Japanese Society of Pharmaceutical Health Care and Sciences

EFES Vol. 34, No. 1(2008)

OREET) v AHEBERIL, SHEB L L ToONK
ool s, {LFERFREEIIDOWTIE, BATGE
ELTORMBMELSHERE L TOfEMEL VS
Bl BizhlotthBRREL LTHEESLTY
3",

1999 4, Ohwsu & |2 & D308 S hofz FP+RT MEE (1,
FORIGESD L, WA LEELRD, FHH
CEZRNMEOFRCR T 2WEITNRS L,
$7:, FPHRTBELFARO 7O b3 —LPRRATLE
Bah, FPrRTHELARIZ, AFLERIBLNE
ZEMBLpIzENLEN, bPETIE, 2612, UICC
Stage I /II(T 4 £k ) OMBERT LRI AIZGT D
JCOG 9906 D BEEEATE ST T H (2000420023 I2 76
AOBRERT, RAEEFERS), THRBIF TS 2
#%, 37 B CR 24 Bl(65%) & ) RIF i RIS 6N T
waY PEDL)REREET, HE, bIFEITIR,
FP-+RT A, MiliAA, HFICRTEORAN AN
TOLRENERILLBREhTwS, '

KR TIE, HBRICTFP+RTHEL S BT LN
RIZ2EMOTHREBHFAEL, #EDH D v i FP+HRT
MECLIZERRTH4EMRICBITIRL, Fke
OPIFRE BT LA, SR BT 2RI 80% TH Y,
Kaneko 570 81%, Ohtsu 5" 87% & 12T M 1B ) T
Hot:. £/, Stagel/ND/MZBT 2 IELHEL 0% LU
FIZELTHY, FPHRTMESRITRESACH LT
VHRTHLI I EHAMBETES. —F, 2F5EFITE
hT52% THo7:. Ohsu 6"D 1 EEHEB 1%, 3F
4: 7796 23%, Tahara 59, % L < &, Ishikura 570 3 47
B I7-38%, T/, Ay Va—LIELTHEA
CDDP % 5.FU OS5 B, HHEOREE - L2, FP+
RTH#E L D E v ICOGISIEVTD 2 FELTEHI15% &
HELT HE H5VEPPENTVWA#RTHo .

HAEIZBIT S FPHRT BEICRT 2 8E 9D E
i, EIZT3/4£0BELTBY, MU LFROMEL
HEREICTAZERBLY. ¥RTI, TI223LTY,
T3/4 LIZIZMEOHET, FPHRTHETHAFA SN T
BYH, TOFR, H22i0mT Lo, WL PRI HEN
FEIENELM o, T BI3IERT LA,
EHRR T4 AMBE BT A2HMET, CREAIEEBRL
T, non-CRALBVWTEFENFLIETFTFAILD
Bohifol, EZAHT, Tahan HDHEY, b L ¢
i% Ishikura & DML, FP+RT BT A{E%A9%
WETHL2 LB LT THS. oD
BT, TI2%F519%, Stage I /TEA31% 0O B
Fizrd LT, CR A 56—58%, 2 FEAEFHA 40—45%,
CREID 2 £ LLFHEAT0-75%, L&oTHEL, —5,
KFFRTIH, TI/2¥H143%, Sagel /DA 1% =
LT, CRENSY%, 2FLFEH52%, CREAD2

-320-

FEEERHEBY, Lok, MEOLRDSL, JRT
i, FRFHEORENANES {(, CREEIPPE!, F
BIAEH, HLVECLEATVE, LVIRETHE
EHBI SR I TREOEY AL, KiTHEDb 0L
HRLT, BF2EEF B3I Las, $ETIECR
LHigandtion, LEZGR, O, HET,
CRAD 2ELFENREVWCLLEFELLZVWERDL
7o BETIR, HESTHIEMBOBBET, lonk
WY Y AGBOEBEFED SN LHE, HiEICHEY, “un-
cermin CR"EFHLY, %5612, 3 ARIBERETTT
9. SOZENCRAUERBEOBVIZALMCTHREL
TWwaHo, LEEELL.,

EFRTR, TET, MBFELI-oTHTFERINET
XL ENS, L2 AT, Kancko 521%, TH
FlE ) FHROXENTRTHLLO00, MEFC2
WTREREFERTHLLERL TS, A&
i, T3 L TA4DEFHM(FPRINDIEBEDOBD29HH L
IHAATHN, HEENICHFELERIEDHLENS
DD, MOEMITIRBODBDISAHLENRABETS
D, REZBOBELWIEERELTVS. TEF, M
HFIEA2FROEEIZOVTIHE L CHELRE L
BEThHLBbhi o8, 2985£FE2, SFUES
M(mg/day\ 2B L2 vb D LT E R,

Lk, 2 EMoOFHRLENMIEL, MELDVIZER
BTHAMMEC B D@L, THREOMABL L
7o, FORE, DYERICBITLIEDTIZ% THD,
bHEIZ B A LEROERE NETHE 2 L, )T
BORBASAKEHLTOARTHLZ L, I ELFE
1252% THH, bIEEBTMEROERLEES,
HAEVIPRLENLTWEZE, HWBE TFRIERT 2
Tk, SEMA TR 4 MMEIC BV LI, Rkslicit
EHLdd, TFRIRTAZLE, OTHF, MBE
FLTFHROBERFIC LN Bohblnlenwi s, W
BLLIEHELGMI LA, SERIZEIT S FPHRT RED
MO BEORRLFESETSH), FPHRT ME
i, BRIET T2 I L (MR EBE T LAr
TEAZEDD, HHNFAICBITAEREREL 25T
REtE AR S s,

5| A X ®

1) A. Ohtsu, N. Boku, K. Muro, K. Chin, M. Muto, S.
Yoshida, M. Satake, S. Ishikura, T. Ogino, Y. Miyata,
S. Seki, K. Kaneko, A. Nakamura, Definitive chemora-
diotherapy for T4 and/or M 1 lymph node squamous
cell carcinoma of the esophagus, J. Clin Oncol., 17,
2915-2921 (1999). .
2) K. Kaneko, H. Ito, K. Konishi, T. Kurahashi, T. Ito, A.
Katagiri, T. Yamamoto, T. Kitmahara, Y. Mizuani, A

NII-Electronic Library Service




Japanese Society of Pharmaceutical Health Care and Sciences

EMIEE Vol. 34, No. 1(2008)

3)

4)

5)

6)

7

Ohtsu, K. Mitamura, Definitive chemoradiotherapy for
patients with malignant stricture due to T3 or T4
squamous cell carcinoma of the oesophagus, Br. J.
Cancer, 88, 18-24 (2003).

S. Hironaka, A. Omsu, N. Boku, M. Muto, F. Naga-
shima, H. Saito, 8. Yoshida, M. Nishimura, M. Huaruno,
S. Ishikura, T. Ogino, S. Yamamoto, A. Ochiai, Non-
randomized comparison between definitive chemoradio-
therapy and radical surgery in patients with T(2-3)N
(any)M(0) squamous cell carcinoma of the esophagus,
Int. J. Radiat. Oncol. Biol. Phys., 57, 425-433 (2003).
M. Tahara, A. Ohtsu, S. Hironaka, N. Boku, S. Ishiku-
ra, Y. Miyata, T. Ogino, S. Yoshida, Clinical impact of
crileria for complete response (CR) of primary site to
treatment of esophageal cancer, Jpn. J. Clin. Oncol.,
3§, 316-323 (2005).

S. Ishikura, K. Nihei, A. Ohtsu, N. Boku, S. Hironaka,
K. Mera, M. Muto, T. Ogino, S. Yoshida, Long-term
toxicity after definitive chemoradiotherapy for squa-
mous cell carcinoma of the thoracic esophagus, J. Clin.
Oncol., 21, 2697-2702 (2003).

1. Miki, T. Tamura, T. Nakamura, H. Makimoto, N. Ha-
many, H. Uchiyama, D. Shirasaka, Y, Morita, H. Ya-
mada, N, Aoyama, T. Sakaeda, K. Okumura, M. Kasu-
ga, Circadian variability of pharmacokinetics of 5-
Auorouracil and CLOCK T 3111 C genetic polymor-
phism in patients with esophageal carcinoma, Ther.
Drug Monit., 27, 369-374 (2005).

T. Okuno, T. Tamura, M. Yamamori, N. Chayahara, T.
Yamada, [ Miki, N. Okamura, Y. Kadowaki, N. Aoya-
ma, T. Nakamura, K. Okurqum. T. Azuma, M. Kasuga,

8)

9)

10)

11)

12)

13

—

-321-

T. Sakaeda, Favorable genetic polymorphisms predic-
tive of clinical outcome of chemoradiotherapy for Stage
I /Il esophageal squamous cell carcinoma in Japanese,
Am. J. Clin. Oncol ., 30, 252-257 (2007).

FE, KEFAOREIEH— SMGEHER EME
s, B¥0bex, 215, 420-427 (2005).
BAFEHRIEHS LM, “Third edition EEFRIEE ", 4
EAbERREAE, 2003, pp. 582-613.

J.S. Cooper, M.D. Guo, A. Herskovic, J.S. Macdonald,
J.A. Martenson Jr., M.Al-Sarraf, R. Byhardt, A H. Rus-
sell, 1.J. Beitler, S. Spencer, 5.0. Asbell, M.V, Graham,
L.L. Leichman, Chemoradiotherapy of locally advanced
esophageal cancer : long-term follow-up of a prospec-
tive randomized trial (RTOG 85-01). Radiation Therapy
Oncology Group, JAMA, 281, 1623-1627 (1999).

B.D. Minsky, T.F. Pajak, R.J. Ginsberg, T.M. Pisansky,
J. Martenson, R. Komaki, G. Okawara, S.A. Rosenthal,
D.P. Kelsen, INT 0123 (Radjation Therapy Oncology
Group 94-05) phase I trial of combined-modality
therapy for esnphageal cancer : high-dose versus stan-
dard-dose radiation therapy, J. Clin. Oncol., 20, 1167-
1174 (2002).

HEREE, 7 ACESOIMCEREN
FZu 2" 2F4 ANV Ea—1, 2005 pp.l70-
171.

K. Ishida, N. Ando, S. Yamamoto, H. Ide, M. Shinoda.
Phasell study of cisplatin and 5-fluorouracil with con-
current radiotherapy in advanced squamous cell carci-
noma of the esophagus: a Japan Esophageal Oncology
Group (JEOG)/Japan Clinical Oncology Group Trial
(JCOG 9516), Jpn. J. Clin. Oncol., 34, 615619 (2004).

