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CYP1A1, GSTM1, and GSTT1 Polymorphisms, Smoking,
and Lung Cancer Risk in a Pooled Analysis
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Abstract

To evaluate roles of CYPIA1 pol
Mawﬂcmlmam% and
and GSTT1 in lung cancer development in Asian
populations, a pooled analysis was conducted on 13
existing studies included in Genetic Susceptibility to
Carcinogenesis database. This pooled
analysis included 1,971 cases and 2,130 controls. Lung
cancer risk was estimated as odds ratios (OR) and 95%

confidence intervals (95% CI) unconditional
logiﬂcnpr-lmmnd:ln% age, sex, and
pukdyur.'l‘heﬂ?l.‘ll variant was associated

cell I cancer (TC versus TT: OR,
:&DB;G,MWCC;M:WOLW,QS%U,
.26-3. = 0.003). In haplotype analysis,
#2701 5T ang m were l-odaladﬂ,:'lth
lung cancer risk wllll to the Ile-T hapl
(OR, 3.41; 95% CI, 1.78-6.53 and OR, 1.39; 95% CI, 1.12-

1.71, respectively). The GSTM1-null increased
lqmuﬂlmgmmﬂlk(ﬂl,mmd,l.ﬂﬁ-
1.77). When the interaction was evaluated with smok-
ing, increasing trend of cancer risk as pack-year
hamdmm&hﬂ&hm
6235 TC/CC genotype com with those with TT
genotype (Pinwersction = 0.001) and with the GSTM1-null
genotype compared with the present type (Pinieraction =
0.08, when no genotype effect with no exposure was
assumed). These results suggest that genetic poly-
maorphisms in CYPIAI and GSTM1 are associated with
I cancer risk in Asian tions. However,

er investigation is warranted considering the
relatively small sample size when su analyses
were done and the lack of environmental exposure data
other than (Cancer Epidemiol Biomarkers
Prev 2008;17(5):1120-6)

introduction

Lung cancer mortality has increased rapidly during
recent years in Asian countries. Cigarette smoking is
the established risk factor for I cancer,
but determined variations in lism of

tobacco-derived carcinogens may affect individual sus-
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undergo
several enzymatic pathways,
, glutathione S-transferase (m

CYPIAI plays an t ole i the metabolism of
polycyclic aromatic

yrene, hnelmzymemdtwuvmm.,
T&CY ﬂlﬂyfmtﬁmul[z-i),hn

bemeva.luatedu tibility factors for lung cancer by

a number of investigators. An increased risk of lung

smokers (5) and with **Val among nansmokers (6) in
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previous pooled analyses using the Genetic Susceptibility
to Environmental z‘::in:g‘gnuh (GSEC) database,
whereas a separate meta-analysis did not find a signifi-
cant assoclation with lung cancer risk (7).

GSTMI catalyzes reactive electrophilic intermediates
derived from cigarette smoking, such as benzo(a
78-diol-9,10-epoxides (BPDE), to less reactive more
easily excreted glutathione conjugates (8). Deletion of
GSTM1 has most widely been evaluated for the
association with lung cancer risk and a significant
association was found in several studies. Although three
meta-analyses concluded that the GSTMI-null genotype
is associated with an increased lung cancer risk (9-11), a
GSEC pooled analysis indicated that there is no strong
evld.mcefwiruundrhkdhmgmmm those
with the GSTMI-null genotype (12). Another i of

GST (GSTT1) is also involved in carcinogen detoxifica-
tion and its deletion has been suggested
to be associated with cancer in several studies. In a
recent GSEC pooled the assoclation was not
significant for either or Caucasians and no

were excluded due to a le size of <10 subjects (29)
or Caucasian ethnicity (el'.:rrgldw. Table 1; ref. 30). The
participation in GSEC was voluntary, and therefore,
some relevant studies were not included in our

The number of

Statistical Analysis. All statistical procedures
conducted Statistical Analysis System version 9.1.3
(SAS Institute) unless otherwise indicated. We estimated
the study:

Hardy-W um for each nucleo-
pdym?bﬂsrp]dam%ul was m among
controls with a Pearson x* and linkage disequilibrium
wuamdwiﬁﬂudﬂ.hﬂvﬂuﬂh%aﬁn
two CYPIAL 11¢*2Val and were
&ﬂma&dby tion-maximization method and
overall difference in lotype frequency
between cases and omu:I.spwu assessed
likelihood ratio test. The subjects missing both
morphisms were excluded in hlww
program uses a weighting scheme on expectation-
frequency estimates.

3

of this collaborative explah\ed in detail maximization-derived

elsewhere (i‘vl). \:je obtained the data of 'Iii Thus, every ha; ]“Isw “:L&;m of

case-control studies on genetic polymorphisms each pair plotypes ra assigning a
1, GSTM1, or G and risk of lung cancer u%mthap to an individual.

conducted in Asian populations (15-30). Two studies types t in more low-probability haplotype pairs and

Table 1. Selected characteristics of case-control studles pooled

Author Ethnicity Cases (n) Controls (n) Reference no.

Kihara et al. (1995) 179 259

Ge et al. (1996 . m 98 x(.?sr z;gz) fl:g

Sugimura et

Persson et al. (1999) J&.’: 80 12353 }la

Le Marchand et al. (1998) Japanese 112 174 (1

Kiyohara et al. (1998, 2000) m 132 2] (20, 21)

Lmdul.w 122 (43) 122 (43) g;

Yin et al 1) Chinese 63 62

ﬂuoell!..?!ll) Chinese 233 (233) 190 (190)

Sunaga et al. (2002) m 198 152

Wang et al. (2003) 112 (40) 119 (40)

l:P‘;EI:::'IL ﬂl)lﬂ Thai 21}?1 ) {l;%

Total 1,971 (635) Z.Iwgg

Samalde subl

L

o;mdymmmmaam]nﬂcmmmmuam]nmd
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1122 CYPIA1, GSTM1, GSTT1, and Lung Cancer

Table 2. Characteristics of subjects (1,971 cases and 2,130 controls) )
Cases, n (%) Controls, n (%) P OR (95% C1*

Age ()

<50 219 (11.1) 444 (209) 0.0001

50-59 501 (254) 638 (30.0)

60-69 7‘13%5) 599

70-79 47 (27) 376 (17.

280 85 (4.3) 70 (3.3)
&lxhﬂ (£SD) 62.6 (£10.7) 584 (£132) 0.0001

Male 1,336 (67. 1537 0.002

Female ﬂﬁéﬂ.gj) 591 3;
Smoking status

Never 462 (24.9) 764 (38.3) 0.0001 Reference
Ever 1.3961(;35.1) 1230 r(]:l.?) 229 (1.94-2.70)
Pack-years in ever smokers

D= <35 468 (42.4) 640 (64.6) 0.0001 1.54 (1.25-1.36)
m ﬁgﬁ) ng‘ 4.36 (3.51-5.35)
Mean iiSD) 66.8 (1146.5) 49.4 (£107.9) 0.002

Pathologic type

AD

. °°‘

types

Missing

Abbreviations: AD, adenocarcinoma; SQ, squamous cell carcinoma; SM, small cell cardnoma.

"ORs were adjusted for age and sex.

each haplotype is as such. An unconditional Gene-smoking interactions (i.e,, the modification of
bg:mm was used to estimate the effect hnmhgpnmdlungmrhtuﬂupﬂ
of haplotypes by fitting an additive model, ym increases by different genotype) were evaluated by
adjusting for sex, age, and pack-year. the significance of the coefficient of product term

Table 3. CYP1AT genotypes and lung cancer risk by histologic types

Controls, All cases, OR AD, OR 5Q, OR sM, OR
n%) n(%)  E%CD* (%)  (5%CD u{%) (5% Q) n(%) (5%qr

TeVal n =109 n=910 = 337 n- 121

Tle/Tle 609 am Rd-m

He/Val m &n ms; m' 0.69-1.27) m ﬁ’) 41 Eﬁ) 0.80 us)
;;.w.t 66 (6.0) n(a:n 1.06 (0.71-1.56 wzss) 31 1

w:vﬂ 1030 (94.0) 831 (91.3) Rdum 305 (905) Reference 312 (91.0) hfumm 113 (92.4) R!hlawl
Val/Val 66(60) 79(87) 1.14(076172) 32(95) 157 (096259 31(9.0) 114 (076-172) B (66) 0.5 (0.24-179)
ﬁT“CWIpI) n=953 n=79 n =284 -m n-!5

