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KRAS MUTATION FREQUENCY AND SPECTRUM
IN COLORECTAL CANCER: CORRELATION WITH
THE TUMOR LOCALIZATION
IN KAZAKHSTANI POPULATION

Abstract. 4im. Activating mutation in KRAS oncogene is one of the most significant events in colorectal can-
cer (CRC) molecular pathogenesis. Along with the success of complex treatment, understanding the CRC genomics
due to the extensive use of molecular genetic studies promotes an optimum choice of therapy variants. The aim of
this study was to define the frequency and spectrum of KRAS gene mutations in CRC patients depending on the
tumor localization for choosing the treatment tactics and predicting the course of the discase.

Method. This retrospective study included 332 CRC patients treated in the Republic of Kazakhstan from 2010
to 2014. Their tumor material was formalin-fixed and waxed and morphologically assessed. KRAS mutation status
was established by PCR study.

Results. The mutations were most frequent with rectal cancer (n=82, 55%), followed by left-sided colon cancer
(n=43, 28.9%), and right-sided colon cancer (n=24, 16.1%). The mutations were most frequent in codon 12, in
particular, G12D — 32.9%, G12V — 24 2%, and G13D — 19.5%.

Conclusion.

1. The obtained results on KRAS mutation frequency correspond to the data published by other researchers.

2. KRAS mutations are more frequent in left-sided colon cancer compared to right-sided colon cancer
(P=0.001).

3. There is an upward trend in KRAS mutation frequency with tumor localization in the distal parts of the
colon, especially in the rectum.

4. The mutations were most frequent in codon 12, in particular, G12D, G12V, and G13D. G12V mutations were
frequent in tumor localization in the rectum.

Introduction. Colorectal cancer (CRC) is a heterogencous group of tumors which differ in both the
mechanisms of carcinogenesis and, therefore, molecular changes, and the prognosis of the disease and the
specifics of treatment. Today, choosing tactics for treating patients with metastatic colorectal cancer shall
take into account not only clinical factors like tumor spread, patient functional status but also the
molecular profile of the disease.

The frequency and spectrum of KRAS gene mutations and their correlation with clinical and
morphological features of patients with CRC are widely studied in the literature. Several studies (see the
analysis of 551 cases of CRC at diagnosis by Palomba ¢t al.) did not reveal any significant correlation of
KRAS gene mutation frequency with the patient’s age, gender, tumor localization and depth of invasion,
the degree of malignancy, and the presence of regional or distant metastases [1, 2]. Still, there is evidence
that KRAS gene mutates more often in rectal tumors than in tumors in the overlying colon. Some
researchers have revealed the relation of the KRAS gene mutation in codon 13 with the stage of the tumor
process [3-6].

Thus, the prognostic value of KRAS gene mutation in CRC tumor has not been fully proven in the
literature and requires further research.

Purpose of this study was to define the frequency and spectrum of KRAS gene mutations in CRC
patients depending on the tumor localization for choosing the treatment tactics and predicting the course
of the disease.
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Method. Patients and data extraction. This retrospective study included 332 patients diagnosed with
CRC and registered at the Regional Cancer Centers of the Republic of Kazakhstan in 2010-2014. Their
KRAS status was established by PCR study of their post-surgery or biopsy samples.

In the study, women (n=182, 54.8%) prevailed over men (n=150, 45.2%). Most of the patients (88%)
were aged 44 and above; only 12% were below 44 years. The average age was 56.4 + 10.5 years (25 to
79 years).

All patients underwent a complete clinical examination, X-ray, CT, ultrasound, MRI of the chest,
abdomen, pelvic organs; their CRC diagnosis was confirmed morphologically.