NII-Electronic Library Service




[Cancer Binlogy & Therapy 7:4, 690 708; May 2008): DINE Landes Bioscience

Research Paper

Analysis of p53 mutation status in human cancer cell lines
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Cancer cell lines are essential twools used in many areas of
biomedical research. Using the last release of the UMD_p53
dawbase (2007) (hup://p53.free.fr), we analysed the p53 status
of 1,211 cell lines puh[i:hcd between 1989 and 2007, p53 muta-
uans m cell lines me various types of cancers display a striking

ilarity in the distribution of and in the pattern of
mutational events compared to tumors, indicating that they are
representative of the cells from which they were derived. Analysis
of the residual transcriptional activity of p53 mutants identified
in cell lines that displayed two different p53 mutations show that
there is a high frequency of weak mutations that are pnmd with
more potent mutations suggesting a driver/ ger «
tion. Strikingly, we found discrepancics in the p53 status for 23%
(88!58-4) of cell lines, fu: whu:h the p53 status was established

dendy in two | ies. Using the NCI-60 cell line
panel as a model widely used in the literature, the p53 status could
nor be ascertained for 13 cell lines due o a lack of homogeneous
data in the literature. Our study clearly confirms that misidentified
cell lines are still a silent and neglected danger and that extreme
care should be taken as a wrong p33 status could lead ro disastrous
experimental interpretations. The p53 web site has been updated
with new sections describing the p53 status in the majority of cell
lines and a special section devoted 1w cell lines with controversial
p53 status.

Introduction

Conrinuous cell lines derived from human tumors are widely
used in laborarory research. They can be used for drug screening
(the NCI-60 panels), for production of various mac lecules, for

were performed by studies focusing on one gene and the informa-
tion was scattered in the literature. Recendly, the Sanger Instiute
developed a Catalog Of Somaric Mugations In Cancer (COSMIC)
that gathers information on genetic alterations in human tumor cell
lines.? To date, data in the COSMIC cell line database is a mix of
information taken from the litcrarure and in-house sequencing.?*

Cell line cross-conramination (CLCC) is not a novel problem,
as it was discovered as carly as 1974 thar one in three cell lines were
contaminated, mostly by Hela cells.% Despite the tremendous work
conducred by Nelson-Rees ec al., this problem is still “a silenr and
neglecred danger”, as a recent study indicares a CLCC of 18% ata
German cell line repository. 7% CLCC is not trivial, as the use of
wrong cell lines can lead to erroncous conclusions associared with
years of wasted time and effore. !

p53 murartion is the most common genetic abnormality found in
human cancer.'? In cell lines, loss of p53 activity is usually linked
with several specific landmarks such as defect in growth arrest or
apoprosis after DNA damage and lack of induction of p53-regulated
genes.' 1% The p53 starus is also a key facror for the sensinvity
to anticancer agents and multiple studies have focused on this
subject.'®1¢ Although the majority of swdies found a correlarion
berween loss of p53 function and p53 alteration, a few publications
report opposite resules.'* 1718 This situation is complicated by the
observation that some mutant p53 proteins expressed in cell lines
have only a partial loss of activity or present a temperaturc-sensitive
transcriprional activiry.'”

For more than 17 years, we have collected and compiled p53
mutations in human wumors and cell lines.2**! Although numerous

fies on p53 mutations in human umors have been published, no

AS

modelling human rumors or, most frequently, as biological test tubes
for a large variety of experiments.’ To draw valid conclusions from
such experiments, it is essential for cell lines to be clearly characterized
at the molecular level. For a long time, these genetic charactenizations
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systematic analysis of the p53 starus of cell lines is currendy avail-
able. In the course of updarting the various versions of the UMD
p53 database, we have noticed a number of discrepancies in the p53
status of several cell lines. The situation has recently been worsened,
as these discrepancies have been randomly published in the literatre.
a situation thar can lead to serious problems of dara analysis. Many
drug sensitiviry studics are based on the p53 stars repored in the
liverature withour any new genetic analysis.

In the present study, using the UMD-p53 database as a frame-
work, we performed a precise and thorough analysis of p53 satus
in 1,211 tumor cell lines, Our analysis shows that p53 mutations in
cell lines from various rypes of cancers display a striking similariry in
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the distriburion of mutarions and in the pattern of mutational events
when compared to tumors indicating thar they are representarive
of the cells from which they were derived. Surprisingly, we found
discrepancies in the p53 starus in 23% of cell lines, some of which
are widely used, such as MOLT-4 or CAPAN-1.

Results and Discussion

p53 mutations in cell lines versus tumors. The pattern of p53
mutations can be analysed in two informative ways, either by exam-
ining the distribution of p33 murarions in the p53 prowin or by
scoring the various mutational events thar lead ro these mutarions.
Both types of analysis have been very informative when applied
to various types of human rumors.*® These studies demonsurate
a link between exposure to various types of carcinogens and the
development of specific cancers, The most suriking example is that
of randem mutations, specifically induced by ultravioler radia-
tion, which are only observed in skin cancers.?® The relationships
berween G—7T transversion and lung cancer in smokers or mura-
tion of codon 249 observed in aflaroxin Bl-induced liver cancers
are also very demonstrative.?*2” The distribution of p53 mutations
along the p53 prorein is similar in ramors and cell lines, indicating
thar there is no bias in the selection of specific mutant p53 during
establishment of a cell culture (Fig. 1A and data nor shown). The
only exception concerns colorecral cancer cell lines. p.R175H is one
of the most frequent p53 mutations in tumors, but is very rare in
colorectal cancer cell lines (Suppl. Fig.). This finding is specific for
p.R175H and it is not observed for the other two hot spots at codons
248 and 273. The reason for this bias is not known. Comparison
of the various mutarional events in cell lines and umors has been
performed for all cancers together or for 8 cancer types (Fig. 1A and
B and Suppl. Figs.). As previously observed, the pattern of mutations
differs berween various rypes of cancers, but there is a striking simi-
larity when comparing tumors and cell lines from the same origin.
In colorectal and brain cancer, there is a predominance of GC—AT
wansition at CpG dinucleotides, whereas in lung cancer or head
and neck SCC, the frequency of GC—=TA wransversion is 30% and
20%, respectively, with only a few wansitions at CpG dinucleorides.
This high frequency of transversion in these cancers has been shown
to be associated with wbacco smoking and will not be discussed in
more detail here.?® This similarity in the pattern of p53 murations
in primary umors and cell lines is a strong argument suggesting thar
these p53 mutations did not occur de nove during the establishment
of these cell lines. It also supports the small number of studies that
have found marched p53 murtations in primary tumors that were
used ro establish cell lines and confirms that analysis of the spectrum
of mutations in oncogenes or tumor supp genes in h cell
lines accurarely reflects the situation observed in primary rumors.

Analysis of p53 mutant activity in cell lines. Analysis of p53
murations in human rumors has led to the discovery thar at least
5% to 10% of published p53 mutations could be due to PCR or
sequencing artefacts.22 However, these murarions are not randomly
distributed among the 2,500 publications reporting p53 mutations.
A meta-analysis identified abour 30 publications (1,600 p53 murta-
tions) with a high concentration of unusual p53 mutations thart shared
the following properties: (i) muluple p53 mutations in the same
wmor (3 to 14); (i) a high frequency of synonymous murations; (iii)
a low frequency of mutations at hot spor codons; (iv) most of these
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mutations retained either partial or toral transactivational activity.*”
‘The vast majority of these studies were associated with the use of
nested PCR for amplification and analysis of the p53 gene. Analysis
of p53 mutations in cell lines provides several advantages over anal-
ysis of rumors to minimize artefacrual dava: (i) DNA extracted from
cell lines is available in large quantities. Analysis requires neither
nested PCR nor excessive numbers of PCR cycles and can be easily
repeated; (ii) The high quality of the DNA avoids PCR problems
associated with DNA extracted from paraffin-embedded rissue; (iii)
[DNA is not contaminated by normal DNA from stroma or cells or
infiltrating lymphocytes.

The UMD p53 mutation database includes funcrional infor-
mation about the majority of p53 missense murants, as originally
published by Kato er al.** (see also material and methods).
Quantitative data concerning the transcriptional activity of each
missense p53 mutation has been cxtremely useful to dassify and
analyse p53 mutations in the p53 daabase.?' 27 The mean and
95% confidence interval (CI) of the remaining acaviry of all murant
p33 proteins found in cell lines or in tumors was calculated by using
the activity measured on the p21 WAF1 promoter (similar results
were obrained with the activity measured on seven other promorers
of transcription, data not shown). The analysis shows that the mean
activity was situated berween -1 and -1.2. This value corresponds to a
residual transcriptional acriviry of about 10% compared to wild-type
p53. The narrower 95% Cl in tumors compared to cell lines is due
to the greater number of tumors used in the analysis (Fig. 2A). In the
majority of cancers, residual p53 activity was lower in cell lines than
in tumors, but this difference was only marginally significant in head
and neck, breast and SCLC, p = 0.03). On the other hand, residual
p53 activity has a wider distribution in tumors compared w cell lines
{variance analysis, Fig. 2B). A large number of mutant p53 retain
wild-type activity in tumors, but this feature is rarely observed in cell
lines. This difference was highly significanc for all cancer types (p <
0.0001) except for brain cancers and haematological malignancics.
Two non-exclusive explanations can be proposed for this difference
between tumors and cell lines, First, it is possible that only tumors
with fully inactivated p53 arc preferentially selected to establish cell
lines. This hypothesis could also explain why the frequency of p33
mutations is always higher in cell lines than in wmors. It is also
possible thar this profile of p53 inactivation in cell lines is more
representative of the true pattern of p33 inactivation and thar the
wmor p53 darabase contains passenger murations and/or arrefacrual
mutations with partial or fully active p53.!

During the course of these analyses, we also observed thar 82 cell
lines displayed two p53 missenses mutations, Preliminary observa-
tions suggested that the two mutations may not have the same
importance and that only one muration was the driving force selected
during transformation.” In order ro obrain more information, clus-
tering analysis was performed on cell lines with cither single (SM
cell lines) or double mutations (DM cell lines). Three clusters were
obtained for the two populations, corresponding ro p33 with
wild-type activity (cluster I), intermediate residual activity (cluster
I1) or no activity (cluster 111) (Table 1). The number of mutants in
clusters | and 11 was significancly higher in DM cell lines than in SM
cell lines, whereas murarions with total loss of activiry were more
frequent in SM cell lines (p < 0.0001, Table 1). Mumtions in DM
cell lines were furcher analysed to determine how paired mutations

2008; Vol. 7 basur 5
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(rwo mutations in a single cell line) were assoctared (Table 2). Only
one of the 41 cell lines presented two murations in cluster | wich wr
acuvity for the two p53 mutane alleles. This choriocarcinoma cell
line (NUC-1) displays ewo unusual p53 mutarions at codons 17 and
24 thar have never been observed in any other cell lines or tumors.
Among the 11 remaining murations in cluster I, three were paired
with murations in cluster Il and 8 were paired with muradons in
cluster 111, Among the 19 murations in cluster II, two were paired
with a murtadon of the same class, 3 with class | murations and 12
with class Il mutations. The majority (30) of the 50 musartions in
cluster 111 were paired with a mutation of the same class and 12 were
paired with class Il mutadons (Table 2).