T EJ‘; :g (o 1.08 1 120 647:% Eﬂv-} 110 1.86
A) 1.
cc ?Ji 147 .56 ‘% 1.13% .31; sb 197 m 14 (4. ms.gm

P
TC ot CC 620 (65.1) 488 (67.0) 1.10 (o.:s-um 178 (62.7) un(u.as-l.m 186 (71.3) mnw-m 50 (52.6) 0.98 (0.60-162)

)

Haplotype n=1172 n=979 n =361 n =385 n=123
% % % % %

He-T 56 52 55 Reference 49 Reference 57 Reference
ile-C 19 21 12171 18 099 134 4 2.10 (1.58-2.80) 19 129 2.01
Val-T 2 4 3.4] 78-6.53 4 484 ~10.1 4 375 1 037
Val-C 5 3 3 0.96 (0.79-1.1. <] 0.94 (0.73-1.1 24 1.06 -1 n 0.89 131
| S—— 0.0001 0.0003 0.0001 0.40
*ORs were adjusted for age (<50, 50-59, 60-69, 70-79, and 280 y), sex, and pack-year.
1Subjects missing for both CYPIAT Je*Val and T<55C awpud-mudm
1P value from the test of overall difference of hapl cases and controls.
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Table 4. GSTMT and GSTTT genotypes and lung cancer risk by histologic types

Controls, All cases, OR AD, OR SQ, OR SM, OR

n (%) n (%) (95% CI* n (%) (95% CI)* n (%) (95% C1* n (%) (95% CI)*
GSTM1 n=1604 n=1A419 n =760 n =333 n =169
Present 713 (¢ 589 {il Reference 332 Egg Reference 124 (37.2) Reference 59 {-ﬂ.‘l) Reference
Null 891 (556) 830 sug 1.11 (0.95-1.29) 428 099 (0.82-1.19) 209 (628) 136 (1.051.77) B4 (587) 1.27 (0.85-1.83)
GSTT1 n=1,024 n=1135 n =579 n =248 n=71
Present 538 (525) 579 (51.0) Reference 300 (51.8)  Reference  141(569)  Reference 25(35.2) Reference
Null 486 (475) 556 (49.0) 1.02 (0.84-1.24) 279 (482) 1.00(0.80-1.26) 107 (43.2) 0.87 (0.62-1.21) 46 (64.8) 1.36 (0.99-1.86)

*ORs were adjusted for age (<50, 50-59, 60-69, 70-79, and 280 y), sex, and pack-year.

ga'wpe’r:k lhemodal.'l'hetutwu ual to
evaluate slopes of two fi lines
stratified by Additionally, we
mwdthesigniﬂumof Fr;mlumh&wmodel
wiﬂ\outmnheﬁectlmnnf which assumes
that if there is no there is
no difference in cancer between

rlsk of lun?
genotypes (27, 31). The assumption of no genotype effect
when there is no smoking exposure
common intercept assumption for two fitted lines by

slﬂﬂtypﬂ.

Results
dhhibuﬂmb[y age, sex, sutu.s, and cell
types of the 1,971 and 2,130 controls

mprumhdh\hbl:!.’lhmmngzwuﬁ?_ﬁ(ﬂﬁ.?
) in cases and 58.4 (+13.2 years) in controls

(P = 0.0001). The of ever smokers was much
ater in cases (75.1%) than in controls (61.7%;
gu- 0.0001). In terms of cell , adenocarcinoma
(Wﬂ)ﬂaqnammsuﬂar&m(&ﬂl%)wmh

most common.
Genotype of CYP1A1 lIe*“2Val and T**°C
were consistent with Hardy-Wi um in the

mﬂ‘(}’>o.35)mdﬁumopolynmphhm

(D’ = 0.86 and

= 0.35). The variant lﬁé‘—;% of the three
(CYP1A1 *“*Val, ; “95C, 0.42; and

tions (13, 32).

null, 0.48) in the controls were
Caucasian or African
) was similar to

with those of or
The of the GSTM1 null
lhltof ucasians but higher compared with Africans
(32). The CYP1A1 ®%C variant was associated with
cell lung cancer (TC versus TT: OR, 1.42; 95%
ao.mCCvaT:OR. 1.97; 95% CI, 1.26-3.07;
P s = 0.003; Table 3). The CYP1A1 **Val variant was
modm associated with adenocarcinoma (Val/Val
or lle/Val: OR‘B.SZMG.OSG-ZSB)
lnhlplolypa Val-S4%T
were assoclated with | cancer rluk with
to the lle-T (OR, 3.41; 95% Cl, 1.78-
6.53 and OR, 1.39; 95% CiI, 12-17l,lvpecthlg} An
omnibus test showed that the distribution of the CYP1A1
haplotypes was significantly different between all lung
cancer cases and controls (P = 0.0001). In subgroup
mﬂ&mdiﬂumwahowmt&nm
(P = 0.0003) and squamous cell carcinoma
(P = 0.0001) and not for small cell carcinoma (P = 0.40).

The GSTMI-null tly increased
oell hmg clncu k 1.36; Cl, 1.05-
% was moderately
a-ochhd wiihm-ll lung cancer risk (OR, 1.36;
% CI, 099-1.86; Table 4). Analysis of combined

genotypes did not reveal associations beyond what was
mhhﬁ@epﬂwﬁmnﬂm(ﬁhm

W'l-m&nehmhwuevﬂmbdwiﬂlsmhn&
increasing trend of lung cancer risk as pack-year
hmuedwumu&s&mger those with the
CYPIAI 6235 !C/CC(P 0001, Pig I)Wi:l‘ﬂmghm

Interaction =
‘Ygtweﬂ'lmo and lung cancer was
those with tl'te GSTM1-nuil
w'lﬁlﬂapmen“ype,i!mu\ly
t with the assumption of no
the absence of the

stmwr

Discussion
Our results that the CYP1A1 polymorphisms
(e*?Val and ) and the GSTMI-null genotype are
associated with lung cancer risk, for
ﬂwh% In addition, the
associal cancer was significant-
ly modified by the P!Aﬂg."}deymapHamhoux
study.

Ays.iﬂdﬂmm interactive effect between the CYP1A1
35¢ allele and is consistent with the results of

pooled that the stronger association
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1124 CYP1A1, GSTM1, GSTTY, and Lung Cancer

other hand, sm‘gueﬂacidCYPIAl gl found in  the results of uud&a,huhdhmrmota

ﬂ:ol«l nonsmokers tﬁ)wu not analysis (10, 19, 34, 35). The effect of the CYP1A1
obaerved mpopuhl!om vestigated inour allele, especially when combined with a GSTMI-null
Le Marchand et al (19) hypothesized that genotype, also tended to be associated with a risk
susceptibility to polycyclic aromatic v rbons (based of squamous cell carcinoma among Asians (5); in our
on high-risk genotypes for CYPIAl and GSTMI} study, CYP1A1 TC or CC genotype was associated with
tly causes squamous cell carcinoma, In the t elevation of squamous cell carcinoma risk
multiethnic conducted by Le Marchand et al. (19), ared with TT genotype (OR, 1.6) and lle-C

[
CYP1A1 *%C allele was assoclated with a 3.1-fold risk of  haplotype was Enlhnliy associated with squamous
lqumomaﬂcmwm:mbhedwtthaﬁsmﬂ c3 (OR, 2.1).
deletion. Decreasing trend of squamous cell carcinoma, BPDE is known to induce G:C to T:A transversion
relative to the increase in adenocarcinoma, associated muhﬂmuh\ﬂemmmdmo[&wp&mmw
with filter-tipped cigarettes in developed country indi- suppressor gene (36), W is found more frequent in

mﬂympporbthhhypoﬂuhm}mmdmkd ous cell carcinoma than in adenocarcinoma (37).
squamous cell carcinoma in relation with the GSTMI- lggmmualmhm 1o be related to
null genotype observed in our study is consistent with B A adducts (38, 39), and BPDE-DNA adduct
A Lot or

5 4 =T

4 - 55

3 - - 20

1 ‘i ' - 74

-1

-g

0 0 20 XN 40 N 0 W O W W 0 B 0 NO B WO

Pack—year E
¢ 1. The smoking
Al CYPRIMPT === TT SESTCor T 3::1 on lung cancer

stratified by the CYPIA]
B Logt on ™ae (A) and

[ . LIS : CYPIAl 6235 TC/CC
Ty -2 genotype compared with
( ' those with TT genotype
(Pipteraciion = 0.001),