DNA extraction and KRAS mutational analysis. Molecular genetic study of KRAS status was
conducted at the Laboratory of Pathomorphology and Molecular Genetics of the Kazakh Institute of
Oncology and Radiology. The quality of the obtained materials was assessed morphologically. Depending
on the percentage of tumor cells in the sample, the samples were subjected to 3-5 macro dissections and
dewaxing for DNA extraction. The samples containing less than 20% of tumor cells were microdissected
along the slide zone previously marked by the morphologist to avoid false-negative results. The DNA was
extracted using the FFPE DNA extraction kits (QIAGEN, Inc. Valencia, CA). The concentration of the
extracted DNA was determined using NanoDrop spectrophotometer (Thermo Fisher Scientific, Massa-
chusetts, USA); DNA quality was assessed using real-time control PCR comparing the results with
control DNA. The mutations in KRAS codons 12 and 13 in exon 2 were detected by allele-specific PCR
method using BioLink kits.

The statistical processing of data was made using a PC with installed IBM SPSS Statistics 20 pac-
kage (trial version). Pearson's linear correlation coefficient (r,) was used to identify the relationship
between the variables.

Results. KRAS gene status was determined in tumors localized in different parts of the colon. Of the
332 CRC patients included in the study, 48 (14.5%) patients had right-sided colon cancer (RCC) with
tumor localization in the right side of the intestines (cecum, ascending colon, hepatic angle, or transverse
colon) vs. 99 (29.8%) cases of left-sided colon cancer (LCC) with tumor localization in the left side of the
intestines (splenic angle, descending colon, or sigmoid colon). The remaining 185 (55.7%) patients had a
tumor in the rectum, including its rectosigmoid part (figure).

Right side of the intestines
(n=24)

Left side of the intestines
(n=43)

Rectosigmoid angle (n=19)
Rectum (n=53)

KRAS mutation frequency depending on the tumor localization in CRC (n=332)

Legend:

Blue — Right side of the intestines (n=24)
Red — Left side of the intestines (n=43)
Green — Rectosigmoid angle (n=19)
Violet — Rectum (n=63)
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Of all the CRC patients included in the study (n=332), 149 (44.9%) had mutant-type KRAS
(mt-KRAS), and 183 (55.1%) had wild-type KRAS (wt-KRAS). Among patients with RCC, the number
of mt-KRAS and wt-KRAs cases was the same (n=24, 50%). Among patients with lesions of the left
sections of the colon, including the rectum, 125 (44%) patients had mt-KRAS against 159 (56%) with
wt-KRAS. KRAS mutations depending on the tumor localization were most frequent with rectal cancer
(n=82, 55%) followed by LCC (n=43, 28.9%), and RCC (n=24, 16.1%) (table 1).

Table 1 — KRAS gene status and mutation frequency depending on the tumor localization in colorectal cancer

KRAS status Right-sided colon cancer Left-sided colon cancer Rectal cancer
(n=48, 100%) (n=99, 100%) (n=185, 100%)
Wild-type KRAS (n=183) 24 (5043.1%) 56 (56.6+4.9%) 103 (55.7+3.6%)
Mutation KRAS (n=149) 24 (5043.0%) 43 (43.4+4.9%) 82 (44.3+£3.6%)

For colon tumors (n=67), the KRAS mutation frequency with LCC (n=43, 64.2%+5.8%) was higher
than with RCC (n=24, 35.8+5.8%); the difference was statistically significant (P = 0.001).

In our study, 120 out of 149 (80.5%) patients with mt-KRAS had mutations in codon 12, of which
GI12D (32.9%) and G12V (24.2%) were the most common. G12D, G12V mutations were especially
frequent in rectal cancer (28 out of 49 and 25 out of 36, respectively). G128 and G12C were less frequent
(up to 10%). G13D was observed only in 29 (19.5%) of cases (Table 2).

No increase in mutation frequency with the tumor localization in the intestine was observed. The
correlation coefficient for the pair “Right intestine — KRAS mutations” was r, = —0.042, P = 0.06. The
inverse relationship between these variables was very weak (table 2).