Double mutarions can occur in two configurations, cither on the
same allele (DMS) or on rwo different alleles (DMD). Unfortunarely,
in the majority of cases, this starus is unknown (DMU). In the p53
mutation database based on tumors, the majority of DM with a
known configuration are DMD (about 90%). No cell lines with two
missense mutations in the same allele have been reported and only 10
cell lines with murations on two differenc alleles have been reported.
All of these cell lines expressed one class 11l muration associated with
either another class 1l mutarion (6), or class 11 (3) or class | (1)
mMutations.,

Alrogether, our results indicare that: (i) there is a higher frequency
of weak murations in DM than in SM mumadons and (i) the
majority of these weak mutations are paired with a more porent
mutation. This suggests that the two mutants do not have the same
contribution ro the transforming process. Whether or not these weak
murations are passenger mutations associated with a driving mura-
tion or true mutations associated with selection of the transforming
phenotype is an unresolved question. One of the main problems
associated with p53 murations is the possible dominant negauve
activity of mutant p53 via hetero-oligomerization making ir very
difficult to reach any definitive conclusions concerning weak pS3
mutations. Weakening of the second allele could possibly accentuate
the dominant negative activity of p53.

p53 status in human tumor cell lines. The NCI-60 panel is a
good example of a series of cell lines thar are widely used for borh
basic research and drug discovery.! This panel originally contained
60 cell lines from nine histological origins (Table 3). Several obser-
vations unrelated to p33 starus revealed that some cell lines were
cither mixed up or were derived from the same donor (Table 3).%
At least 100 studies have analysed the p53 status of a subset of the
panel and in 1997, O'Connor et al., reported the p53 status of the
entire NCI-60 panel.'® This paper has been used as a reference for
10 years despite discrepancies with other data in the literature. A
second analysis of the entire NCI-60 panel was performed in 2006
and the results are fairly heterogeneous compared to the 1997 study
(Table 3). Inspection of the two studies leads o the detection of 19
apparent differences (Table 3). Three differences were due to gpo-
graphical errors in the 1997 report (RPMI-8226, SK-MEL-28 and
Hs-578-T). A more careful examination of four other discrepancies
reveals that they are due to a problem of nomenclature associated
with a different mutation screening strategy. In the 1997 paper, p53
mutations were analysed by cDNA sequencing, while the 2007 anal-
ysis was performed using genomic DNA as startng material. One
of the disadvanrages of RNA-based analysis is thar it is impossible
w infer whether deletions found in the ¢cDNA are duc 1o splicing
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Figure 2. Analysis of the residual p53 activity of mutant p53 in tumors and
cell lines. [A) Points, mean p53 octivity as measured by transactivation with
the p2 1 WAF | promoter; bars, 95% CI. A similor distribution wos observed
with other p53 response genes [data not shown|. The y-oxis corresponds
to p53 transactivation activity, with a value of -1.5 for the negative control
and 2.5 for wildtype p53. (B) Variance of the p2 | WAF1 promoter activity
in tumors and cell lines, CRC, colorectol corcinoma; NSCLC, non-small cell
lung cancer. Data from cell lines and tumors are displayed in black and red
respectively.

mutations or intragenic deletions in the gene. On the other hand, i
is always difficult to predicr the consequence of murations found in
intron or splice junctions after genomic sequencing. Both methods
are complementary and may be necessary to ensure an accurate
EENETIC Status,

In HOP-62, RNA-based analysis detected an inserdon between
codon 212-225 but no informartion about the insertion sequence
was available. Codon 225 is at the boundary of exon 6 and intron 6
suggesting a splicing defecr, as analysis ar the genomic level confirms
the presence of a splice murtation in the acceptor signal of exon 6
(Table 3).

In OVCAR-8, the 126-132 deletion detected by the RNA-based
assay concerns the first six residues of exon 5. Genomic analysis
described a murtation in the acceptor site of exon 5 and a splicing
defect leading to a shift of the normal donor site of exon 5 that
skips 18 nucleorides (6 aa residues) in exon 5. Examination of the
DNA sequence at codon 132 reveals an AG dinucleoride sequence
preceded by a pyrimidine wact similar to those found in the splice
donor sequence. The same situation is observed for NCI/ADR-RES
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Table 1 Cluster analysis of p53 mutation activity

] DM

Cluster | [wt octivity) 27 (3.4%) 13 (15.9%)
Cluster II flow acitivity) 73 19.3%) 19 (23.2%)
Cluster Il (no activity) 687 (87.5%) 50 (61.0%)
Total 787 (100%) 82 (100%)

The table entries ore the number (ond %) of mutents dassified into the three dusters based on k-means
dustering of the prometer oriwties of p53 rorger genes. There are significansly more duster-| and duser-1l
mutations ameng the double murations (DM than among the single mutations [SM] (p= Ze - 10 using
the chi-squars test|

Table 2 Discordance table of class assignment e'l the r.'_
DM mutations (from 41 pairs)

Cluster | Cluster Il Cluster 1l
Cluster | [wt activity) 1 3 8
Cluster Il flow acitivity] 0 2 9
Cluster lll [no activity) 2 k! 15

Majoriy of the weak mutations [duster | and duster Il) are paired with sirong mutations {duster NI},

that has been recently shown to be an ovarian carcinoma cell line
originating from the same patient as OVCAR-8.

In EKVX, the deletion of codon 187 o 224 derecred on
RNA-based analysis corresponds exactly to the deletion of the entire
exon 6, a strong argument for a splicing defect. Genomic analysis
did nor reveal a splicing defect bur a tandem muration ar codons
203 and 204 in exon 6 (Table 3). If the two cell lines analysed were
really EKVX, this result suggests that a mutation at eicher codon 203
and/or 204 could affect p53 gene splicing. This observation is not
surprising, as it is now well known that exons conrain exonic splicing
enhancers (ESE) that regulate either alternative splicing or normal
splicing.?" These ESE are recognized by the SR proteins that regulate
the various splicing events. Murations in ESE have been identified
in numerous genes including APC or NF1.3'* Exonic muracions
thar can change p53 splicing have also been described.**4 Taken
together, the contradicrions noted in the p53 stats of the four cell
lines, HOP-62, OVCAR-8, NCI/ADR-RES and certainly EKVX are
only due to the different strategies used for their analysis and a lack of
homogeneiry in the nomenclature used to report p53 mutartions, The
problem of the lature of p53 mutations as well as other gene
defects is a recurrent problem in publications.** Despite numerous
recommendadons, the description of p53 mutations in the lirera-
wure is highly hererogeneous and can reach a high degree of fanrasy
with tables that are cither totally non-informative or with so many
typographical errors that they cannot be interpreted. In a recent
survey, the editors of 80 journals with frequent publications of p53
mutations were contacted in order to stress this problem and define
ceruin guidelines for the publication of p53 mutations (Soussi T,
Unpublished), Unfor ly, this survey was a complete failure with
less than 10% of replies and no change in the wends of reporting
accurate p53 mutations. In fact, the number of rypographical errors
or incomprehensible mutations has increased over the last five years

(Soussi T, unpublished observations).
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After eliminating typographical errors and possible splice mut-
tons, the p53 staws of 15 cell lines was different berween the
wo studies. Using the UMD p53 database and the litcerature, we
checked for other publications that have analysed the p53 status of
these cell lines. For two cell lines, CCRF-CEM and HL-60, suffi-
ciently concordans publications are available to define a consensus
concerning the p53 status (Table 3). For 13 cell lines, analysis of the
lirerature revealed a very heterogencous situation and no consensus
could be reached (Table 3. Inconclusive). Cell lines such as MOLT-4
ar NCI-H226 represent an extreme situation, as multple publica-
tions do not show any « u p53 For other cell lines
such as DU-145, which have been shown to display two different
p53 ions in rwo diffe alleles (p.V274F and p.P223L), the
ambiguity concerns the fact that several authors have derected only
one of the two mutarions, either p.V274F or p.P223L. It is therefore
possible thar during long-term cell culrure, one of the rwo mutant
p53 alleles is lost. as no sclection pressure is exerted on cell growth.

A similar situarion is observed for other cell lines that do not
belong to the NCI-60 panel, but with many discrepancics (Table 4
and Suppl. Table S1, see also p53 website). In many cell lines, the
p53 starus has been analysed in only one or two reports and the
information is subsequently reproduced in the litcrature. This is a
very dangerous situation as it could lead to erroncous phenotype-
genorype correlations in various types of studies. The pancrearic
carcinoma cell line CAPAN-2 is a good example of the problems
raised by erroneous phenotype. This cell line has been described as
either wr, murated (p.R273H) or p53 null (Table 4 and reference
within). A Pubmed literature search indicates that all three pheno-
types are used in various studies.

The “p53-null” stacus is used in different ways in the literature.
The two most common meanings are a cell line with a documented
p53 gene deletion (both alleles) or a cell line with a p53 mutarion.
We have also observed more “unusual” situarions in which this status
is only based on p53 expression (RNA or protein). Unfortunacely,
diffuses rapidly in the liverature without any
verification of the original publication, The p53 status of the rwo cell
lines SK-OV-3 {Ovarian cancer) and FRO (anaplastic thyroid carci-
noma cell line) are a good example of this ambiguiry. In the majoriry
of publications, the p53 starus of these two cell line is stared as "p53
null”. In fact, close examination of the original manuscript shows
that the p53 gene in SK-OV-3 is not deleted and did not sustain
any gross rearrangement but neither p53 RNA or protein are found.
In these publications, no p53 murations were found bur the recent
analysis performed ar the Sanger Institure detected a deletion of 2
single nucleoude ar position 267 (codon 90).7 It s cherefore possible
that nonsense-mediated mRNA decay (NMD) eliminates p53 aber-
rant mRNA. NMD has been observed in the human leukaemia cell
line K562 where p53 is also inactivated via a | base pair insertion
at nucleoride 136. For the FRO cell line, the original reference for
the analysis of the p53 gene starus is always correctly quoted, but a
closer look ar this original paper demonstrates 2 marked decrease of
p53 RNA in the cell bur no muration was detected by sequencing
exons 5 to 8. Either a mutation is situated outside this region leading
to a decrease of RNA expression (frameshift mutation associated with
Nonsense-Mediated mRNA Decay) or the altered p53 expression is
due o another mechanism. Because the whole p53 gene is present,
it is incorrect to define SK-OV-3 or FRO cell lines as “p53 null”, as
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Table 3 p53 status in the HCI-‘O panel cell lines