-1

smong those with the
GSTM! -null genotype

S — P ——— R s L compared with. the pres-
0 W 20 30 40 50 B0 0 S0 00 0 W B0 W0 W S0 M0 ent type, it was only mar-
Pack-ywar ginally significant with
(B) GSTMT  ** *preseni "~ " null m'h"w"l 'aff sl

= 0.08),
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level is elevated in the lung ofsmokars with
GSTM1-null genotype } Moreover,
genotypes of CYP1Al al and GSTM] nu.l] have
been associated with increased adduct level in lung
tissues of squamous cell carcinoma patients (41). Thus, it
é ;:?gg?tour pobmm;:S:;ns uﬂﬂ?ﬁ;c risk of
1 P1A1
squamous cell carcinoma is related to polycyclic aromatic
hydrocarbon exposure derived ﬁ'om smoking because
E:ydtydltamma!kh metabo-
CYP1A1 and GSTMI1. The greater effects
among smokers also support this smoking-
mlabed eﬂohgy of squamous cell carcinoma in Asian

pwmﬂm I m’um pooled analysis conducted for

&\emkofpolymow
in carcinogen-metabolizing genes (i.e., CYP1A1l, A
and GSTTI) in Inng cancer d

r:!th m:l smokh@.

Sub!ypbspedﬂcmultnmAdmpopuhumma]m
noteworthy,

However, our study has several limitations to be
considered. First, not all published Asian studies were
included in this study. However, there was no evidence

lication bias for this pooled analysis. In

si cant
was found for ﬂw Vd{g:}mmm

2

exclude chance for the explanation of the significant
modaﬂmmmhcﬁn-mll and small
cell cancer risk, that only 71 cases were
availab

lymorphisms in xenobiotic-metabol genes in
P?c.m development. The htermlﬁengwem environ- o
mental exposure other than smoking (e.g., indoor coal
W) and these polymorphisms still remains to be
uated.
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Abstract
Background: Over- or underexpression of certain Eph re-
ceptors has been associated with tumorigenesis of some
types of cancer. EphB1 is a member of receptor tyrosine ki-
nases of the EphB subfamily involved in the development,
progress and prognosis of colorectal cancers. The expres-
sion levels of EphB1 in colon cancer cell lines and human
colorectal carcinoma specimens were determined and asso-
ciation of EphB1 expression with clinicopathological param-
eters was analyzed, Methods: Quantitative real-time reverse
transcription polymerase chain reaction and immunohisto-
chemistry were used. Results: The EphB1 transcript is ex-
pressed in all colon cancer cell lines tested. However, there
is marked variability in the expression of the EphB1 tran-
scripts and proteins among colorectal carcinoma specimens.
Reduced expression of EphB1 in colorectal cancers more
often occurred in poorly differentiated and mucinous ade-
nocarcinomas than in well- and moderately differentiated
adenocarcinomas. Further, cancer cells with a low level of
EphB1 protein showed more invasive power, Conclusion:
Our data indicate that EphB1 may have roles in the patho-
genesis and development of colorectal cancer.
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Introduction

The Eph family, named for its expression in an eryth-
ropoietin-producing human hepatocellular carcinoma
cell line [1], is the largest subfamily of the receptor tyro-
sine kinases and includes at least 14 distinct receptors and
8 distinct ligands. Both the Ephs (receptors) and ephrins
(ligands) are divided into 2 groups, the A and B subfam-
ilies [2]. The interactions between Eph receptors and eph-
rin ligands play important roles in vascular development,
tissue border formation, cell migration, axon guidance
and angiogenesis [3-7]. Unlike other families of the re-
ceptor tyrosine kinases, which bind to soluble ligands,
Eph receptors interact with cell membrane-bound ephrin
ligands. Moreover, these receptor-ligand interactions ac-
tivate a bidirectional signaling pathway through both the
Eph receptors and ephrin ligands. Some receptors of the
Eph gene have been found overexpressed in human tu-
mors, including neuroblastoma, lung, gastric, esopha-
geal, breast and colorectal cancer. Overexpression of Eph
receptors could be correlated to altered tumor behaviors,
such as increased metastatic potential and poor patient
outcome. But more recently, Eph receptors and ephrins
have been recognized as being differentially expressed in
various human tumors. Qur previous studies showed
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that EphA7 was underexpressed in colorectal cancers,
and we proved that aberrant methylation of the 5'CpG
islands is the main mechanism that leads to the down-
regulation of EphA7 [8]. We also found that Eph A7 recep-
tor is differentially expressed in gastric carcinoma [9].

Colorectal cancer is the second most common type of
cancer in the Western world and its incidence has recent-
ly also markedly increased in other countries such as Chi-
na, EphB/ephrinB signaling is essential for the correct
formation of crypts and villi in the intestinal epithelium
[10-12]. Increasing data have shown that the EphB sub-
family is involved in the carcinogenesis of colorectal can-
cer. Among the Eph family genes, relatively little atten-
tion has been directed toward EphBI in human colorectal
cancer, and the potential role of EphBI in human colorec-
tal cancer has not been addressed. EphBI was first identi-
fied in a rat brain cDNA expression library. In human,
EphB1 was preferentially highly expressed in normal
brain, testis and colon. Expression of EphBI in certain
human tumors has been investigated. However, the re-
sults were inconsistent. In order to investigate the role of
EphBI in tumorigenesis of colorectal cancer, quantitative
real-time reverse transcription polymerase chain reac-
tion (RT-PCR) and immunohistochemistry were used to
determine expression of EphBI in human colon cancer
cell lines, colorectal adenomas and colorectal cancer tis-
sues. Our data show that underexpression of EphB1 often
occurs in colorectal cancer patients with poorly differen-
tiated tumor. And cancer cells with low level of EphBl
protein show more invasive power. The results indicate
that EphBI plays a role in the development and prognosis
of colorectal cancer.

Materials and Methods

Colon Cancer Cell Lines and Tissue Specimens

The colon cancer cell lines SW480, DLD1, HT29, HCT116 and
SW620 were used in the present study. The cells were routinely
maintained in Dulbecco’s modified Eagle medium (NISSUI Phar-
maceutical Co.) supplemented with 1 mmol/l L-glutamine, 10%
fetal bovine serum (Life Technologies Inc.), 100 U/ml of penicillin
G and 100 mg/ml of streptomycin. The cells were incubated at
37°C in a humidified atmosphere of 95% air and 5% CO,.

A total of 15 colorectal adenomas, including 6 of low and 9 of
high grade, 78 colorectal carcinoma and uninvolved normal mu-
cosa specimens were obtained from surgical resections performed
at the Nanjing Jinling Hospital between 2005 and 2006, as part of
a study approved by the Research Ethics Board of the Nanjing
Jinling Hospital. The distribution of the tumors by sites of origin
was as follows: cecum and ascending colon, 14 tumors; sigmoid
colon, 9 tumors; rectum, 51 tumors; others, 4 tumors. Formalin-
fixed and paraffin-embedded tumor tissue sections were stained

EphBl Is Underexpressed in Poorly
Differentiated Colorectal Cancers

Table 1. Characteristics of 78 patients with colorectal carcinoma

Variable n
Male:female 47:31
Age

<55 years 38

>55 years 40
Location

Rectum and sigmoid colon 60

Others 18
Depth of wall invasion

Mucosae and submucosa 4

Muscularis propria 22

Subserosa and serosa 52
Tumor differentiation

Well-differentiated adenocarcinoma 12

Moderately differentiated adenocarcinoma 47

Poorly differentiated adenocarcinoma 7

Mucinous adenocarcinoma 12
Stage (TNM)

| 23

I 26

HI+1V 29
Lymph node metastasis

Absent 49

Present 29

with hematoxylin and eosin and examined histologically. The
clinicopathological characteristics of the 78 colorectal patients
are shown in table 1. The tissue samples were immediately frozen
in liquid nitrogen and stored at -80°C for the extraction of total
RNA and DNA. All tissue specimens were evaluated pathologi-
cally. No patients had received irradiation or cancer chemother-
apy prior to resection.

