did not findrom that of gastric carcinoma. In gastric carcinoma,
any clear association of MAPK activation with the clini- MAPK might have a more specific role than in colorectal
copathological manifestations in the cases that we examearcinoma. In this report, however, we only examined the
ined, although a high incidence of MAPK activation was subtypes of MAPK, ERK1 and ERK2. In addition to these
observed. These results suggest that the MAPK signalinlAPKs, other types of MAPK as well as MAPK-inde-
pathway may have multifarious roles in tumor cells pendent pathways such as Jak-STAT have been identified.
depending on the cellular context. In colorectal carci-The activities of these signaling molecules in gastric car-
noma, activation of the MAPK pathway may be insuffi- cinoma tissues remain to be examined.
cient for malignant conversion, but may be required for
the tumorigenic growth of the cells. Our results are coNSOACKNOWLEDGMENTS
nant with the notiof? that point mutation of kas is one
of the early genetic changes widely observed in colorectal We thank Dr. Anindya and Mary Dutta for their critical read-
tumor. ing of the manuscript and other members of Hamaguchi Lab. for
In contrast to colorectal carcinoma, we found that onlyhelpful discussions and comments. This work was supported by
6 of 35 cases of gastric carcinoma (17.1%) showed3rants-in-Aid for Scientific Research on Priority Areas and for
tumor-specrﬂc act|vat|0n Of MAPK Our results are con- COE Research from the Ministry of Education, Science, SpOI’tS
sistent with the previous report that MAPK activity is a_md Cult_ure of Japan, the Naito Foundation and Sankyo Founda-
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