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A B S T R A C T

Interleukin-4 (IL-4) and interleukin-4 receptor (IL-4R) modulate inflammation and are asso-

ciated with the colorectal adenoma-carcinoma progression and the metastatic capacity. IL-

4 also causes a dose-dependent reduction of proliferation in colorectal cancer cells. The

aim of the study was to evaluate whether genetic variants within IL4 and IL4R could affect

the individual risk to develop colorectal cancer. We genotyped all the polymorphisms cod-

ing for an aminoacidic change in IL4R and we used a haplotype-tagging SNP approach for

IL4. We carried out a case-control association study by genotyping, with the 5 0 nuclease

assay, two common SNPs within IL4 (�588C > T, Ex1-168G > A) and five SNPs within IL4R

(I75V, C431R, S436L, S503P, Q576R) in 377 cases of colorectal cancer and 326 controls from

Spain. No statistically significant association between the SNPs investigated and colorectal

cancer risk was found, as main effects. When the sub-analyses were carried out, the homo-

zygotes for IL4 �588C > T or for Ex1-168G > A showed an increased risk for colon cancer

only, with the odds ratios of 4 (95% CI 0.97–16.6; P-interaction = 0.016 and 4.66 (95% CI

1.16–18.77; P-interaction = 0.023), respectively. Moreover, women showed a significant

increased risk associated to the IL4 rare alleles and this was clearly greater than that in

men (for Ex1-168G > A: OR = 1.96; 95% CI = 1.11–3.47; P-interaction = 0.006). However, when

sub-groups are analysed, the findings should be taken with caution for the weakening of

the statistical power.

� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Interleukin-4 (IL-4) plays an important role in regulating the

immune response of B cells, T cells, and macrophages against

infections and malignant cells.1–3 Both IL4 and IL4R gene

knockout mice show defective production of Th2 lympho-
er Ltd. All rights reserved
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cytes or reduced IgE levels.4,5 Interestingly, in cancer cell

lines, variations in the activity of IL-4 and its receptors were

shown to modulate cell proliferation, and to affect signal

transduction pathways.6 In particular, in human colorectal

cancer (CRC) cells, IL-4 and interleukin-4 receptor (IL-4R) are

associated with the adenoma-carcinoma progression and
.
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with metastatic capacity.7,8 IL-4 causes a dose-dependent

reduction of proliferation9 and triggers a decrease of matrix

metalloproteinases (MMP-1, �2, and �9), a reduction of cell-

matrix invasiveness, and the arrest of cell migration.10,11

These findings also have important clinical implications,

since IL-4 receptors are used as novel targets for cancer cyto-

toxin therapy, under testing in recent clinical trials.12,13 Thus,

in the present study, we evaluated whether single nucleotide

polymorphisms (SNPs) within IL4 and IL4R genes were associ-

ated with the risk to develop CRC and whether they could be

associated with survival or response to therapy among cases.

The possible interactions between polymorphisms and other

relevant variables (including tumour location, dietary habits,

use of non-steroidal anti-inflammatory drugs, NSAIDs) were

also explored. In order to reach the goals, we performed a

case–control study and genotyped two SNPs within IL4

(�588C > T, dbSNP ID: rs2243250; Ex1-168G > A, rs2070874)

and five SNPs within IL4R (I75V, rs1805010; C431R,

rs1805012; S436L, rs1805013; S503P, rs1805015; Q576R,

rs1801275) in 377 cases and 326 controls from Barcelona

(Spain).

2. Materials and methods

2.1. Study design and case ascertainment

A hospital-based case–control study was conducted to assess

gene–environment interactions in relation to CRC risk. Cases

were patients with a new diagnosis of CRC attending a Uni-

versity Hospital in Barcelona, Spain, between January 1996

and December 1998. All cases had histological confirmation

of their tumour diagnosis. During the study period, a total

of 523 cases were diagnosed with sporadic CRC in the hospi-

tal. This study includes those 377 (72%) who could be inter-

viewed and who provided biological samples of sufficient

quality for genetic analysis. Refusals were 2%, while 14%

could not be interviewed because they had either died, had

mental or some other impairment, or were released without

being approached and could not be traced. Finally, 12% were

interviewed but did not provide biological samples. These lost

cases were similar to those included with respect to age, sex,

tumour location and extent.