Quantitative Real-Time RT-PCR

To detect the expression of the EphB1 transcript in carcinoma
samples, a quantitative real-time RT-PCR was subjected 1o the
cDNAs. The reactions were performed in triplicate. The sense and
antisense primers and TagMan probe for EphBl were designed
according to the mRNA sequence (GenBank accession No.
NM_004441). Amplification of PCR fragments spanning differ-
ent exons was used to prevent contamination of genomic DNA.
The sense primer was 5-GCGATGGCCCTGGATTATCTAC-3'
and antisense primer was 5-GCAGTAGCCGTTCTGGTGTC-3".
The PCR products were 92 bp long. The TagMan probe was 5'-
(FAM) TCCTCCTGGCATCCGCAGTGGCT (Eclipse)-3". The
housekeeping gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control (GenBank accession
No. NM_002046). The sense primer was 5-CCAGGTGGTCTC-
CTCTGACTT-3" and the antisense primer was 5-GTTGCTG-
TAGCCAAATTCGTTGT-3". The PCR products were 130 bp long.
The probe was 5-(FAM) AACAGCGACACCCACTCCTCCACC
(Eclipse)-3". The values of EphBl mRNA expression were normal-
ized using the GAPDH expression. Primer sets and probes were
synthesized by TaKaRa Biotechnology Inc. The reaction mixture
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included 1 x buffer, 200 pmol/l of deoxy-ribonucleoside triphos-
phates (dNTPs; Invitrogen), 0.3 wmol/l of sense and antisense
primers, 1 U of Takara ExTaq Hotstart Taq (TaKaRa Biotechnol-
ogy), 0.6 wmol/l of 5-carboxy-X-rhodamine reference dye (Invit-
rogen) and 2 pl of cDNA. The PCR cycle involved 2 min at 95°C
followed by 40 amplification cycles of denaturation at 94°C for
30 s, annealing at 58°C for 30 s and elongation at 72°C for | min.

Immunahistochemical Staining

Sections from the surgical specimens that were fixed in 10%
formalin and embedded in paraffin were studied. Immunohisto-
chemical staining was performed according to the standard
method. Briefly, each 2-pum tissue section was deparaffinized and
rehydrated. After rehydration using a gradient of ethanol concen-
trations, the sections were autoclaved in 10 mmol/l citrate buffer
(pH 6.0) at 120°C for 2 min for antigen retrieval, then naturally
cooled to 30°C and washed with phosphate-buffered saline (PBS,
pH 7.3). The sections were incubated with an anti-EphB1 poly-
clonal antibody (Abgent) at a dilution of 1:100 in antibody diluent
solution (Zymed, Invitrogen) at 4°C overnight, followed by wash-
ing with PBS. The sections were then incubated with secondary
antibody (Dako) for 30 min at room temperature, Color develop-
ment was performed with 3,3"-diaminobenzidine. Nuclei were
lightly counterstained with hematoxylin.

Evaluation of Staining for EphBI

Two pathologists independently assessed the immunostained
slides. Any difference in the immunohistochemical scores was
resolved by consensus, Immunohistochemical staining of both
normal mucosa and cancer cells was assessed according to both
the intensity and the proportion of cells that were stained. Stain-
ing intensity was recorded as 0 for no staining, 1 for weak stain-
ing, 2 for moderate staining and 3 for strong staining. The per-
centage of positive cells was classified semiquantitatively as 0 for
tissue specimens without staining, 1 for fewer than 25% of cells
stained, 2 for 25-50% of cells stained and 3 for more than 50% of
the tissue stained. Scores for expression and percentage of positive
cells were added. The EphB1 expression was assessed by compar-
ing the scores for tumor cells and adjacent normal mucosa cells,

Methylation-Specific PCR

Genomic DNA was modified by sodium bisulfite, as described
by Clark et al. [13, 14]. Primers were designed using MethPrimer
software on the Internet (http://www.urogene.org/methprimer/)
todiscriminate between methylated and unmethylated alleles fol-
lowing sodium bisulfite treatment. Two-microliter aliquots were
amplified in a 30-jl reaction mixture consisting of 1 X buffer (10
mM Tris-HCI, 2.0 mm MgCl;, 50 mm KCI, pH 8.3), 1 U Takara
ExTaq Hotstart Tag, 260 uM dNTPsand 0.3 uMof the primer sets.
The PCR conditions were as follows: 95°C for 2 min, then 35 cy-
cles of 94°C for 30 5, 55°C (for detection of methylated DNA) or
56°C (for detection of unmethylated DNA) for 30 s, 72°C for
I min and finally 10 min at 72°C. Methylation-specific primer set
was: 5“TGCGGTTTTTCGAGAGTATTAC-3' (forward) and 5'-
GAAACCGACCAAACTAACGC-3" (reverse). Unmethylation-
specific primer set was: 5 TGGTTTTTTGAGAGTATTATGA-3'
(forward) and 5-AACAAAACCAACCAAACTAACA-3' (re-
verse), The PCR products were 248 bp long. The PCR products
were run on 8% nondenaturing polyacrylamide gel, followed by
ethidium bromide staining.
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Fig. 1. Expression of EphBI in colon cancer cell lines and repre-
sentative examples of colorectal cancer.

Statistical Analysis

The statistical significance of intergroup differences was ana-
lyzed using the x? test. All statistical analyses were performed us-
ing SPSS 11.5 software (SPSS Inc.). For all statistical tests, two-
sided p < 0.05 was considered statistically significant.

Results

Expression of the EphBI Transcript in Colon Cancer

Cell Lines

Expression of EphBl in the colon cancer cell lines
SW480, SWe620, DLD1, HT29 and HCT116 was assessed
using quantitative real-time RT-PCR. The EphBI tran-
script was differentially expressed in colon cancer cell
lines, EphBI expression is high in SW480 and low in
HT29 (fig. 1).

Expression of the EphBI Transcript in Colorectal

Carcinoma Specimens

Expression of the EphBl transcription was detected
using quantitative real-time RT-PCR in 78 colorectal car-
cinoma specimens that contained paired uninvelved
normal mucosa and tumor tissue. Colorectal carcinoma
samples showed marked interspecimen variability in
their levels of EphBI expression. The expression level of
EphBl in colorectal carcinoma tissues was compared
with that in paired uninvolved normal mucosa tissues
and classified as A, B or C according to the ratio of the 2:
A = uninvolved normal mucosa-to-tumor ratio greater
than 2 (N/T >2); B = uninvolved normal mucosa-to-tu-
mor ratio less than 0.5 (N/T <0.5); C = normal mucosa-
to-tumor ratio between 0.5 and 2 (N/T 0.5-2; table 2).
Downregulation of EphBI (class A) was observed in 27
(34.6%) colorectal carcinoma specimens, while overex-
pression of EphBl (class B) was observed in 36 (46.2%)
samples.
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Table 2. Correlation between EphBl transcript expression and
clinicopathologic parameters

Table 3. Correlation between EphBl protein expression and clin-
icopathologic parameters

NIT NT NT p
22 2-0.5 =05

Overall 27 15 i6
Sex

Male 18 10 19

Female 9 5 17 0.458
Age

<55 years 13 9 16

>55 years 14 6 20 0.597
Location

Rectum and sigmoid colon 23 11 26

Others + 4 10 0.45
Depth of wall invasion

Mucosae and submucosa’ 2 1 1

Muscularis propria 8 3 11

Subserosa and serosa 17 11 24 0.751
Pathological classification

Well and moderate 18 9 32

Poor and mucinous 9 6 4 0.037
Clinical stage (TNM)

I 9 4 10

I 7 6 13

M1+1V 11 5 13 0.894
Lymphatic metastases

Negative 17 10 22

Positive 10 5 14 0.932
Dukes

A4B 16 10 24

[ & 11 5 14 0.892

! The number was not used because it was too small.

Correlation between EphBI Transcript Expression and

Clinicopathological Parameters

Table 2 shows the correlation between clinical vari-
ables and the expression of the EphBl transcript. The
transcription level of EphB1 was significantly related to
the differentiation of the patients (p = 0.037). The EphB1
transcript is more often reduced in poorly differentiated
carcinomas. There was no significant association be-
tween EphBI transcript expression and sex, age, tumor
location, clinical stage, depth of wall invasion and lymph
node metastasis.