Call line ATCC Cancer Mutation in UMD' Mutation in COSMIC’ Commants
— B e LN S
CORT-CEM TCL-110 | Lewkem | R24BQ [0 PRITSH, pR2ABQ | C.OZAGA, CTA3G>A | PJRITEHI+ | Two mutations in separate
pIR2480] | alleles. Dervative CCRF-CEM-
R175H+ 0 VLE100 has a third mutation
HLB0Y CCL240 R248L [0 PM1_"394del c1_11820e11182 | p.M1_"394del
P53 Nul 0
w552 CCL-243 ND 1% pO136R"13 406 _40TiraC Q136613
136ins1 414
MoLT4" CRL-1562 wi 1638 pRIVEX <918C>T Inconclusive
[SEEL 3
R24BQ 3]
RPN 8228 [ B8 . p E2B5K CO53GAA P.EZBSK | This mutant is empersture-
E285K 4
SR CRL2282 wt . wi " wi
7 CCL185 | Non-Smal - 1645 " w w
Colf Lung
EXvx del187-224 6 PVI03_E204V- | cB08_610GG>TT | Inconclusive | Possibia spicng defect
Ses taxt for discussion
HOF 531 Ina212-225 18 B? cB6TIIAG Spicing defect | Ses lext for discussion
HOP-82 RATSL % PRITSL e 824G>T P.RITSL
NCIH276 CRI-5826 PataA 6 wi i Incancisie
R1S8L L]
WNCiHI CRL-5800 M2481 16,47 pM2481 cT38GC p.M2481
NCLHIZZM 2481 16,46 p R24BL CTAGHT pRIAEL
NCI-HaB0 HIE-177 Wt % wl il wi
CTHETTFH CRL 5810 1910010 16,4 PRGNS =572 _BT20eiC pPIBINSE
CoLD-208 cCoL2z2 Colon GZ66E 18 PYI0I_LITIL ©.308_335TA Inconclusive
1030827 4
HCC-2R90 R213x 1% PRI cB3TC>T pRZI
HET-118 CCL-24T7 wt 1% wi Wt wi
HCT-18 o225 Fi5aA ® PEIAIF,p7 ©722C>T,e1101- | Inconcusive | HCT-15 and DLDT are derived
—530TF 280C from the same individual. DLD1
" display a p.5241F mutation
HT.28 HTB-38 RaT3H 16 48 pRATAH CB18GA pR2TIH
i
Wiz HITOR % PRIz 51 2150810 Tnconchusie
sWaan coL2zt R2T3H ) PRIT3H, p P30S | GBIBGHA. COZ6C>T | PIRGTIH](+) | SWABO and BWE20 are derived
. p{P30SS] | from the same individual with a
R2T3H, 1] similar p53 shemion. The
P30SS P PI09S mutation is not always
BFans [ R27T3H 1852 PRZTAA CBIBGA PRI |
SFI85 R248Q % pR248C < TAIG>A p.R248Q
5F539 wt 6 pR3ZET c.1024deiC Inconchusive
EWBTS EZ250K 6 ~ pEISEK CTT2GA pEZSEK
Uzs1snNB19 RZT3H T3] p.RITIH CB0GPA PRITIH | GNB10 and UZ51 cell ines are
| derived from the same
individual and ane similar

in the case of H1299 or Saos-2 cell lines in which the p53 gene is
entirely deleted. These cell lines are commonly used as recipients to
reintroduce either wild-rype of murant p53. Whether the presence
of an endogenous p53 gene which is stll anscriptionally acrive
in the SK-OV-3 or FRO cell could interfere with this reconsuru-
tion experiment is not known, but should be carcfully considered
before conducting this type of experiment. The recent finding of
p53 isoforms that could be expressed by alternatve splicing may
also increase the complexity of this problem, as the various deltal 33
isoforms could be theorerically expressed in this cell line.

Another reason why “p53-null” should be used cautiously to describe
cell lines that express murant p53 is the observation thar p33 murations

Cancer Biology & Therapy

are fairly heterogencous in rerms of loss of function and several cell
lines display a normal or partial p53 response. Finally, there is now
ample evidence that some mutant p53 behave as dominant oncogenes
with a gain of funcrion activity. We therefore believe that the "p53 null”
starus should be used only for cell lines rthat are rotally devoid of p53
gene. Any other situation should be referred to as “mutant p53°7.

The UMD_p53 darabase (2007_R1 relcase) includes p53 muta-
tions in 1,211 cell lines: 827 of these mutations have only been
described once, preventing any verification. A discrepancy was
detected in 88 of the remaining 384 cell lines (23%), in line with
the study by Macleod et al., who showed that 18% of cell lines in
the DSMZ-German Collecrion of Microorganisms and cell Cultures
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Table 3 p53 status in the NCI-60 panel cell lines (conﬂnul_d]_

DIV Meianoma wt % wt wl i
Mame 3N HTB-E4 Wl "% Wl L Wit
(3L GI0BE [ p GZBGE CTETGAA b GIBOE
SKMELT HTEE8 G2455 1 0.GZASS < 733G7A .G2455
TR WELIE HiB12 Clasv T3 PLIASR CAI_43BTGGT PLIASR
L145R 54
SK.ME) & HTB-T0 Wi % wi Wl -t
UACT-287 wi "% wi wt -l
UACCET wi 1% wt wl wi
WA B A6 6 55 P .GIBBE CT9TGAA PGIBBE | This cell line was onginally
" reporied as & breas! carcinoma
call line but recent SNP analysis
indicates that it is similar 1o the
M14 melanoma cell ine
WOAN GI6BE % ] ND PGZBSE | This cell line Is & dertvative of
MDA-MB-435 ransfected with a
—— S — plasmid exprossing o882
IGROV1 Ovarian " 6 5% p.Y128C e 3TTA>G Inconclusive
1 e
TVCAR- HTB-161 R2480 . 87 P R2ABE CTAIGA p R2480
i
OVCAR-4 wi . pL13OV c JBBC>G Inconclusive
OVCAR-E naZ24 G wt [ Inconchusive
i
243’ [
CVCARS dei 126-132 1w p.7 CITH-1G>A Sphcing defect | Same as NCUADR-RES
WCUADH - REE el 126-132 0] pe CITB-1GA Spicing defect | Originally laballed as MCF -
TiAdr but was later found 1o be
different fram MCF-7. SNP
N - analysis indicales that 1t is
similar to OVCAR&
SK-OV-3" 77 CH . 5.500/'33 c267ae1C Incanchisive
TR0 CRL-1832 | Fenal F278A % BPITEA p.7 €B32C>0, ¢ 560~ Inconciusive
Al 202G
AADR HTB-44 wl 1% Wl wl wi
ACHN CAL-1811 w [0 wl [ wt
TAR HiEa8 i w i w wi
FXFI93 RITSH 16 pRITEH CB2AGAA pRITSH
SN1IC E3ax % p.E336X ¢ 1006G>T pE336X
TRiD 2840 % BLIBAR 101176 pLIBAR
[ w % w wi wi
DU-145 HTB-81 Prostsie PZZIL 1% pVZT4F ©820G>T inconclusive | Sae text for mom information
PZIIL. L1
V2T4F
PC3 CRL-1435 138del "% [TE 1] 4140010 p K130k 21
138del1 ®
R2ZBIW 13
BT-540 WiB-122 | Bmast ] 1 P R2AGS CTATGC pR24ES
R2455 63
W 5737 HTB-128 DISTE" % p.VISTF c489G>T pVISTF
VISTF 44
WCF7 WTB22 wi % wi wi
MDA MB-231 HiB26 R280K it & . RIBOK cB30G>A P R2BOK
Ti70 5] Li0aF 651 PLIDAF CEE0CHT PLIBAF

"Mutations cs reported in the 2007_R1 of the UMD p53 mutation dotabese. The description of the mutations have besn leh o5 originally published by the outhors; Mutations described by Ikediobi of ol.?; *A mutation
tonsensus wos defined for cell lines using the following rules: (1) of least two independent studies reporting sequencing and identitying the without any dictory reports; (ii) of least thrae independent
studies reporting sequandng and identifying the same mutation ond one fourth contradicory report, All ather possibilines ware not considered 1o be consensual and have been aszigned os uncertain. The nomandature
for TPS3 mutotion uses sither the cONA (RefSeqNM m:}uh;ﬂllﬁqlfmlmﬁmium +1 i A of the ATG initietion codon in the torrea RefSeq (NM_000546.2). Mutations are
described wunyg the | dutore®! and hrp /farew hgm “Mutgrion found indepandently by mubiphe suthaors Only the irg publication is shawn. *HL S0(TB] wes used for the anslysis, but
it is reported to have o p53 deletion similer to HLSD, %mdlﬂ.uubﬂ,m:uluimThmuuluﬂﬂuuﬁhhbhhh*mihlhdﬂml“im
srsened in several publicafions; "Typographical error in the publication; % is not dear whether these outhors dhecked the pS3 status of the cellline o report the mutation desaribed by 0' Connor et ., *This cell line
has been reported to be null for p53 RNA or prorein. Whether this is due to o smoll DNA rearrongement o RNA-medioted decoy assodioted with o frameshilh mutotion is unknown.

were cross-contaminated.® The p53 starus in various cell lines is 4 mutation hot spors (Ha-ras) or a lower frequency of mutarions are not
paradigm for CLCC. (i) p53 mutation is sufficiently diverse to allow  as useful. (i) Due to its importance in cell phenotype, p53 status has
comparison of various cell lines. Statuses of other genes with fewer  been analysed in more than 1,200 cell lines. Although p53 murarion
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Table 4 Cell lines with controversial p53 mutations

P53 Mutation UMD _

Cell line ATCC Cancer
S AA Change Reference”
HT-1187 CRL-1473 Bladder carcinoma p.His365Arg v
wi
EJ Bladder carcinoma p.Tyr126X i
p.Lys164Giu o
wi B
RT-112 Bladder carcinoma p.Ser1B3X, p.Arg248Gin g
pArg248Gin i
sD Bladder carcinoma p.Argi10Leu g3
p.Ser116Cys ::
T-24 HTB-4 Bladder carcinoma p.Tyr126X
p.Tyr126deiTAC o
VM-CUB-1 Bladder carcinoma p.Tyr126X, p.Arg175His -
p.Arg175His i
VM-CUB-2 Bladder carcinoma___| p.Arg158Leu, p.Tyr163Cys Ll
_pArgiS8Leu =
MDA-MB436 | HTB.130 Breast carcinoma p.Glu204delinsAsplsXB | s
p.Arg273His T
DAUDI ceL-213 |  Burkitt lymphoma pArg213X ¢
p.Gly266GIu ¥
A1T2 CRL-1620 Glioblastoma p.Cys242Phe :
wi
U-118-MG HTB-15 Glioblastoma p.Arg213Gin ’:
wi
SK-LMS-1 Leiomyosarcoma | pMet237Lys. p.Gly245Ser "
p.Gly245Ser S
SK-UT-1 HTB-114 Mw_ﬂ_‘
p-Arg175His
p.Serd6fsX76, "
NCI-H1048 CRL-5853 Lung (SCLC) i
pAG273Cys b
MeWo HTB-B5 Melanoma p.Glu258Lys, p.GIn317X :
= 2iiai il — B0
p.Glu258Lys
PA-1 CRL-1572 Ovarian carcinoma -
p.Pro316Pro i
wt 4
SWE26 HTB-78 Ovarian carcinoma p.Gly262Val 2
p.Arg273His =
Capan-2 HTB-80 Pancreatic cancer p.Arg273His -
wl