Table 2 — Correlation of KRAS gene mutations with tumor localization in colorectal cancer

Losation Mutations
KRAS Right-sided colon cancer Left-sided colon cancer Rectal cancer in codons
mutations
0 p- 0, p- 0, p-
n 7 | value n 7 | value n 7 | value
G12A 5 20.8(-0.025| 0.05 7 16.3( 0.013 | 0.06 8 9.7 10.006 | 0.06 |20 (13.4%)
Gl2C 2 8.3 1-0.034| 0.06 1 2.3 1-0.002{ 0.06 4 49 [0.026 | 0.06 | 7(4.7%)
G12D 9 37.5(-0.027] 0.06 12 |27.9]-0.011{ 0.06 28 34.1(0.029 | 0.06 |49 (32.9%)
G128 0 0 |-0.053| 0.06 5 11.6{0.023 | 0.05 3 3710016 | 0.06 | 8(5.4%)
GI12v 3 12.5]-0.068| 0.06 8 18.6(-0.008| 0.06 25 30.5[0.056 | 0.06 | 36(24.2%)
G13D 5 20.81-0.038| 0.06 10 |23.3|0.016 | 0.05 14 17.1]0.012 | 0.06 |29 (19.5%)
Total mutations A 100 [-0.042] 0.06 4 100 | 0.006 | 0.06 4 100 | 0.025 | 0.06 149
(16.1%) ’ ’ (28.9%) ’ ’ (55.0%) ’ ’

Discussion and Conclusion. Of the 332 CRC patients included in the study, 149 (44.9%) had mt-
KRAS, and 183 (55.1%) had wt-KRAS. Our results correspond to the results obtained in extensive
multicenter studies which confirm the 30-50% mutation frequency of KRAS in colon tumors [1, 3, 5-7].
Thus, our results on the frequency of KRAS gene mutation are consistent with data published by other
researchers.

The literature sources reported about 97-99% of KRAS gene mutations in codons 12 and 13 com-
pared to 1-3% in other codons. Therefore, we focused our research on these codons as they mutated most
often. A mutation was detected at any location of the tumor in the colon, but its frequency varied. We
compared the KRAS mutation frequency in rectal cancer with other colon sections, including its right and
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left sides. In our study, KRAS mutations in rectal cancer (n=82, 55.0%) were more frequent than in colon
cancers of other localizations (n=67, 44.9%). Also, we revealed a statistically significant prevalence of
KRAS gene mutations in LCC (n=43, 28.9%) vs. RCC (n=24, the least frequency — 16.1%) (P = 0.001).
The mutation frequency was also growing with tumor localization in the lower section of the colon, and
especially in the rectum (table 1).

The mutations were most frequent in codon 12, in particular, G12D — 32.9%, G12V - 24 2%, and
GI13D - 19.5%. However, in our study, a high GI12V mutation rate was observed in rectal cancer
(25 mutations out of 36) (table 2).

The obtained data on mutations in codons 12 and 13 suggests different etiology of carcinogenesis in
different parts of the colon.

I. P. Kaiinaposa, K. K. Cmarysosa, 7K. K. Koaasioaii, /K. K. Ynarucora
Kazaxckuit HUU onkonorum u paguonoruu, Amvarel Kazaxcran

HU3YUYEHHUE YACTOTHI U CIIEKTPA MYTAIIMU I'EHA KRAS
Y BOJBbHBIX C KOJOPEKTAJIBHBIM PAKOM (KPP)
B 3ABUCHMOCTH OT JIOKAJTU3AIMEN ONTYXOJIA
B MACIITABE PECITYBJIMKH KA3AXCTAH

Annoramusa, OgeAM U3 HAHOOJCE 3HAYMMBIX COOBITHI B MOJCKY/LIpHOM matorcHese KPP sBmsaeTca akTHBH-
pyromas myTtauus B oHkoreHe KRAS. Hapsaay ¢ ycmexaMu KOMIUICKCHOTO JICUCHHS, MOHUMAHHC TeHOMuKH KPP,
6aroaps MHUPOKOMY HCHOJIB30BAHUIO MOJICKYJIIPHO-TEHETHUCCKUX HCCICAOBAHMI, MPEIOCTABHUIO BO3MOKHOCTD
ONTHUMAJIBHOTO BHIOOPA TEPATIEBTHUCCKUX OTIIHH.