Expression of EphBI Protein in Colorectal Adenoma

and Carcinoma Specimens

A total of 15 colorectal adenoma, 69 colorectal carci-
noma and normal adjacent uninvolved mucosa speci-
mens were immunohistochemically stained with a spe-
cific polyclonal EphBI antibody. Five samples of low-

EphBl Is Underexpressed in Poorly
Differentiated Colorectal Cancers

Down- No Up- P
tion ence tion

Overall 39 15 15
Sex

Male 29 10 5

Female 10 5 10 0.019
Age

<55 years 20 9 4

>55 years 19 6 11 0.152
Location

Rectum and sigmoid colon 27 13 14

Others 12 2 1 0.106
Depth of wall invasion

Mucosae and submucosa' 2 2 0

Muscularis propria 8 3 9

Subserosa and serosa 29 10 6 0.02
Tumor differentiation

Well and moderate 25 13 14

Poor and mucinous 14 2 1 0.043
Clinical stage (TNM)

1+11 27 8 9

HI+1V 12 7 6 0.521
Lympbhatic metastases

Absent 27 8 9

Present 12 7 6 0.521

! The number was not used because it was too small.

grade and 8 samples of high-grade adenomas were
positively stained; 1 sample of low-grade and 1 sample of
high-grade carcinoma were negative. In all samples of
normal colon, EphB1 protein expression was most in-
tense at the base of the crypt with expression declining to
the luminal epithelium (fig. 2a). The expression level of
EphBl protein differed between colorectal cancer cells,
and heterogeneous staining in the same slide was ob-
served (fig. 2c). However, the colorectal adenoma cells
were stained homogenously (fig. 2b). The EphBI immu-
noreactivity was observed mainly in golgiosome, cyto-
plasm and rarely in membrane. Of 69 colorectal carci-
noma tissue samples, the EphBI protein expression was
downregulated in 39 (56.5%) and upregulated in 15
(21.7%) tumor samples.

Association of the EphBI Protein Expression with

Clinicopathological Parameters

Table 3 shows the correlation between EphB1 protein
expression and clinicopathological characteristics. The
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Fig. 2. Expression of EphBI protein was analyzed by specific polyclonal anti-EphBI antibody. a EphB1 protein
expression was most intense at the base of the crypt with expression declining to the luminal epithelium.
b EphBl was homogenously stained in colorectal adenomas. € EphBI protein was not uniformly expressed in
colorectal cancer cells. d Downregulation of EphBI in colorectal cancer.

EphBI protein was significantly reduced in male patients
(p = 0.019) and in those with poor differentiation and
mucinous adenocarcinomas or tumors (p = 0.043). The
colorectal cancer cells with low levels of EphB1 protein
more often invaded to serosa and subserosa (p = 0.020).
Expression of EphB1 protein was not related to other clin-
icopathological characteristics.

No Methylation of EphBI in Colorectal Carcinoma

Specimens

The methylation status of the EphBI promoter-associ-
ated 5'CpG island was assessed by methylation-specific
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PCR. Unmethylated DNA was detected in all 35 sodium
bisulfite-treated DNA samples used in this study, how-
ever, no methylated DNA of EphBI was found.

Discussion

The Eph receptors are the largest family of receptor
tyrosine kinases, which are involved in cell prolifera-
tion, differentiation, migration and other functions.
The Eph genes also have important physiologic roles in
the intestinal epithelium. In the intestine, epithelia stem
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cells reside at the bottom of crypts that are formed by
the convolution of the epithelial sheet. Wnt proteins
are present at the bottom of crypts and interact with
Whnt receptors in epithelial cells. Cytoplasmic -catenin
levels are normally kept low through continuous pro-
teasome-mediated degradation. When epithelial cells
receive Wnt signals, the degradation pathway is inhib-
ited, and consequently B-catenin accumulates in the
cytoplasm and nucleus. Nuclear B-catenin interacts
with transcription factors such as lymphoid enhancer-
binding factor 1/T cell-specific transcription factor to
affect transcription. As the direct transcriptional target
of the B-catenin/T cell-specific transcription factor
complex, expression of EphB2 and EphB3 genes is in-
versely controlled along the crypt-villus axis [12]. EphB
receptors have important roles in directing intestinal
epithelium cell migration and regulating proliferation
as well [11].

Most sporadic colorectal cancers are initiated by acti-
vating Wnt pathway mutations and characterized by the
stabilization of B-catenin. Although Wnt signaling re-
mains constitutively active, most human colorectal can-
cers lose expression of EphB at the adenoma-carcinoma
transition. Loss of EphB expression strongly correlates
with degree of malignancy [15]. EphB4 is frequently
downregulated in colorectal tumors through the aber-
rant hypermethylation of its promoter; patients with low
EphB4 tumor levels had significantly shorter survival
than patients in the high EphB4 group [16].

In the present study, we analyzed expression levels of
EphB1 transcriptand protein in a series of colorectal can-
cer and matched normal mucosa. Our data showed that
expression of EphBl was markedly varied among the
colorectal cancer specimens. Downregulation of EphBI
transcript and protein was found in 34.6% (27/78) and
56.5% (39/69) of patients with colorectal cancer, respec-
tively. Although expression of the EphBI transcript was
not completely consistent with expression of the EphBl1
protein, either expression of EphBI transcript or protein
is significantly correlated with tumor pathological clas-
sification. EphBl underexpression is often found in
colorectal patients with poor differentiation and muci-
nous tumors. Our results indicate that EphBl may have
roles in differentiation of colorectal cells. Furthermore,
cancer cells with low level of EphB1 protein show more
invasive power. This can be interpreted as follows: by
interacting with ligands of ephrins, EphB suppresses
colorectal cancer progression by compartmentalization
of tumor cells [10]. Loss of EphB1 protein expression can
include EphB1 mutation, increased protein degradation,

EphBI Is Underexpressed in Poorly
Differentiated Colorectal Cancers

Fig. 3. a Expression of EphB1 in plasma and cellular membrane of
colorectal cancer cells. b, ¢ The specificity of EphBl antibody was
investigated in colorectal cancer section by using blocking pep-
tide. EphB1 signal is blocked in ¢ when a serial section of b is
probed with primary antibody premixed with antigen.
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a defect in the translation or chromosomal deletions, We
are currently investigating these possibilities.
The expression pattern of immunoreactivity of EphB1

in normal mucosa is very similar to that of staining of

EphB2 receptor in normal intestinal crypts, in which
EphB2 could be observed in the progenitor cells at the
bottom of crypts and in a decreasing gradient from the
bottom to the luminal epithelium [17]. We postulate that
EphBI has the same roles that EphB3 and EphB4 play
in colorectal cancer. The functional study of EphBI in
colorectal cancer will be involved in our next project. Im-
munostaining of EphBl was observed in the cytoplasm
or both the cell membrane and cytoplasm, and particu-
larly in the golgiosome (fig. 2, 3a). The pattern of EphBl
expression in colorectal cancer cells was focal with con-
siderable variation in the intensity of staining throughout
the neoplastic cell population (fig. 2c). However, all
colorectal adenomas displayed evidence for homoge-
neous expression of EphBI (fig. 2b). This suggests that
loss of EphB1 by a proportion of cells in the neoplastic
population occurs at the transition from adenoma to can-
cer.

Hypermethylation of CpG island at promoter region
is an important epigenetic mechanism for downregula-
tion of a gene, The promoter region of EphBI contains a
dense 5'CpG island. Promoter methylation analysis was
performed. However, methylated DNA was not found in
any sample. Our data suggest that there are other mecha-
nisms for the loss of EphB1 expression or promoter meth-
ylation in other regulatory regions.

In summary, EphB1 expression is lost in colorectal tu-
mors with poor differentiation and cancer cells with low
level of EphB1 protein show more invasive power. Our
data show that EphBl may have important physiologic
roles in the intestinal epithelium and may also have roles
in the development and prognosis of colorectal cancer.
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Nutritional status is known to alter immune function, a suspected
risk factor for non-Hodgkin lymphoma (NHL). To investigate
whether long-term over, or under, nutrition is associated with
NHL, self-reported anthropometric data on weight and height
from over 10,000 cases of NHL and 16,000 controls were pooled
across 18 case-control studies identified through the International
Lymphoma Epidemiology Consortium. Study-specific odds ratios

(OR) were estimated using and combined
usmg a f%ndnm-el'l'em model. Severe obesity, defined as BMI of
m * or more, was not associated with HL overall (pooled

()R = L00, 95% confidence interval (CI) 0.70-1.41) or the ma-
jority of NHL subtypes. An excess was however observed for
diffuse large B-cell lymphoma (pooled OR = 180, 95% ClI
1.24-2.62), although not all study-specific ORs were raised.