'mmmummMmmmmmuu,umm,wmmmmmﬁﬁiﬁu

analysis cannot replace DNA fingerprintng, our finding is a stwrong
argument to suggest that CLCC should not be ignored. We are also
very concerned by the observation that the p53 status based on a cell
line (either correct or false) can be reproduced from a single publica-
tion in the literature withour any subsequent confirmanon. Finally,
we have also noticed a marked heterogeneity in the labelling of cell
lines, a problem that can also lead ro confusion between mislabelled
cell lines with similar names.* CLCC includes several simartions: (i)
cross-contamination between two cell lines (the best example being
Hela cells); (i) cell lines with an incorrect origin (such as the KB
cell line often wrongly described as an oral cancer when it is acrually
a cervical cancer); and (iii) cell lines that have been contaminated
during manipulation. We believe that the problem identified in the
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present analysis is predominanty related to confusion or incorrect
labelling of cell lines. Although, the material and methods secrions
of published articles usually state that cell lines were derived from
cell banks such as ATCC or DMSZ, it is well known that many cell
lines have been exchanged berween research groups, a situation that
increases the probability of CLCC. These problems have already been
extensively discussed over the past year, but seem to be ignored by the
scientific community. We strongly encourage all scientists to comply
with the various recently published guidelines for correct handling of
cell lines. 3738

The p53 status in cell lines is now available ar the p53 web site
(hetp://p53.free.fr/Database/Cancer_cell_lines/p53_cell_lines.huml).
A specific section is devoted to cell lines with a controversial p53
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status, We invite all scientists to update these tables with their own
findings so that a consensus concerning the p53 status of cach cell
line can be reached. Finally, we strongly encourage those involved in
studies dealing wich p53 (or other p53 family members) ro regularly
check the p53 status of their cell lines.

Material and Methods

Analysis of the biological activity of mutant p53 proteins. Dara
analysis, The p53 database used for this study conuins 21,717
mutations derived from 1,992 publications (UMD p53 darabase
(hpp://p53.free.fr), 2007_R1 release released in January 2007).*
This release contains functional dawa for the majority of missense
p53 murants. Mutant p33 activity has been described previously. 2%
Briefly, 2,314 haploid yeast transformants conmining p53 muta-
tions and a GFP-reporter plasmid have been constructed. Mutane
p53 activity was tested by ing the fl cent i ity of
GFP thar is conwrolled by the p21WAF1 promoter sequence of the
plasmid after 3 days of growth ar 37°C. For funcuonal analysis,
frameshift and nonsense mutations were also excluded, as their
biological significance has not been clearly established (see text for
more information). The mean and 95% Confidence Interval (CI)
of the biological activity of all mutants was calculated by using the
transactivational activity measured on the p21WAF1 promoter.
Similar results were obtained with the activity measured on 7 other
promoters of transcription (data not shown).

Sratistical analysis, To identify the distincr levels of p53 residual
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TNF-a-inducing protein, a carcinogenic factor secreted from H. pylori, enters

gastric cancer cells
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TNF-2 inducing protein (Tipx) is secreted from Helicobacter pylori
(H. pylori): it is a potent inducer of TNF-2 and chemokine genes,
mediated through NF-xB activation, and it also induces tumor-
promoting ty in Bhas 42 cells, To investigate the car
mechanisms of H. pvlori with Tipa, we first examined how Tipa
acts on gastric epithelial cells. We found that fluorescent-Tipx spe-
cifically bound to, and then entered, the cells in a dose- and tem-
perature-dependent manner, whereas deletion mutant of Tipa
(del-Tipa), an inactive form, neither bound to nor entered the
cells, suggesting the nce of a specific Mm"n&mmh molecule. Muta-
genesis analysis w revealed that a dimer n of Tipx
with a disulfide is required for both specific binding and
induction of TNF-a gene expression. A confocal laser scanning
microscope revealed some Tipa in the nuclei, but del-Tipa was not
present, which indicated that an active form of Tipa can te
the nucleus and may be involved in the induction of TNF-x gene
expression. Examination of Tipa production and secretion in 28
clinical isolates revealed that H. m obtained from gastric can-
cer patients secreted Tipa in sign tly higher amounts than did
H. pylori from patients with chronic tis, suggesting that Tipa
is an essential factor in . pylori in fon and cancer micro-
environment in the human stomach. Tipa is thus a new carcino-
genic factor of H. pylori that can enter the nucleus through a spe-
cific binding molecule, and its mechanism of action is completely
different from that of CagA.

© 2008 Wiley-Liss, Inc.

Key words: Tipa; gastric cancer; tumor promoter; NF-xB; TNF-a

Helicobacter pylori has been identified as a causative agent of
chronic inflammation, chronic gastritis and peptic ulcer, and is
also classified by IARC as a definitive carcinogen for gastric can-
cer.! It is well accepted that persistent H. pylori infection results
in an inflammatory response in the stomach by high induction of
proinflammatory cytokines, such as tumor necrosis factor-a (TNF-
a), interleukin-1 (IL-1) and IL-8.° Based on our previously
reported evidence that TNF-a is one of the essential cytokines for
tumor promotion and an instigator of a cytokine network sequence
of tumor promotion from TNF-a through IL-1 to IL-6 and back to
TNF-a, we think a gene product of H. pylori which induces TNF-
o plays a significant role in gastric cancer development in
humans®*: We thus cloned TNF-a inducing protein (Tipa) gene
(HP0596) from genome sequence of H. pylori strain 26695,
Recombinant Tipa protein strongly induces expression of TNF-a
and various chemokine genes, activates NF-xB in mouse gastric
epithelial cells MGT-40 and showed in vitro transforming activity
of v-H-ras transfected BALB/3T3 (Bhas 42) cells, a standard
model of initiated cells.*” Tipa gene is unique for H. pylori ge-
nome, which does not have any obvious homologue in other spe-
cies: only in H. pylori strain was a homologue of Tipa found as
H. pylori-membrane protein 1 (HP-MPI) gene from strain
SR7791 1;941.396 homology) and jph0543 from strain J99
(95.5%).%'%"* Thus, the Tipa gene family codes new carcino-
genic factors of H. pylori.

Tipa protein with a molecular weight of 19 kDa is secreted
from H. pylori as a homodimer form with 38 kDa. The homodimer
form of Tipa is active in the induction of TNF-a gene expression,
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NF-xB activation in gastric epithelical cells and transforming ac-
tivity in Bhas 42 cells.® Tipa has several unique features: (i) no
similarity to other virulence factors of H. pylori, such as vacuolat-
ing cytotoxin, immunodominant cylotoxin-associated antigen
(CagA) or urease, (ii) secretion from H. pylori in a manner inde-
pendent of Type IV secretion system, (i) induction of NF-xB
activation in a cag pathogenicity island (cagPAl)-independent
manner, (iv) the presence of transforming activity by treatment
with a recombinant protein in vitro. Furthermore, we recently
found that Tipa has DNA binding activity using surface plasmon
resonance assay (Biacore).'* All the results were based on the evi-
dence that a recombinant deletion mutant of Tipa (rdel-Tipa),
which lacks 6 amino acids including 2 cysteine residues in N-ter-
minal position, was inactive, Therefore, we think that identifying
the molecular mechanisms of Tipa will provide a key to under-
standing the carcinogenic mechanisms of H. pylori infection.

Using fluorescence-labeled rTipa by flow cytometry and immu-
nocytochemical analysis, we first examined how exogenously
added recombinant Tipa (rTipa) induces expression of TNF-a
and chemokine genes on gastric epithelial cells. Here we report
that rTipa bound to cell surface molecules specifically, and then
penetrated the cytosol; some rTipe was found localized in the
nuclei of gastric cancer cells MGT-40, but rdel-Tipa, an inactive
mutant, showed less binding activity and negligible penetration
into cytosol and nucleus.

To further investigate the significance of Tipa in gastric cancer
development, we next examined Tipa production and secretion in
28 clinical isolates of H. pylori from patients with chronic gastritis
and gastric cancer in Saitama Cancer Center, Japan. Although all
isolates were positive for Tipa production, we found that H. pylori
isolates obtained from gastric cancer patients secreted significantly
larger amounts of Tipa into culture broth ¢ with those
from chronic gastritis patients. Therefore, we think that Tipa
secreted from H. pylori plays an essential role in inflammation and
cancer development in humans.

Material and methods

Preparation of recombinant Tipx and mutant proteins
Recombinant His-tagged proteins of Tipa (rTipa), del-Tipax

(rdel-Tipx), cysteine substituted with alanine mutants—Cys5Ala

(C5A), CysTAla (C7A), Cys5Ala/Cys7Ala (C5ACTA)—were

expressed in E. coli transfected pET28(a)+ containing each corre-

sponding gene induced with IPTG, and by Ni**-loaded Hitrap

Grant sponsors: Japan Society for the Promotion of Science; Smoking
Research Fund.
*Correspond to: R h Insti of Clinical Oncology, Saitama

ancer Center, Ina, Kitasdachi-gun. Saitama 362-0806, Japan. Fax: +81-
48-722-1739. E-mail: rrusumi@l:um-c.rml_saimmjp

Received 19 December 2007; after revision 18 January 2008

DOI 10.1002/ijc.23484

Published online 15 April 2008 in Wiley InterScience (www.interscience.
wiley.com).

-333-




SUGANUMA ET AL.

chelating column (Amersham Bioscience, Buckinghamshire,
UK).” For generation of cysteine substituted with alanine mutants
of Tipa, sense primers were as follows: C5A, 5'-CAGCCA-
TATGCTGCAGGCTGCCACTTGCCCAAAC-3'; CTA, 5'-CAG-
CCATATGCTGCAGGCTTGCACTGCCCCAAACAC-3; C5A/
C7A, 5-CAGCCATATGCTGCAGGCTGCCACTGCCCCAAA-
CAC-3, and anti-sense primer was 5-TCTCGGATCCTACAT
GGCTATAGGGACTTT-3'. Purities of the 5 recombinant pro-
teins were more than 98% on SDS-PAGE.

Cell culture and reagents

Mouse gastric cancer cell line MGT40 was kindly provided by
Dr. Masae Tatematsu, Aichi Cancer Center Research Institute,
Aichi, Japan. MGT-40 cells were maintained in DMEM with 10%
fetal bovine serum (JRH Biosciences, KS) and MITO+ serum ex-
tender (Becton Dickinson Labware, MA), as described previ-
ously."® Anti-Tipa antibody was obtained by immunization nfrab-
bit with 19-mer synthetic peptide, also as described previously.®
Anti-HSP90, anti-EGF receptor and anti-lamin B antibodies were
purchased from Santa Cruz (CA).