Controls were randomly selected among patients admitted

to the same hospital during the same period. To avoid selec-

tion bias, the criterion for inclusion of controls was that the

reason for the current admittance to the hospital should be

a new disease (not previously diagnosed) for that patient. This

criterion was used to avoid inclusion of patients with chronic

diseases, who might be repeatedly admitted to hospital and

modify their habits because of their disease. This procedure

paralleled the criterion for cases that were also newly diag-

nosed incident cases. Sex and broad age groups were used

as stratifying criteria for frequency matching. Both cases

and controls had to have good mental condition, and be able

to see and hear and follow an interview. From the daily pa-

tient admission lists, candidate controls were approached

and, if they met these criteria, they were invited to partici-

pate. Among 470 selected controls, a total of 326 (69.4%) were

analysed in this study. Refusals were 7%, while 5% could not

be interviewed because of mental or other impairment. Final-
ly, 87 (18.6%) were interviewed but did not provide a blood

sample. From a genetic point of view, we consider the hospi-

talised controls as being representative of the general Spanish

population, as they came from very different hospital depart-

ments and included very different diseases. Moreover, it was

recently reported in a study of 15,000 hospitalised controls

that the frequencies of genetic polymorphisms did not differ

from those of population controls.14 No restriction criterion

was imposed regarding the diagnosis of controls except those

previously mentioned. The distribution of controls by diag-

nostic group was as follows: internal medicine 22%, acute sur-

gery 19%, urology 17%, traumatology 15%, gastro-enterology

16%, circulatory or respiratory 11%. Sixty controls (18%) had

a diagnosis of inflammatory conditions that might be related

to the studied polymorphisms: inflammatory bowel disease

(N = 2), peptic ulcer (N = 2), pancreatitis (N = 24), cholecystitis

(N = 16), arthritis (N = 12) and diverticulitis (N = 4). We com-

pared the distribution of genotypes in this group and found

no difference from the rest of the controls. Also, an analysis

of the data excluding these controls yielded essentially the

same results. Thus, we decided not to exclude any control

that had been selected.

All subjects were informed and gave written consent to

participate in the study and to allow their biological samples

to be genetically analysed, according to the Helsinki declara-

tion. The Ethical Committee of the hospital cleared the study

protocol.

2.2. Interviews and covariate assessment

Cases and controls were personally interviewed by trained

personnel using a structured questionnaire to determine

demographic characteristics and potential risk factors for

CRC. For each subject, age and sex were recorded. A dietary

history questionnaire, previously developed and validated in

the framework of the EPIC study,15 focused on average food

consumption one year before the diagnosis of disease. The

questionnaire recorded individual foods. For the analysis,

post-hoc selected food groups (vegetables, fruits, etc.) were

created by adding the consumption in grams of specific foods.

Nutrient intakes were estimated with food composition tables

developed ad hoc for the EPIC study.16 To adjust for total en-

ergy intake, nutrient densities were calculated by dividing

nutrient intake by total calories estimated from macronutri-

ents plus alcohol. Supplemental vitamin intake is rare in this

community and was not recorded. Self-reported weight and

height were recorded for all individuals. Real weight and

height were measured during the interview for 40% of the

sample. Since the agreement between measured and reported

values was very good (Pearson’s r = 0.97), reported values were

used for individuals if measurements were unavailable. Re-

ported weight 10 years before interview was also recorded.

Body mass index at that time was calculated assuming no

change in height.

Lifelong long-term (at least six consecutive months) drug

use was included in the questionnaire. An initial open ques-

tion was followed by a list of 20 chronic diseases that are usu-

ally treated pharmacologically and their treatments were

recorded. No drug list was used. For each exposure, the ages

at initial use and cessation were recorded and cumulative
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duration was computed. Drugs were grouped using the ATC

(Anatomical Therapeutic Chemical) classification and the fo-

cus in this analysis was on NSAIDs. Other relevant risk factors

explored were smoking, alcohol, and family history of cancer.

For tobacco and alcohol, life-long history was recorded. We

defined as an alcohol drinker a person consuming a mini-

mum of one standard unit (equivalent to 10 g pure alcohol)

per week. Average daily consumption and duration were cal-

culated by summing the different exposure patterns during

life.

2.3. Choice of polymorphisms under analysis

For IL4R, we firstly chose all the known variations coding for

aminoacidic changes (the so-called ‘cSNPs’) (http://

www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=3566&choos-

eRs=coding). We assumed that an aminoacidic change could

have a more relevant impact on the function of the receptor.