Among the overwglgjn (BMI 25-29.9 kg m %) and obese (BMI
30-39.9 kg m~°), associations were elevated in some studies and
decreased in others, while no nmr:l.lﬂuu was observed among
the underweight (BMI < 18.5 kg m °), There was little sug-
gestion ul‘ increasing ORs for NHL or il.s {‘pes with every
5 kg m ° rise in BMI above 18.5 kg m~ 1 components
height and weight were also examined, amlthetallw! men, but
not were al marginally increased risk (pooled OR =
L.19, 95% C1 1.06-1.34). In summary, whilst
there is no evidence to support the hypothesis that obesity is a
determinant of all types of NHL combined, the association
between severe obesity and diffuse large B-cell lymphoma may
warrant further investigation,
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NON-HODGEKIN LYMPHOMA AND OBESITY

Key words non- Ilodglun lymphoma; lymphoma: body mass index;
1 height: epic 2y

Non-Hodgkin lymphomas (NHL) can arise following rare
inherited disorders of the immune system, long-term immunosup-
pressive drug therapy and viral infections such as human immu-
nodeficiency virus (HIV) and Epstein-Barr virus (EBV). In such
instances, severe immunosuppression resulting from exposure
usually leads to the development of specific NHL subtypes. For
the majority of NHL however, the cause remains unknown but it
is suspected that factors which affect the immune system are
involved. In particular, it has been suggested that the degree of
adlpmlly might be important ﬁlncc over {as well as under) nutri-
tion can alter immune function.'” However, while several epide-
miological studies have reported associations between excess
weight and NHL*™'* the evidence is far from conclusive.'®**
Here we present a pooled analysis of self-reported height and
weight on over 10,000 NHL cases and 16,000 controls from 18
case-control studies identified through the International Lym-
phoma Epidemiology Consortium (InterLymph: http://epi.grants.-
cancer,gov/InterLymph/).

Material and methods

Through the InterLymph forum, 18 case-control studies of NHL
with anthropometric data collected across 13 countries in parts of
North America, Europe and Japan between 1983 and 2004 were
identified. Study designs are briefly uutlmcd in Table 1, and more
details are published elsewhere. ' *1%342%38 Cages were identi-
fied using rapid ascertainment techniques, while controls were
randomly selected from population registers (8 studies), outpatient
clinics (3 studies) or inpatients (7 studies) hospitalized for a vari-
ety of nonneoplastic conditions such as circulatory, digestive or
respiratory problems, or with traumatic or nontraumatic ortho-
paedic conditions. The appropriate ethical committees’ approval
was granted for each study and informed consent was given by all
participants,

NHL diagnoses were pathologically confirmed and subse-
quent]y cod:d to the World Health Organisation (WHO) classi-
fication'” (15 studies), the REAL classification (the 1999-2002
Italian study), or Working Formulation (North Italy and UCSF).
Cases with HIV were excluded. Diagnostic codes fmm the differ-
ent studies were combined as previously described.*® The analysis
here considers specific B-cell subtypes of NHL (diffuse large B-
cell lymphoma: ICDO3 codes 9679/3, 9680/3, 9684/3; follicular
lymphoma: 9690/3, 9691/3, 9695/3, 9698/3; chronic lymphocytic
leukaemia/small lymphocytic lymphoma: 9670/3, 9823/3; mar-
ginal zone lymphoma: 9689/3, 9699/3; mantle cell lymphoma:
9673/3; Burkitt lymphoma: 9687/3, 9826/3 and other unspecified
B-cell lymphoma: 9671/3, 9728/3), and T-cell lymphomas as a
whole (9700/3, 9701/3, 9702/3, 9705/3, 9708/3, 9709/3, 9714/3,
9716/3, 9717/3, 9718/3, 9719/3, 9729/3, 9827/3) as well as NHL
in total (defined by the above ICDO3 codes and 9591/3, 9675/3,
and 9727/3).

In all studies, information on anthropometrics, demographics,
lifestyle, occupations and medical histories were collected by in-
person or telephone interviews. For the purposes of the present
analyses, anonymized data were provided and checked for incon-
sistencies before coding uniformly. Within each study, height in
meters was categorized using sex-specific quintiles of the height
distribution among controls, and data were then combined across
studies to reflect the relative position, rather than the absolute
value, of this variable. In the statistical analysis, the referent cate-
gory for height was taken as the 3rd quintile, since this central
group contains the median and has the narrowest range. Usual
adult weight was requested in 10 swmdies (Nebraska, UCSF,
SCALE and EpiLymph studies). Elsewhere different questions
were used (weight at diagnosisfinterview (HERPACCI, HER
PACC2); 1 year (NCI-SEER, British Columbia, North Italy, Italy);
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2 years (Mayo Phase 1); or 5 years (UK) prior to diagnosis/inter-
view).

For the pooled analysis, body mass index (BMI) was computed
by dividing weight in kilograms by the square of height in metres
where each study’s weight variable was considered at the closest
time point prior to diagnnsic.’intervicw or clse the usual adult
weight. BMI was grouped using the Wotl{i Health Organisation
categonet of underweight (<18.5 kg m %), normal (18.5-24.99
kg m ?), grade | overweight (25-29.99 kg m %), grade 2 obese
(30-39.99 kg m % and grade 3 obese (40 kg m ~ or morcl For
a person 1.7 m (5'7") wall, these cut-off points relate 10 weights of
53 kg (118 1b), 72 kg (159 1b), 87 kg (191 1b) and 116 kg (255 1b)
respectively. Socioeconomic status was defined by the level of
education attained, except in British Columbia and the UK where
self-reported household income and a census-based household de-
privation indicator were used respectively; and no socioeconomic
status information was collected in the Japanese studies (HER-
PACCI and 2).

Statistical analysis followed similar mclhods to those employed
in previous InterLymph pooling prcuecls ~** Firstly, individual
data were combined in an unconditional logistic regression model
adjusting for study, age, sex and race. To test for between-study
heterogeneity, this model was compared using the likelihood ratio
test with the model that included an additional term for interaction
between the anthropometric variable and a variable indexing the
studies. Heterogeneity was assumed to be present when the likeli-
hood ratio test yielded a p-value <0.05. This flexible approach uti-
lizes all data and provides one statistic to test for heterogeneity.
Where the likelihood ratio test was not statistically significant, the
pooled adjusted OR and 95% Cl computed from all individual
data in an unconditional logistic regression model are presented.

Between-study heterogeneity was further examined among risk
estimates at each category of the anthropometric variables, Study-
specific odds ratios (OR) and 95% confidence intervals (CI)
adjusted for sex, age, and race were computed using unconditional
logistic regression.*® For each category of height or BMI, the
study-specific ORs were combined using a random effects meta-
analysis 1o produce a combined OR and corresponding 95% CL
The extent of heterogeneity for each category was indicated by
Cochran's (-statistic which was considered statistically signifi-
cant when p < 0.10. The [*-statistic was also reported to describe
the percentage of total va.nstlon in the study-specific ORs which
was due to heterogeneity.*

Since the ORs were diverse across studies, a variety of
approaches were applied to explore heterogeneity. " To assess rel-
ative obesity within study populations rather than the absolute
value, BMI was grouped into quintiles based on the control distri-
butions within each study before combining the relative quintile
groupings across studies; these analyses are not presented here
since their findings were similar to those reported. Sensitivity
analyses using various stratifications and subsets of data were also
conducted. ™ Study-specific ORs were combined by continent,
study design and time period (corresponding to the original lym-
phoma classification used) as well as by level of participation.
Given that the study-specific associations with BMI were hetero-
geneous in all analyses, forest plots with ORs pooled by continent
were judged to be the most informative. Pooled ORs stratified by
study design are also presented.