H. pylori strains and culture conditions

Twenty-eight H. pylori clinical isolates were obtained from
patients with chronic gastritis (11 patients) and gastric cancer (17
patients), using M-BHM H. pylori selection agar plates (Nissui
Pharmaceutical Co., Tokyo, Japan) at Saitama Cancer Center
between 2001 and 2006. H. pylori strain 26695 were kindly pro-
vided by Dr. Chihiro Sasakawa (The Institute of Medical Science
University of Tokyo, Tokyo Japan), and ATCC43504 was pur-
chased from American Type Culture Collection (VA). Al
H. pylori isolates were cultured in Brucella broth (Becton Dickin-
son Microbiology Systems, MD) containing 10% horse serum
(Nippon Bio-Test Lab, Tokyo, Japan) at 37°C, wuh shaking in
microaerobic conditions, as described previously.®'

Western blotting

After 3 days culture of H. pylori strains, culture broths with vol-
umes (7.5-15 pl) equal to 1.0 ODsyp of bacteria amount were sep-
arated on 12% SDS-polyacrylamide gel in the presence of dithio-
threitol (DTT), and blotted onto nitrocellulose membranes. Tipo
protein was visualized by the ECL detection system (Amersham
Bioscience) using anti-Tipa antibody.® Amounts of Tipa were
measured by density of a band of 19 kDa (Tipa) by NIH Image,
and expressed as a relative unit based on Tipa amount in culture
broth of 26695 strain. The results were expressed as the average of
2 separate experiments,

Expression of TNF-x gene

MGT-40 cells were treated with recombinant proteins for 1 hr,
and total RNA was isolated with ISOGEN reagent (Nippon Gene,
Tokyo, Japan). Expression of TNF-a gene was determmed by
semiquantitative RT-PCR, as described previously.®

Flow cytometry

Tipa was labeled with FITC using EZ- label™ FITC protein
!abclmg kit (Pierce Biotechnology, IL) according to the manufac-
turer’s instructions. MGT-40 cells (1 % 10° cells/ml) in PBS were
incubated with various concentrations of FITC-rTipa at 4°C for
2 hr. Cells were then washed with PBS and analyzed by flow
cytometry (EpicsXL, Beckman Coulter, Tokyo, Japan). FITC-la-
beled BSA was used as negative control. Equal absorbance of
FITC-Tipa or FITC-BSA at 495 nm (1 mol FITC/ mol protein)
was used in the experiments. Binding of FITC-rTipa to, MGT-40
cells was measured as mean fluorescence intensity (FI),"” Bmdmg
of FITC-rTipa (2.5 puM) to MGT-40 cells was also analyzed in the
presence of nonlabeled rTipa, rdel-Tipa, C5A, C7A or C5ACTA
mutant at various concentrations.

Cytochemical analysis

rTipa, rdel-Tipa and BSA were labeled with Alexa Fluor 488
protein labeling kit (Invitrogen, Tokyo, Japan) according to the
manufacturer’s instructions. MGT-40 cells were incubated with
Alexa Fluor 488-labeled rTipa (AF488-Tipa), rdel-Tipa (AF488-
del-Tipa) or BSA (AF488-BSA) at a concentration of 5.0 uM,
with equal absorbance at 495 nm for 1 hr. After fixation with 4%
pmforrnaldehyde containing 0.2% Triton X-100, the cells were
observed using fluorescence microscope (Leica Microbiosystems,
Tokyo, Japan).

Immunocytochemical analysis

MGT-40 cells were incubated with rTipa (100 pg/ml) for 1 hr
at 37°C, and then washed with PBS. The cells were fixed with 4%
paraformaldehyde containing 0.2% Triton X-100. After blocking
with Block Ace (Dainippon Pharm., Osaka, Japan), the cells were
weated with anti-Tipe antibody, and stained with Alexa Fluor
488-conjugated anti-rabbit IgG (Invitrogen, Tokyo, Japan). Then
the cells were stained with propidium iodide and analyzed using
confocal laser scanning microscope LSM 5 PASCAL (Carl Zeiss,
Germany).

Subcellular fraction analysis

MGT-40 cells were incubated with rTipa or rdel-Tipe (5 pM)
for 1 hr at 37°C and washed with PBS, and the cells were fractio-
nated into cytosol, membrane and nuclei using Qproteome cell
compartment kit (Qiagen, Diiesseldorf, Germ.any) according to the
manufacturer's instructions.'® Seven micrograms of each fraction
was subjected to Western blotting, and analyzed to detect rTipa
and rdel-Tipa proteins by anti-Tipa antibody, and heat shock pro-
tein 90 (HSP90; a marker for cytosol), epidermal growth factor re-
ceptor (EGFR; for membrane) and lamin B (for nucleus) as the
controls for cell fractionation by corresponding antibodies.

Staristical analysis

The differences in secreted amounts of Tipa from H. pylori
obtained from patients with gastritis and gastric cancer were ana-
lyzed by Mann—Whitney analysis, with exact p value using SPSS
V14.0 (SPSS, Chicago, IL).

Results
Specific binding of FITC-labeled Tipx protein to MGT-40 cells
We first examined specific binding of FITC-labeled rTipa to
MGT-40 cells using flow cytometry: Incubation of MGT-40 cells
with FITC-rTipa protein at 4°C for 2 hr significantly increased
cellular fluorescence dose-dependently (Fig. 1a). Quantitative
analysis of “mean cellular F1") indicated that binding of FITC-
rTipa to MGT-40 cells was significant and saturated at concentra-
tions of 5.0-7.5 uM. However, Fl in the case of FITC-BSA was
significantly low and not saturated up to 7.5 pM (Fig. 1a). Further-
more, the binding of FITC-Tipa to MGT-40 cells was dose-
dependently inhibited with nonlabeled rTipa, as shown in Figure
1b. However, rdel-Tipa, an inactive protein lacking 6 amino acids,
including 2 cysteine residues, showed less inhibitory activity.
Concentration of 50% inhibition (ICs) values are 1.9 uM for
Tipa and 20.0 pM for rdel-Tipa. The inhibition of specific bind-
ing with nonlabeled rTipa was about 10 times stronger than with
rdel-Tipe. These results correlated closely with induction of TNF-
« gene, as well as biological activities such as induction of NF-xB
activation and chemokine gene expressions in MGT-40 cells, and
in vitro transformation of Bhas 42 cells, as reported previously.®
To clarify the significance of cysteine residues more precisely,
we made 3 mutants: One cysteine substituted with an alanine at 5
or 7 position (C5A or CTA mutant), and two cysteines substituted
with 2 alanines at 5 and 7 positions at the same time (C5A/CTA
double mutant) (Fig. 2a). Each recombinant protein was analyzed
by SDS-PAGE in the absence of DTT. C5A and C7A proteins
formed a dimer similar to Tipa, since 1 cysteine residue still
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Figume 1 - Binding of FITC-rTipa to MGT-40 cells analyzed by
flow cytometry. (@) MGT-40 cells were incubated with various con-
centrations of FITC-rTipa for 2 hr at 4°C. Fluorescence intensity (FT)
was detected by Flow cytometer, as described in Material and Meth-
ods, FITC-BSA was used as a control. (b) MGT-40 cells were incu-
bated with FITC-rTipa (2.5 uM) in the presence of nonlabeled rTipa
(@), C5A (A), C'.-'A (A), C5A/CTA (X) double mutant or rdel-Tipa
(O). Fluorescence intensity in the absence of nonlabeled in is
expressed as 100%. The results are the average of 2 i ndent
experiments. Bars show SD.

remained, and C5A/CTA double mutant protein showed only a
monomer band with a molecular weight of 21 kDa, with 2 cys-
teines entirely replaced (Fig. 2b). C5A and CTA mutant proteins
dose-dependently inhibited the binding of FITCrTipa to MGT-40
cells similar to rTipa, and C5A/CTA double-mutant protein
showed weak inhibitor activity (Fig. 1b). ICs, values were 2.4 uM
for C5A, 2.9 pM for CTA and 21.0 pM for CSA/CTA. Their bind-
ing activities to MGT-40 cells were identical: treatment with C5A
and CTA proteins strongly induced TNF-a gene expression, but
C5A/CTA protein did not. These results indicated that homodimer
formation with a disulfide bond through a cysteine residue is
essential for Tipae binding o MGT-40 cells as well as TNF-a
induction and carcinogenic activities (Fig. 2c).

The results suggest the presence of a specific binding molecule
which can recognize the homodimer form of Tipa on the cell sur-
face of MGT-40 cells. Specific binding of FITC-rTipa was also
confirmed in human gastric cancer cell lines (MKN-1, MKN-45
and MKN-74) by flow cytometry (data not shown), and determina-
tion of the specific binding molecule(s) is now under investigation,
When incubation of the cells with FITC-rTipa was conducted at
37°C, binding of Tipa was lower than that incubated at 4°C, and
not saturated, although bindings of FITC-BSA were the same in
both cases. The results led us to believe that rTipa intemalizes
into MGT-40 cells in a temperature-dependent manner.

Incorporation of Tipx into MGT-40 cells

As the fluorescence of FITC is quite unstable for fluorescence
microscope analysis, rTipa was labeled with a photostable dye,
Alexa Fluor 488, After incubation of MGT-40 cells with Alexa
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Figure 2 - Significance of a cysteine resldue t'ur hunmdnwr for-
mation and TNF-o gene induction. (a) Sch i of
Tiper, cysteine-substituted-mutants and rdel-Tipa. (b) SDS-PADE
analysis of recomk ins in the ab of DTT. rTipe, C5A
and CTA formed lwmod:mrs but CSA/CTA double mutant and rdel-
Tipe did not. (¢} Induction of TNF-a gene expression in MGT-40
cells, Expression of TNF-a gene was examined by semiquantitative
RT-PCR, as described in Material and Methods.

Fluor 488-conjugated Tipa (AF488-Tipa) at 37°C, significant flu-
orescence was observed in the cells after 10-min incubation, it
increased time-dependently until 30 min, and was sustained until
2 hr. Figure 3a shows strong fluorescent spots in MGT-40 cells af-
ter 1-hr incubation with AF488-rTipa at 37°C. However, the cells
incubated with AF488-rdel-Tipa showed only slight fluorescence
similar to those incubated with AF488-BSA, although the same
“fluorescence intensities” of AF488-labeled proteins were used in
these experiments. Fluorescence in the cells incubated with
AF488-Tipa increased in dose-dependent and time-dependent
manners. All the results show that rTipe significantly incorporated
into the cells, while the inactive mutant protein rdel-Tipa did not.

To confirm incorporation of rTipa protein into the cells, we
next conducted immunocytochemical analysis with anti-Tipa anti-
body, and observed the results under a confocal laser scanning
microscope. Anti-Tipa antibody clearly recognized Tipa protein
in the cytosol of the cells after treatment with Tipa for | hr (Fig.
3b), but nonimmunized rabbit IgG did not show any significant
fluorescence in rTipa-treated cells. Nontreated cells were nega-
tively stained. All results indicate that Tipa enters the gastric epi-
thelial cells, resulting in expression of TNF-a and chemokine
genes.

