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Ras Gene Mutations and Expression of ERK1 and ERK2
Proteins in Stomach Cancer

Jinyoung Yoo, Seok Jin Kang, Byung Kee Kim and Chang Suk Kang

Department of Pathology, College of Medicine, The Catholic University of Korea, Seoul, Korea

We investigated stomach cancers for ras abnormalities and expression of
ERK1 and ERK2 to determine their significance in the tumor development and/or progres-
sion and to evaluate their potential correlation with clinicopathologic parameters. Methods :

Seventy gastric adenocarcinomas were studied immunohistochemically in paraffin-embed-
ded tissue sections for the expression of ERK1 and ERK2 proteins. All tumors were further
analyzed with the use of a polymerase chain reaction technique and a direct sequence anal-
ysis procedure for the presence of the mutated ras gene. Results : ERK1 and/or ERK2 was
expressed in 65.7% (46/70) of the tumors; overexpression of ERK1 was observed in 38 (54.3%)
tumors, whereas ERK2 was detected in 29 (41.4%). Nine (12.8%) samples demonstrated
mutations in the ras gene: 4 in H-ras and 5 in K-ras. Seven of the 9 (77.8%) mutated tumors
were of the intestinal type. No association was established between the ras abnormalities and
the overexpression of ERK1 and/or ERK2. However, the correlation between ERK2 and pro-
gression (early vs. advanced) was statistically significant (p<0.05). Conclusions : These data
indicate that ras abnormalities are uncommon events in gastric adenocarcinomas. The majori-
ty of ras mutations, however, occurred in intestinal-type tumors, supporting the notion of dif-
ferent molecular mechanisms involved between the intestinal- and diffuse-type lesions. En-
hanced ERK2 activity may provide assistance in the determination of tumor penetration in
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& 2}o| = (Poly-L-lysine coated, Probe On Plus Microscopic
slides, Fisher Scientific, Pittsburg, US.A.)ol F2ZA)7] T}
80C QEolA 1587 A3 T FAANOZ H20x] 287
43] W2 AElete] d2tis AAGY 100% YIEE 102
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9z} &A= ERK1 (Santa Cruz Biotechnology, Inc,, Santa
Cruz, US.A)3 ERK2 (Santa Cruz)ol tjgt @&& A&
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o]z} 84| (biotinylated anti-mouse immunoglobulin antibody,
Dako Co., Ltd., Kyoto, Japan)Z 1087+ vFS-A) T A% &
ZAoF 38X 33 A3 & streptavidin peroxidase detec-
tion system (Zymed)< ©]43}% biotin-avidin 0] 2%

FE397, Al =4 3 AEC (3-amino-9-ethyl carbonate)
E o]&3 1087k 2L AX Meyer's hematoxylin (Zy-
med) 0.2 t)ZzgA L o}o:] .Jrﬁ}&]u]ﬁ oz ,,bel_oﬂr/].
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H-ras codon 12/13:
5-CTG-AGG-AGC-GAT-GAC-GGA-ATA-TAA-GC-3
(sense)
5-CTC-TAT-AGT-GGG-GTC-GTA-TTC-GTC-CA-3
(antisense)
H-ras codon 61:
5-TGA-GCC-CTG-TCC-TCC-TGC-AGG-ATT-C-3
(sense)
5-GCC-AGC-CTC-ACG-GGG-TTC-ACC-TGT-A-3
(antisense)
K-ras codon 12/13:
5-ATG-ACT-GAA-TAT-AAA-CTT-GTG-GTA-3
(sense)
5-AC-CTC-TAT-TGT-TGG-ATC-A-3 (antisense)
K-ras codon 61:
5-TTC-CTA-CAG-GAA-GCA-AGT-AG-3 (sense)
5-CAC-AAA-GAA-AGC-CCT-CCC-CA-3 (antisense)

ZAo)A 28 DNA 2 uL (1 pg/100 uL)el Z+ primer
16 uLA Y3 SHFE AA Fol 10 pL7t HEE 3 thy,
dNTPs (Pharmacia, LKB, Gaithersburg, US.A.) 2 pL, Taq
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A+ A= Table 134 29] #ﬁémi HgxA ket A
2} ERK10|1 ERK29] ¥ H5 469(65.7%) oA 2=
Atk ERK1 38¢)(54.3%) W ) spddo] QIAtHFig.
D). I F 94(9/17, 529%)7} 2915 50l aL 2990(29/53,
54.7%) 7% A9F EoldieH, Fo] 2690(26/47, 55.3%),
mEo) 12¢](12/23, 52.2%)E, ERK1 W83} &9 94X
Lauren ol e xpols Holz| oket Bk 27] 99 27
o = 139(48.1%) <t g 9t 43¢] = 259(58.1%) A
ERKlo] &ste] I&Eot FAXCE fofgh FaaArt §l
Atk ERK2E 299 (414%) oM ¥4 B w55 HAtHFig.
2). IR =9 471% (8/17), VAR 4= 396% (21/
53)ellAl o] AU, FY 7kl 46.8% (22/47), WIRHE
7hE 304% (7/23)7F O E, ZYRolA WA g
43 dFolA ERK2 wdo] o Btou BAA o= ¢l
ek s 7] 4] 259% (7/27), A3 &< 51.2% (22/43)
ol ERK2 o] AZEG=H, ol EAZHSE 99 gl