Within studies, analyses were performed separately for men,
women, Caucasian subjects and persons aged 18-65. The resulting
study-specific ORs were combined in a random-effects meta-anal-
ysis to examine heterogeneity. Potential confounding factors, such
as smoking, alcohol and socioeconomic status, were assessed by
comparing study-specific regression models with and without the
confounding factor using the likelihood ratio test. A factor was
considered a confounder when the likelihood ratio test was sig-
nificant and the adjusted OR changed by more than 10%. Con-
tinuous variables mrreqpondmg to 10 em increases in height and
5 kg m  increases in BMI were created to assess trends. All anal-
yses were conducted using Stata,*
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NON-HODGKIN LYMPHOMA AND OBESITY

Results

The pooled dataset from the 18 case-control studies comprised
anthropometric information from 10,453 cases of NHL and 16,507
controls. Most cases (85%) were diagnosed with a B-cell lym-
phoma, 5% with a T-cell lymphoma and for 11%, immunopheno-
type was not known. The 3 most common NHL subtypes were
diffuse large B-cell lymphoma (DLBCL) (32%), follicular lym-
phoma (FL) (22%) and chronic lymphocytic lymphoma/small
lymphocytic lymphoma (CLL/SLL) (16%). A slightly higher pro-
portion of cases were men (57%). 90% of all cases were Caucasian
and the median age was 60 years. Cases tended to be older in age,
of white race and of lower socioeconomic status than controls
(data not shown).

Height distributions among male and female controls varied by
study; for both sexes, the median height was highest in the Ameri-
can studies, generally decreased from Northern to Southern
Europe, and was lowest in the two Japanese studies (data not
shown). Among men, compared to the third quintile the odds ratio
was increased in the highest quintile (OR = 1.19, 95% CI 1.06—
1.34), but was close to one in the lowest two quintiles (Sup-
plementary Table I). When examining trend within studies, no
consistent population pattern emerged; most studies showed no
evidence of a trend with 10 cm increases in height, 6 a significant
positive trend and 2 a significant negative trend (data not shown).
Similar pattems were observed for the majority of NHL subtypes.
Little association between height and NHL, or its subtypes, was
observed among women (Supplementary Table I).

Figure 1 gives the distribution of BMI among controls by study.
Like height, studies conducted in the US had the greatest median
BMI, and Japan the lowest. When BMI was classified using WHO
categories, associations between BMI and NHL were heterogene-
ous between studies (likelihood ratio test: x° = 139.1, p <
0.0001). Study-specific ORs showed that the heterogeneity was
most marked in Grade | overweight, where ORs ranged from 0.50
(95% CI 0.34-0.74) in EpiLymph Italy to 1.70 (95% CI 1.02-
2.84) in EpiLymph Ireland and Grade 2 obese (ranging from OR
= (.42, 95% CI 0.24-0.74 in EpiLymph Italy to OR = 1.78, 95%
CI 1.36-2.32 in UCSF) (Figs. 2b and 2c). In the underweight and
Grade 3 obese categories, where the numbers of subjects were
small, ORs were also diverse (ranging from OR = 0.27, 95% CI
0.03-2.34 in EpiLymph Ireland to OR = 3.14, 95% C1 0.41-23.9
in EpiLymph Finland; and from OR = 0.19, 95% CI 0.02-1.58 in
EpiLymph Germany to OR = 4.23, 95% CI 1.51-11.9 in UK,
respectively) (Figs. 2a and 2d). Trends with a 5 kg m™* increase
in BMI above 18,5 kg m ~? were significantly increased in 2 stud-
ies, significantly decreased in 4 studies and showed little effect in
the remaining studies (Fig. 3). ORs were pooled across North
America, Northern Europe, Southern Europe and Japan. In North
America, a homogeneous increased OR was suggested for Grade |
overweight (Fig. 2b) but no effect was found among Grade 3
obese (Fig, 2d), and with the exception of the Californian study
(UCSF), no significant positive trends were observed (Fig. 3). Het-
erogeneity was still evident when the analyses were restricted to
population-based studies conducted in the period 1998-2005; to
those designed to code to the WHO classification; or to those
where control participation rates were 70% or more, Similarly
study-specific ORs were heterogencous among men or women;
subjects aged 18-65; or Caucasian subjects (data not shown).

Statistically significant between-study heterogeneity was also
present for the 3 most common NHL subtypes (likelihood ratio
tests for WHO BMI and DLBCL: 1 = 1042, p = 0.002; FL: °
= 82.7, p = 0.003; CLL/SLL: * = 58.7, p = 0.04). For these
three subtypes, as for NHL as a wholc, study-specific ORs varied
around one in all WHO BMI groups, with tests for heterogeneity
in the two-stage random effects model being significant among
Grade 1 overweight and Grade 2 obese (DLBCL: Supplementary
Figures la-1d; FL: Supplementary Figures 3a-3d; CLL/SLL:
Supplementary Figures 4a-4d. In the underweight and Grade 3
obese groups, the meta-analyses generally suggested that ORs
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Figure 1 - Box-Whisker plot of body mass index among controls by
study. Body mass index considered to be: Und:rwtlglu if<185kgm
Normal weight-for-height if 18.5-24.99 kgm *; Grade 1 Overweight if
25-2999 kg m mdc20bcs::1f3{}-—399‘9kgm * and Grade 3
Obese if >40kgm ° Ref. 39,

were more homogencous and the combined risk estimates were
not significantly different from one. The pooled OR for DLBCL
among Grade 3 obese was m&.n:ased (OR = 1.80, 95% CI 1.24-
262, Q0 = 167, p = 040, I* = 4.4%), being elevated in North
America and Northern Europe, but as with all analyses in this
BMI group, study-specific risk estimates were diverse, based on
small numbers of subjects, and with wide and overlapping confi-
dence intervals (SUPP!CTI'ICI'I[BI}" Fig. 1d). Like NHL as a whole, a
5 kg m ™~ increase in BMI did not consistently increase the risk of
DLBCL (Supplementary Fig. 2) or the other subtypes (data not
shown). ORs for the rarer B-cell lvmphomas and T-cell lymphoma
were mostly not significantly different between studies, probably
due to the small number of cases, and there was little suggestion
of associations between these NHL subtypes and BMI (Supple-
mentary Table I1).

Pooling data from studies with the highest WHO BMI prevalen-
ces of overweight/obese controls (EpiLymph Czech Republic,
Nebraska, Mayo Phase 1, EpiLymph Italy, EpiLymph Germany,
Italy-Aviano and Naples, and EpiLymph Fm]und) gave more ho-
mogeneous ORs (likelihood ratio test: 1 = 323, p = 0.12).
Within this subset of seven studies, there was stll little evidence
that higher than average BMI increases the risk of NHL and its
subtypes (Table IT). These findings were consistent when data
were stratified by sex, age or race.

Discussion

The present InterLymph analysis, which is based on 18 studies
from 13 countries, found little evidence to support the hypothesis
that excess weight-for-height is associated with NHL. A slightly
increased OR amongst the tallest men was observed compared to
those who were of mid-range height but no association was found
among women. The Iargc number of subjects included in this anal-
ysis enabled examination of risks for subtypes of NHL. While
findings for most were consistent with total NHL, an anreascd
risk for DLBCL among persons with @ BMI of 40 kg m ™ or more
was observed in a meta-analysis of study-specific ORs. For
DLBCL, ORs were elevated with ovcrwcig]llfobcsity in North
America and amongst the most obese in Northemn Europe, yet
studies in cither region did not show an increasing trend with a
5 kg m“ rise in BMI. Marked heterogeneity between studies was
present for all categories of BMI, which remained when studies
were combined by continent, study design and time period, WHO
lymphoma classification used; and when data were restricted to
men or women, persons aged 18-65, Caucasians alone or studies
with participation rates of 70% or more. ORs were less heteroge-
neous amongst studies with the greatest proportions of controls
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FiGure 2 — (a) Meta-analysis of the risk of NHL associated with BMI <18.5 kg m ™ (Underweight) compared to BMI 18.5-24.99 kg m °
(Normal weight). Overall test for heterogeneity: @ = 13.0, p = 0.73; Variation in odds ratios (OR) attributable to heterogeneity: I = 0.0%. For
continents: North America: Q0 = 1.04, p = 0.90, * = 0,0%; Northern Europe: Q0 = 787, p = 025, I = 23,7%; Southern Europe: Q = 1.03,
= 0.80, I* = 0.0%; Asia (Japan): @ = 1.38, p = 0.24, I* = 27.5%. Test for heterogeneity between continents: 0 = 1.82, p = 0.61. Pooled odcf:
ratios by study design were: Population-based studies: OR = 0.91, 95% CI10.68-121, 0 = 6.75, p = 0.56, I* = 0.0%:; Clinic-based studies: OR
= 0.92, 95% CI 0.65-1.31, Q = 1.47, p = 0.48, I* = 0.0%; Hospital-based studies: OR = 0.67, 95% CI 0.39-1.17, 0 = 3.79,p = .58, * =
0.0%. I“' for heterogeneity between study designs: 2 = 1.04, p = 0.59. (b) Meta-analysis of the risk of NHL associated with BMI 25-29.99
kg m “ (Grade 1 overweight) comgan:d to BMI 18.5-24.99kg m 2 (Normal weight). Overall test for heterogeneity: Q = 60,0, p < 0.001; Vari-
ation in odds ratios (OR) attributable to heterogeneity: [© = 70.0%. For continents: yonh America: Q = 2.76, p = 0.60, I* = ().0%‘! Northern