Localization of rTipx in nucleus

Confocal laser scanning microscope analysis revealed that some
fluorescent spots that had reacted with fluorescent anti-Tipa anti-
body were located in the nuclei of MGT-40 cells treated with
Tipa, revealing the intenalization of Tipa into nuclei (Fig. 4a).
To confirm localization of rTipa in nuclei, we next conducted cell
fractionation into cytosol, membrane and nuclei, after treatment
with rTipa for 1 hr at 37°C. As shown in Figure 4b, rTipa was
present in each cell fraction compared with marker proteins of
each separated fraction: HSP90 for cytosol, EGFR for membrane
and lamin B for nucleus. Based on the density of proicin bands,
we calculated that about 10% of Tipa had localized in the nuclei
of the cells. However, while small amounts of rdel-Tipe, an inac-
tive mutant, were detected in cytosol and membrane fractions—
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FiGure 3 — Incorporation of Alexa Fluoro 488 (AF488)-labeled-
Tipa into MGT-40 cells. (@) After incubation with AF488-rTipa,
AF488-rdel-Tipa or AF488-BSA at a concentration of 5.0 uM for 1 hr
at 37°C, MGT40 cells were washed with PBS and then observed
using fluorescence micoroscope. (b) Existence of rTipa in the cytosol
was confirmed with confocal laser scanning microscope after immu-
nocytochemical staining. MGT-40 cells were incubated with Tipx
(5.0 pM) for 1 hr at 37°C, then subjected to anti-Tipa antibody or
nonimmunized rabbit IgG (for a negative control) followed by
AF488-labeled anti-rabbit 1gG, as described in Material and Methods.
As control, nontreated cells were subjected to anti-Tipa antibody.
Nuclei were stained with propidium iodide (PT),

about 13.5-17.5% of rTipa—none in the nuclei fraction was
found. These results strongly supported the results by confocal
laser scanning microscope. Recently, we found that Tipa directly
bound to DNA, but del-Tipa did not.'* We therefore think that
Tipe in the nuclei plays an essential role in the induction of TNF-
a and chemokine genes and carcinogenic activity. This is the first
report that a protein secreted from H. pylori enters the nuclei, and
these results will provide a decp insight in understanding the
mechanisms of gastric cancer development by H. pylori infection.

Large amounts of Tipa protein secreted from H. pylori from
gastric cancer patients

To further understand the significance of Tipa in human gastric
cancer development, we examined differences of production and
secretion of Tipa among various H. pylori clinical isolates from
biopsy samples of gastric mucosa obtained from patients with
chronic gastritis and gastric cancer. Twenty-cight H. pylori iso-
lates, from 17 gastric cancer patients and 11 chronic gastritis
patients, were cultured in Brucella, broth containing 10% horse se-
rum at 37°C in microaerobic condition for 3 days after inoculation
of 5 x 10° CFU. All isolates produced CagA, which coincided
with previous results in which H. pylori isolated from Japanese
patients were more than 98%-positive cagPAL" All H. pylori iso-
lates produced Tipa protein, and Tipa in bacterial extracts was
consistently present (data not shown). In contrast, the amounts of
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Ficure 4 — Nuclear localization of rTipa. (@) Some yellow fluores-
cent spots were observed in the nuclei using confocal laser scanning
microscope. (b) After cellular fractionation of rTipa or rdel-Tipa-
treated cells into the cytosol, membrane and nuclei, and each fraction
was analyzed by Western blotting with anti-Tipa antibody. Each frac-
tion was confirmed by detection of specific marker proteins—HSP90
for cytosol, EGFR for membrane and lamin B for nuclei—by anti-
HSP90, anti-EGFR and anti-lamin B antibodies, respectively. The gel
stained with quick CBB is also indicated.

Tipa in culture broth varied, and clinical isolates obtained from
gastric cancer patients secreted Tipa protein significantly more
than did those from gastritis patients (Figs. 5a and 5b).

H. pylori 26695 strain, from which genome Tipa gene was
cloned, secreted about 1.0 ng of Tipa/10” CFU/ml, and thus was
expressed as | relative unit. Clinical isolates from cancer patients
secreted Tipa protein at 1.4-13.4 relative units, and those from
gastritis patients secreted at 0.8-6.7 relative units (Fig. 5b). Inter-
estingly, H. pylori isolated from 3 of 11 gastritis patients who
developed gastric cancer also secreted larger amounts of Tipa,
similar to those from cancer patients. Their median values are 2.0
for H. pylori from 8 patients with gastritis, 3.8 from 3 patients
who later developed cancer and 4.5 from 17 patients with gastric
cancer. The difference of secreted amounts of Tipa between 17
gastric cancer patients and 8 chronic gastritis patients (excluding
those that developed cancer) is statistically significant (p =
0.004), although the difference was not so great. These results
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Figune § - Large amounts of Tipa were secreted from H. pylori clinical isolates obtained from gastric cancer patients. (a) Eleven clinical iso-
lates from chronic gastritis patients, including 3 patients, who later developed gastric cancer, and 17 isolates from cancer patients were cultured
for 3 days in microaerobic conditions, after inoculation of 0.5 McFalrand in 8-ml Brucella broth with 10% horse serum. Aliquots of culture broth
equivalent to 1.0 ODsgq were analyzed by Western blotting with anti-Tipa antibody, as described in Material and Methods. (b) Relative units of
Tipa in culture broth were measured for intensity of bands by NIH image, with Tipx in culture broth of 26695 strain used as a control, and
expressed as | relative unit. Each dot corresponds to Tipa in culture broth from each clinical isolate (O from chronic gastritis patients, gray
circle from patients later developed gastric cancer, ® from gastric cancer patients). Bars indicate the median value of each group. Difference

Relative units of Tipa

between gastritis patients (excluding those that developed cancer) and gasiric cancer patients was statistically significant (p = 0.004).

indicate that secreted Tipa plays a significant role in gastric can-
cer micorenvironment during H. pylori infection in humans.

Discussion

This manuscript demonstrated that Tipa protein is a new pro-
tein secreted from H. pylori: It can enter the gastric epithelial
cells, where it then localizes in the nuclei of the cells. As for the
specific function of Tipa protein in the nucleus, we recently
reported that Tipa protein has direct DNA binding activity as
determined by surface plasmon resonance (Biacore) assay, and
that a homodimer of Tipa bound to DNA oligomer more strongly
than did & monomer of del-Tipa.'* Homodimer formation of Tipa
is thus necessary for penetration into nucleus and also for the
DNA binding activity. Interestingly, a dimer of Tipa dose-depend-
ently bound to 9 bases of DNA oligomers in TNF-a promoter
sequence, Pretreatment with N-acetylcysteine significantly inhib-
ited penetration of Tipa into MGT-40 cells and induction of TNF-
« gene expression (unpublished results). Therefore, we think that
Tipa protein in nucleus regulates expression of TNF-« and IL-6
genes as well as chemokine genes, and thus plays a crucial role in
carcinogenic activity.

How Tipa protein secreted from H. pylori enters the gastric epi-
thelial cells remains to be clarified. We think that receptor-medi-
ated endocytosis is involved, based on results showing that homo-
dimers of Tipa, C5A and CTA proteins specifically bound to the
MGT-40 cells more strongly than monomers of del-Tipa and
C35A/CTA proteins did. Recently it was reported that decay-accel-
erating factor (DAF), a glycoprotein, might act as a receptor for
H. pyiori: a mediator of gastric inflammation and genetic defi-
ciency of DAF auenuated the development of inflammation
among H. pylori-infected mice.*

After Tipa binds to the protein, Tipe trafficking may occur by
caveolae or by lipid raft. [t has been shown that some proteins—
termed translocatory proteins—such as human immunodeficiency
virus Tat, can enter the cell by endocytosis into endocytic vesicles
and translocate into the nuclei, but the mechanisms are not yet
clear.'®*! We believe that determining the mechanisms of Tipa
trafficking will provide new insight into carcinogenic mechanisms
with H. pylori infection and various virulence factors.

Ouwr findings showing that H. pylori obtained from gastric can-
cer patients secreted Tipa protein significantly more than those
from chronic gastritis patients did indicate that larger amounts of
Tipa protein induce stronger expression of TNF-a and chemokine
gene expression in the gastric mucosa. Recently, Inoue er al.
reported nasal vaccination with Tipa significantly reduced the
inflammatory cytokines TNF-a and IL-12 in gastric mucosa of
mice infected with H. pylori.** Cao et al., using Mongolian ger-
bils, reported a severity of chronic gastritis associated with higher
levels of mRNA of TNF-a and IL-1B, with 1[.:mthugcn H. pylori
linked to glandular gastric carcinogenesis.™ Thus, Tipa may
induce cancer development through a unique mechanism that is
completely different from that of CagA with Type IV secretion
system.™

All the results show that Tipa is a unique carcinogenic factor of
H. pylori and is both a suitable marker for detection of high risk in
gastric cancer and a molecular target for cancer prevention.
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Microsatellite instability-low colorectal cancer acquires a KRAS mutation during the

progression from Dukes’ A to Dukes’ B
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The classification of colorectal cancer (CRC) by microsatellite
instability (MSI) status is important for effective clinical manage-
ment. lnhu.mkrmullhemullty high (MSI-H) cancer has
distinctive clinicopathological and molecular features. However,
microsatellite instability-low (MSI-L) cancer is not clearly de-
fined. The ohjective of this study was to lurther clarify the char-
acteristics of MSI-L. CRC. A consecutive series of 940 primary
CRCs were subdivided into three groups according to the level of
MSI and analyzed the clinicopathological features and genetic
changes in the KRAS, BRAF and p53 mutation and the loss of
heterozygosity (LOH) of adenomatous polypesis coli (APC) gene
and methylation status of the O%-methylguanine-DNA methyl-
transferase (MGMT) and MLHI promoter. Of the 940 CRCs,
5.9% were MSI-H, 7.1% were MSI-L and 87% were microsatel-
lite stable (MSS). KRAS and BRAF mutations were detected in
39.4 and 4.6% of the CRCs, respectively. The frequency of KRAS
mutations in MSI-H, MSI-L and MSS cancer was 30, 48 and 39%,
' respectively. The proportion of KRAS mutations in MSI-L cancer
increased from 16 to 63% accompanying the p from
Dukes’ A to Dukes’ B. While the LOH of D55346, which is located
near the APC gene, and p53 mutation was observed in 75 and 67 %
of MSI-L CRC at Dukes' A, respectively, These results indicated
that the LOH of APC and p53 mutation has already occurred by
the Dukes’ A lake ‘suppressor pathway’ but not the KRAS muta-
tion in MSI-L. CRCs. The genes involving MSI-L carcinogenesis
are similar to MSS but the timing and frequency of the KRAS
mutation is different.