Table 1. Correlation between ras mutation and expression of ERK1 and ERK2 according to tumor location, subtype and depth of

invasion
Location Subtype Depth of invasion
Proximal (%) Distal (%) Intestinal (%) Diffuse (%) EGC (%) AGC (%)
ras mutation 3/17 (17.6) 6/53 (11.3) 7/47 (14.9) 2/23 (8.7) 4/27 (14.8) 5/43 (11.6)
ERK expression 10/17 (58.8) 36/53 (67.9) 32/47 (68.1) 14/23 (60.9) 14/27 (51.9) 32/43 (74.4)
ERK1 9/17 (52.9) 29/53 (54.7) 26/47 (55.3) 12/23 (52.2) 13/27 (48.1) 25/43 (58.1)
ERK2 8/17 (47.1) 21/53 (39.6) 22/47 (46.8) 7/23 (30.4) 7127 (25.9) 22/43 (51.2)

EGC: early gastric carcinoma, AGC: advanced gastric carcinoma, p value: ERK2-depth of invasion=0.037, ras-location NS, ras-subtype NS, ras-
depth of invasion NS, ERK1-location NS, ERK1-subtype NS, ERK1-depth of invasion NS, ERK2-location NS, ERK2-subtype NS, ras-ERK1 NS, ras-

ERK2 NS.

Table 2. List of ras mutation-containing cases in gastric adenocarcinomas

Immunohistochemistry

Tumor location Subtype Depth of invasion ras mutation
ERK1/ERK2
1 Distal Intestinal EGC H-12/GTC/Val -1+
2 Proximal Intestinal EGC H-12/GTC/NVal -I-
3 Proximal Intestinal AGC H-12/GTC/Val +/+
4 Distal Diffuse AGC H-12/GTC/Nal -/-
5 Distal Intestinal AGC K-13/AGC/Ser -1+
6 Distal Diffuse EGC K-13/AGC/Ser ++
7 Distal Intestinal EGC K-61/CTA/Leu +/-
8 Proximal Intestinal AGC K-61/CGA/Arg -/-
9 Distal Intestinal AGC K-61/CGA/Arg +/+

EGC: early gastric carcinoma, AGC: advanced gastric carcinoma.
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Fig. 1. Immunohistochemical analysis for ERK1. Strong expres-
sion is present in the nucleus and cytoplasm of tumor cells.

T in tumor

5GCC-GGC-GGT-GTG3
3 CGG-CCG-CCA-CACY

Normal “sense”
Normal “antisense”

A'in tumor

C ACACTCGACGGSOEC
A

Fig. 2. Immunohistochemistry for ERK2. Many tumor cells show
positive immunoreaction in the nucleus.

A in tumor

5GGT-GGC-GTA-GGC3
3 CCA-CCG-CAT-CCGY

Normal “sense”
Normal “antisense”

T in tumor

G CCTACGT CTATCOC
A

Fig. 3. Demonstration of H-ras mutation in the second base of
codon 12 (GGC—GTC) of the sense strand, as indicated by a
C-to-A transversion in the antisense strand.

3t 7099 AARF ISR A VA
H-ras®t K-ras §34¢] & 12, 13, 61~ T exond
A Az xRS BE A Q7G9S BATh e
A e 9¢l(128%) A ras F22 EAWol7} #AE AT H-

Fig. 4. Demonstration of homozygous mutation in the first posi-
tion of codon 13 (GGC—AGC) of the sense strand of K-ras, as
evidenced by the presence of T in the antisense strand of the
sequence.

ras S0 l* 4ol A, K-ras ER0l= 5eflolA] #&HF]
A, BE EdWolE el 7] AEeR o]FolFTh H-ras
= E%F codon 129 F WA 971 G7} T (GGC—GTC)ZE A
Sejo] FEAIAl B E wHATH(Fig. 3). K-ras S
o] 299l 4] codon 139 A WA H7|A Lo (GGC—
AGC) A4 2gile] Aoz A= (Fig. 4), 34
codon 61¢] F /A 4717} Gy TE who] % FFEe]
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