1@ =1250,p = 0001, I* = 72.1%; Southern Europe: 0 = 8.59, p = 0.4, I* = 65.1%; Asia (Japan): @ = 0.02, p = 0.90, I = 0.0%.
Test for heterogeneity between continents: O = 23.4, p < (.001. Pooled odds ratios by study design were: Population-based studies: OR = 0,97,
95% CI 0.82-1.14, Q0 = 41.6, p < 0.001, P= B0.8%; Clinic-based studies; OR = 0,99, 95% CI1 0.82-1.20, Q = 0.44, p = 0.80, I" = 0.0%; Hos-
pital-based studies: OR = 0.91, 95% CI1 0.72-1.16, Q = 14.0, p = 0.03, I° = 57.1%. Test for heterogeneity between study designs: Q0 = 3.93.g
= 0.14. (¢) Meta-analysis of the risk of NHL associated with BMI 30-39.99 kg m * (Grade 2 obese) compared to BMI 18.5-24.99 kg m
(Normal weight). Overall test for heterogeneity: @ = 39.7, p < 0.001; Variation in odds ratios (OR) mribn?hle to heterogeneity: I° = 69.8%.
For continents: North America: 0 = 8.18, p = 0.08, I = 51.1%; Northem Europe: @ = 18.1, p = 0.01, I = 61.2%; Southern Europe: 0 =
7.88, p = 0.05, I = 62.0%; Asia (Japan): Q0 = 0.01, p = 093, ' = 0.0%. Test for heterogeneity between continents: Q = 25.4, p < 0.001.
Pooled odds ratios by study design were: Populstion-based studies: OR = 1.06, 95% CI O.gg-l.}%. 0 =413, p < 0.001, I = 80.7%; Clinic-
based studies: OR = 1.22, 95% CI 0.90-1.67, @ = 0.03, p = 0.99. I* = 0.0%; Hospital-based studies: OR = 0.77, 95% Cl 0.60-0.98, 0 =
8.51, p = 0.20, /* = 29.5%. Test for heterogeneity between study designs: {0 = 9.81, p = 0.007. (d) Meta-analysis of the risk of NHL associated
with BMI >40 kg m * (Grade 3 obese) compared to BMI 18.5-24.99 kg m ~ (Normal weight). Overall test for heterogeneity: 0 = 21.9, p =
0,15, Variation in odds ratios (OR) attributable to heterogeneity: /° = 26.8%. For continents: North America: Q0 = 2.89, p = 0.58, P = 0.0%;
Northern Europe: Q = 15.3, p = 0.03, I = 54.4%; Southern Europe: Q@ = 0.69, p = 0.88, I* = 0.0%. Test for h geneity between conli
0 =291, p = 0.23. Pooled odds ratios by study design were: Population-based studies: OR = 1.33, 95% CI 0.88-2.00, 0 = 114, p = 018, I
= 29.7%:; Clinic-based studies: OR = (.57, 95% CI 0.26-1.22, No test for heterogeneity as only 1 study; Hospital-based studies: OR = 0.51,
95% CI 0.25-1.05, Q = 2.07, p = 0.91, I' =0.0%. Test for heterogeneity between study designs: 2 = 8.41, p = 0.015. [Color figure can be
viewed in the online issue, which is available at www.interscience. wiley.com.]
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Figure 3 — Meta-analysis of the risk of NHL associated with 5 kg
m “ increase in BMI above 18.5 kg m™ * (Normal weight and above).
Owverall test for heterogeneity: 0 = 87.5, p < 0.001; Varation in odds
ratios (OR) attributable to heterogeneity: * = 79.4%. For continents:
North America: Q = 155, p = 0.004, I = 74.1%; Northem Europe:
0 = 374, p < 0001, * = 81.3%; Southern Europe: @ = 532, p =
0.15; I* = 43.6%; Asia (Japan): Q0 = 0.12, p = 0.73, I = 0.0%. Test
for heterogeneity between continents: @ = 29.0, p < 0.001. Pooled
odds ratios by study design were: Population-based lies: OR =
1.02, 95% CI 0.92-1.13, Q = 57.7. p < 0.001, I = 86.1%: Clinic-
based studies: OR = 1.04, 95% CI 0.94-1.14, Q = 0.34, p = 0.84, I
= (.0%:; Hospital-based studies: OR = 0.85, 95% C1 0,79-092, 0 =
6,09, p = 041, I = 1.4%. Test for heterogeneity between study
designs: Q0 = 234, p < 0.001. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com.]

with a BMI of 25 kg m ™ * or more, Of the seven studies in this sub-
set, no effect of BMI on NHL risk was observed, and the lack of
association with obesity was consistent across NHL subtypes,
amongst men and women, and at age <45, 46-55, 56-65 and
=66 years.

Six of the case-control studies included in this pooled analysis
have previously published data on NHL and obesity*®11:14.23.24.50
and a further 12 are included here for the first time, Apart from
case-control studies, adiposity has been investigated in cohorts
where hciﬁhl and weight were measured”'™'*" 2 or self-
reported,”"?*?! and among persons with a hospital discharge for
obesity."!**? Cohort studies have the advantage of prospectively
collected information, although not necessarily at a relevant time
point, Positive associations with obesity have been reported for
some cohorts,>> 112135 bt not for others™'****%. and a fur-
ther case-control investigation nested within a cohort reported a
reduced risk based on measured height and weight.'® Only one
additional study of case-control design—which is not part of the
InterLymph consortium—has published its findings, observing an
excess risk of NHL with obesity.®

Hitherto only a few individual case-control studies and two
cohort studies have considered lymphoma subtypes, proposing an
association with excess ad;ggsily for DLBCL, but less so for FL
and CLL/SLL ®!14.152122.2450° o recent meta-analysis of pub-
lished risk estimates suggested a slight increased risk of NHL, par-
ticularly DLBCL based upon data from both case-control and
cohort studies.”! The pooled analysis presented here has the
advantage of being less susceptible to positive publication bias
since it 15 based on all studies within the InterLymph consortium

208

SUBTYPES IN STUDIES WITH THE HIGHEST PREVALENCE OF OVERWEIGHT/OBESE CONTROLS'

TABLE [ - NUMBER OF CASES AND CONTROLS, POOLED ODDS RATIOS AND 95% CONFIDENCE INTERVALS FOR BODY MASS INDEX BY ALL NHL SUBTYPES AND THE THREE MOST COMMON NHL
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or'

381}

95% C1 cLusLy’ N

or'

FL'(N = 457)

95%

or*

= 659)

5% Cl DLBCL" ¥

or'

Controls (N = 2963) NHL’ (N = 2.108)

BMI?

0.40-5.42

1.47

0.36-2.59

0.96

5
182
149

0.48-2.49

1.09

1

8
273
222
111

0.50-1.44

0.85

24

i6

1,040

1.213
566
56

<18.5

WHO category (kg m ]

0.74-125

0.96

2
163
85
2

0.56-0.91
0.73-1.26
0.21-1.40

0.71
0.96
0.54

100
5

0.56-40.84

0.56-0.93
0.51-1.72

0.68
0.72
0.94

14

0.69-0.90
0.72-0.99

0.40-0,99

0.79
0.84
0.63

802
776
403

31

18.5-24.99
25-29.99
30-39.99
>40

=247 p=005
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Nebraska, Mayo Phase 1, EpiLymph Italy, E;

256 p=027

=
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&

G
3

WHO categories where <18.5 kg m * is considered Underweight; 18.5-24.99 kg m
“NHL, non-Hedgkin lymphoma; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; CLL/SLL,

Odds ratios and 95% confidence intervals adjusted for study, sex, age and race were estimated using unconditional logistic regres-

¥

j Grade 3 Obese
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?
Iymphocytic leukaemia/small lymphocytic lymphoma.—
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sion.— Test for heterogeneity was conducted by testing for evidence of interaction between BMI and studies using the likelihood ratio test.
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