' Introduction

There are two types of genomic instability, microsatellite instability
(MSI or MIN) or chromosomal instability associated with the carci-

nogenesis process of colorectal cancer (CRC) (1). The great majority
of CRCs develop through the chromosomal instability pathway (also
called the ‘suppressor pathway'), which arise from adenomas and is
initiated by the inactivated adenomatous polyposis coli (APC) gene
and followed by the well-established genetic steps involved in the
adenoma—carcinoma sequence (2,3). While another type of genomic
instability, MSI caused by a failure of the DNA mismatch repair
(MMR) system, is observed in ~10% of all CRCs (4-7). DNA
MMR deficiency leads mutations in the target genes that are impli-
cated in tumor progression such as TGFbetaR2 (8), IGF2R (9), CDX2
(10) and BAX (11) and it is known as the ‘mutator pathway’. MSI can
be subdivided into three groups, microsatellite instability-high (MSI-

Abbrevistions: APC, adenomatous polyposis coli; Cl, confidence mterval;
CRC, colorecial cancer; Hlt,huurumm mﬂ,lmsufhmmmmly,
MGMT, 0"-methylguanine-DNA methyltransf MMR, repair,
MSI, microsatellite instability, MSI-H, microsatellite instability-high; MSI-L,
microsatellite instability-low; MSS, microsatellite stable; PCR, polymerase
chain reaction.

© The Author 2009. Published by Oxford University Press. All rights reserved. For Permissions, please emal: j Is.p

H), microsatellite instability-low (MSI-L) and microsatellite stable *

(MSS), according to the degree of instability, The recommended
method to distinguish these subgroups is to analyze paired tumor
and normal tissue DNAs using a panel of five microsatellite markers
known as the Bethesda panel (12).

The MSI-H CRCs phenotype is more likely to occur at a proximal
site, to occur in women, to be associated with a favorable prognosis
(5.7.13-15) and severe inflammatory cell infilimtion into the tumor
tissue (16,17). A large percent of MSI-H CRC is sporadic and dem-
onstrates somatic promoter methylation of the AMLH | gene (18,19),

whereas a germ line mutation of the MMR genes, such as AMSH2, «

hMLH1, hMSH6 and hPMS2, is found in the majornity of MSI-H CRC
without AMLHI promoter methylation and is known as Lynch syn-
drome/hereditary non-polyposis colorectal cancer (20-23). Recent
morphological and molecular studies have proposed the existence

of a serrated pathway, thus suggesting that serrated polyps may serve 7

as a precursor of the MSI-positive cancers (24-26).

On the other hand, most studies have found no obvious clinicopath-
ological or molecular differences berween MSI-L and MSS cancers
(27). The DNA MMR genes AMLHI and hMLH2Z do not appear to be
implicated in the MSI-L subset (28). Some studies have reported that
MSI-L is associated with cancers from individuals with germ line
mutations of AMLHG (29), but genetic alteration of this gene is infre-
quent in MSI-L CRC patients. Furthermore, some researchers deny the
presence of MSI-L cancers because most non-MSI-H cancers exhibit
MSI-L when large numbers of microsatellite loci are tested (27,30).

Meanwhile, there is evidence indicating that the MSI-L phenotype
could reflect a distinct pathway of tumor development with a different
clinical behavior and different genetic and epigenetic changes. For
example, a high frequency of a KRAS mutation (31,32) that is asso-
ciated with loss of expression of the 0°-methylguanine-DNA meth-
yltransferase (MGMT) gene by methylation of its promoter region
(33), lower frequency of SqLOH (31), a high frequency of APC mu-
tation (34) and reduced expression of Bel-2 protein (35) are global
molecular phenotypes by which MSI-L cancers are distinguished
from non-MSI-L cancers,

Therefore, MSI-L CRC is still controversial. This study investi-
gated the genetic changes and clinicopathological features of MSI-L
CRCs using a series of 940 CRCs.

Materials and methods

Patienty and tissue samples
A consecutive senies of 940 primary CRCs ised lly at S
Cmer(‘emul’m January 1998 to May 2006 were investigated afler obtain-
m; the i y 1 whnwmuuudbyﬂwmdu
b hemoth | patients with in-
Mmmmm«:mhmoﬂmﬂﬂﬁmmpdy
posis were also excluded. This study was approved by the Ethics Committee of
the Saitama Cancer Center.

Analysis of MSI

Primary CRCs and paired normal colorectal mucosa obtained by surgery were
inmdiluly lmnn e -80’('.‘ The i DNAW from fresh
frozen Bethesda five markers, BAT2S,
BAT26, 055346' DISIZJ and D175250, were used w classify the MSI status
of the rumons, Polymerase chain reaction (PCR) and subsequent analyses were
performed as reported previously (5). CRCs were subdivided into three groups

according to the degree of MST; MSI-H if two or more of the five markers show 110

instability, MSI-L if only one marker shows instability and MSS if absence of
MSI in all five markers. MSI-positive markers were re-examined ot least twice
to confirm the result. Loss of heterozygosity (LOH) was defined by at least
a 30% reduction in the relatve intensity of one allele in the tumor in compar-
ison with normal levels.
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Analysis of KRAS. BRAF and p33 mwation
The mutations in exon lmdlnfthe KRAS gene were analyzed by denaturing
dient gel el h as d bed previously (36).
" The BRAF VmDE mutation was examined using PCR combined with re-
| sinction enzyme digestion. DNA fr i g exon IS nf the MMF
smmmpﬁﬁdbyl’ﬂlmgﬂn'“

CGAAACG-3' and MGMT unmethylation specific, 53 - TTTGTGTTTTGA-
TGTTTGTAGGTTTTTGT-3' and 5 -AACTCCACACTCTTCCAAAAACA
AAACA-Y".

Statistical analysis

Dlﬂ'm were assessed using the chi-square or Fisher's exact west for cat-

BRAF forward primer §* CTG'I'I'I'ICC‘ITTACIT&CI‘ACACC 3’ and BRAF
reverse primer 5'-CTGTTCAAACTGATGGGACC-3'. PCR amplification
Wﬂmcduulmlh IMngdgmmcDNAmlvulumonﬂMcmmnms
0.2 uM deoxy ph 0.1 uM each of primers and 1 U Tag
Gold, Thermal cycling was initiated with denaturation at 94°C for 10 min
followed by 37 three-step cycles at 94°C for 30 s, 59°C for 30 s and 72°C
for 45 5 and followed by a final incubation for 7 min at 72°C. PCR products
were digested with HpyCH4IT at 37°C for | h and analyzed on 8% poly-

% acrylamide gels.

The mutations in exon S-8 of p53 gene were analyzed by denaturing gra-
dient gel electrophoresis as described previously (37).

Analysis of "MLH 1 and MGMT promoter methylation

hMLH | and MGMT promoter methylation was analyzed in 55 of MSI-H cancer
and 67 of MSI-L cancer samples. The methylation status of each gene was
dmuwd by the h ly i (5). The were hAMLH |
methylation specific, 5 -AACGAATTAATAGGAAGAGGCGGATAGCG-3'
and 5" -COTCCCTCCCTAAAACGACTACTACCC-3'; AMLHI unmethyla-
tion specific, 5 TAAAAATGAATTAATAGGAAGAGTGGATAGTG-3" and
5'-AATCTCTTCATCCCTCCCTAAAACA-3'; MGMT methylation specilic,
5'-TTTCGACGTTCGTAGGTTTTCGC-3' and 5'-GCACTCTTCCGAAAA-

| variable and unpaired Student’s rtest for continuous factors. The
overall survival was defined as the interval from the dale of resection until
the date of death from any cause, censored patients being those alive at the
close of the study or lost to follow-up. Survival was measured from the date of
the resection of the CRCs until death or until the censor date of 1 July 2006,
The distribution of survival time was compared with the use of the log-rank
test; survival distribution curves were estimated by the method of Kaplan—
Meier. Multivariate analyses were performed with the use of the Cox propor-
umlmmllww mmcmduimmcrmhfwnane
d by a kward conditional selection in which the non-
nyllﬂrmhcm(?)ﬂl)mmxuﬁmlympﬂedaﬂsmmmdm
were performed using the StatView 5.5 program, P <005 was considered to be
statistically significant in all cases.

Results

MSI status

The Bethesda panel, BAT25, BAT26, D55346, D25123 and D175250,
was used to classify the MSI starus of the rumors, Of the 940 CRCs, 55
{5.9%) were MSI-H, 67 (7.1%) were MSI-L and 818 (87%) were MSS
(Table 1). Mononucleotide marker BAT25 and BAT26 exhibited

Tabile L. Clinicopathological and genetic features of CRCs

MSS, n (%)

MSI-L, n (%)

MSI-H, n (%)

Patient RI8 (87.0) 67 (7.1) 55(59)
Men 509 (62.2) 38 (56.7) 22 (40)
Women 309 (37.8) 29 (43.3) 33 (60)
Mean (£5E) age 6362 103 6332995 605 =134
Location
Proximal 217 (26.5) 2(328) 36 (65.5)
Distal 243(29.7) 16 (239 12 (21.8)
Rectum 358 (43.8) 29(43.3) T(12.T
Tumor size 023 =0.0001 <0.0001
Mean « standard error (mm) 4542+ 241 418230 61.35 £ 323
Histologic feature =>0.999* <0.0001* 0.0018*
Well differentiated 73(8.9) 10(149) 4(7.3)
Moderaely differentiated 706 (86.3) 54 (80.6) 38 (69.1)
Poorly differentated 16 (2.0) 345 10(182)
Mucinous 21(2.6) L 2(3.6)
Others 2(0.2) 0 1(1.8)
Mucinous component 073 <0.0001 0.001
+ 84 (10.3) 6(9.0) 18(327)
- 734 (89.7) 61 (91.0) 17 671.3)
Dukes’ stage 022 0012 0.039
A 150 (18.3) 19 (28.4) 12 (21.8)
B 246 (30.1) 16 (23.9) 26 (473)
C 246 (30.1) 20 (299) 13 (23.6)
D 176 (21.5) 12079 4(7.3
Depth of tumor invasion 027 0.073 0.42
Tl 68 (8.3) 80119 509.0
T2 123 (15.0) 14 (209) 7(27
T3 571 (69.8) 39 (58.2) 34 (61 8)
T4 56 (6.8) 6(9.0) 9(164)
Extramural venous invasion 099 0.69 0.76
+ 586 (71.6) 48 (71.6) 38 (69.1)
- 232 (28.4) 19 (28.4) 17 (30.9)
KRAS mutation 0.1836 0.1798 n.os1
+ 311 (39.5) 32(478) 16 (30.2)
- 477 (60.5) 35(522) 37 (69.8)
BRAF mutation 0.3885 <0.0001 <0.0001
2127 3(45) 17 (32.1)
- 767 (97.3) 64 (95.5) 36 (67.9)
*Well and moderately diff versus and poorly differentiated.
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