I]envro HACTOSIIETO WCCIEIOBAHMS OBIIO OIPEICICHHUE YaCTOTHI M CHekTpa MyTanuit reHa KRAS y 6016HBIX
KPP B 3aBHCHMOCTH OT JOKAJIM3AUWH OMYXOJH A1 ONMPEACICHUS BHIOOPA TAKTHKH JICUCHUS W HMPOTHOZUPOBAHI
TCUCHUS 3a00ICBAHIL.

Mamepuanvt u memoows:. Hamu ObIIIO H3yUEH OIMyXO0IeBblil MaTepran 332 manueHTos ¢ nuarHozoM KPP, ¢uk-
CHPOBAHHBIH B (POPMAIMHE, 3aKTIOUCHHBIN B Mapa(uH, MPOXOJUBINNX JCUCHHE B OHKOJIOTHYCCKHX AMCIAHCEPAX,
OHKOJIOTHYECKHX LEHTpaXx H B Ka3axCkoM HAay4HO-HCCIEIOBATEIBCKOM HMHCTHTYTE OHKOJNOTHH U PATHOTOTHH
(KasHMMOwuP) 3a nepuox ¢ 2010 mo 2014 roxer. [Tocme MOP(HOIOTHHUSCKOH OIICHKH KAYeCTBA UCCIICAYCMOTO MATe-
puana B 7a0OPaTOPHH MOJCKYJIPHOH TCHETHKH OBLIO MPOBEACHO MOJICKYIIPHO-TCHETHYCCKOE HCCICIOBAHHUE IIO
onpenencauto myTamun reHa KRAS meroom TTLP.

Pesynemamer. [1o MOMy4YeHHBIM HAMH PE3YIBTATAM, MBI MOYKEM CYAUTH, YTOHAHOOJIBIIEE KOTHIECTBO MY TaI[HH
reHa KRAS 65u10 00HApY>KEHO MPH MOPAKECHHUH TMPsAMOit kumiku —y 82(55%) u3 149 manmenros. Jlanee mo gacToTe
BCTPCUACMOCTH MYyTAWH 3aHUMAIH JICBBIC OTICIBI TOJCTOH Kumku — v 43(28,9%) maumenToB. [Ipn mopaskeHIH
MPABBIX OTACIOB TOICTON Kumku MyTarusa reHa KRAS Berpeuanacs B 24(16,1%) cmyuae. Haubomaee uacTeic MyTa-
u ObimH B 12 kogoHe, a mMeHHO G12D - 32,9%, G12V -24.2% u G13D -19,5 %.

Bvigoowr.

1. TToay4yeHHBIC HAMH PE3YIBTATHI IO YACTOTS BCTPEUAacMOCTH MyTannu TeHAKRAS cornacyroTca ¢ JaHHBIMHE,
OTyOMKOBAHHBIMHE B IHTEPATY PHBIX HCTOYHHUKAX APYTHMH HCCICIOBATCILIMU.

2. Myranuii rera KRAS Bcrpeuaercs vame mpu NMEPBHYHON JOKATH3ANUHU OIyXOIHM B JIEBBIX OTJCHAX IIO
CPaBHEHHIO C MPpaBoi mokammsauuy, (p= 0,001).

3. TIpocieKuBACTCA TCHACHINA K YBCIIMTUCHHEO Yucia MyTammd TeHaKRASc

BO3PACTAHHEM YACTOTHI IIOPAKEHHAS JUCTANBHBIX OTEIOB TOJICTON KHIIKH U

0COOCHHO MPAMOM KHIIIKH.

4. Hambonee wacteic Mytamuu Obnmm B 12 xomome, a mmeHHO G12D, G12V m GI13D. Beicokas wacrora
MyTammuG12V Habmromanacs MpH JTOKANIH3ALMHI OIy XOIH B PAMOH Kumike (25 Mytanun u3 36).

KioueBbie ciioBa: KOMOPEKTANBHBIM PaK, MOJCKYJLIPHO-TCHETHYCCKHE wuccienoBaHmss, myTtamust KRAS;
JTAKUH THIL
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