Thus, we established a preliminary list of 12 polymorphisms,

i.e.: rs1805010 (I75V), rs4787952 (G131V), rs6413500 (L387S),

rs1805011 (A400E), rs1805012 (R431C), rs1805013 (L436S),

rs1805015 (P503S), rs1801275 (R576Q), rs3024677 (I579V),

rs3024678 (S675P), rs1805016 (A752S), and rs1805014 (P786S).

Polymorphisms non validated or for which the reported min-

or allele frequency was below 10% (not allowing a sufficient

statistical power) were discarded. The remaining seven SNPs

(i.e.: I75V, A400E, R431C, L436S, P503S, R576Q, and A752S) were

checked for their pair-wise linkage disequilibrium. The poly-

morphisms A400E and A752S resulted in complete linkage

disequilibrium (according to www.hapmap.org, r2 = 1) with

R431C and L436S, respectively, and were thus eliminated be-

cause they provide redundant information. The final list of

IL4R polymorphisms to be assayed was the following: I75V,

C431R, S436L, S503P, and Q576R.

For IL4 there are not any known cSNPs among Caucasians.

In fact, according to SNP500Cancer Database, there is only

one rare variant (C27R) present exclusively among Hispanics

(http://snp500cancer.nci.nih.gov/snplist.cfm). Based on geno-

typing data from the SNP500Cancer Database, SNP rs2243290,

as haplotype tagging SNP (ht-SNP), defines the two major

haplotypes among Caucasians, having the frequencies of

83.2% and 10.3%. The analysis of this SNP alone misses only

a third haplotype, having a frequency of 4.5%. For technical

reasons (probe design), as htSNP, we preferred to genotype

the polymorphism rs2070874 that is in complete linkage dis-

equilibrium with rs2243290 (according to www.hapmap.org).

Moreover, to enrich the analysis for IL4, we decided to geno-

type the most frequent polymorphism (according to

SNP500Cancer Database) among the ones present in the pro-

moter region, i.e. the rs2243250 (�588C > T).

2.4. SNP genotyping

Samples from cases and controls were randomised and mixed

on PCR plates, so that an equal number of cases and controls

could be analysed simultaneously. Genotyping was carried

out with the 5 0 nuclease assay by minor groove binder

(MGB) probes fluorescently labelled with FAM or VIC and

using the protocol recommended by the supplier (Applied Bio-

systems, Foster City, CA). Reactions were run in 96-well plates
on a Tetrad DNA Engine PCR machine (MJ Research, Waltham,

MA), and read in a TaqMan 7900HT sequence detection sys-

tem (Applied Biosystems, Foster City, CA). Probes and primers

for the genotyping reaction are reported in Table 1.

2.5. Data analyses

Haplotypes were reconstructed with the software ‘PHASE’.17

Each polymorphism was tested in controls to ensure that it

fits Hardy–Weinberg equilibrium. To test the hypothesis of

association between genetic polymorphisms and CRC, multi-

variate methods based on logistic regression analyses were

used. When cases were subdivided into groups (tumour site

or stage), polytomous logistic regression was used, comparing

each group of cases with the whole set of controls. Odds ra-

tios (OR) and 95% confidence intervals (CI) were calculated

for each group compared to the class with the lowest level

of exposure (set as having risk = 1). For polymorphisms,

homozygosity for the more common allele among controls

was set as the reference class. Tests for linear trend of ORs

were calculated using the categorised variable as quantitative

after assigning a linear score to each ordered category. Anal-

yses were performed under both a co-dominant model (three

genotypes separated) and an additive model (equivalent to a

trend test on the number of minor alleles) to increase the sta-

tistical power. All analyses were adjusted for age and sex. The

present study has a power of 80% to detect an OR of 2, when

the prevalence of the minor genotype is 0.10 and 1.6 for a

prevalence of 0.30. Analysis of the prognostic value of the

polymorphisms was done using proportional hazards models

adjusted for age, sex and tumour stage. The Kaplan–Meier

method was used for the estimation of survival probabilities.

More details concerning the statistical analyses were pub-

lished previously.18 To ensure quality control, DNA samples

from cases and controls were randomly distributed on PCR

plates, and all genotyping was conducted by personnel who

were blinded to case–control status. Only genotype calls

scored concordantly by two independent trained operators

were retained. Finally, a random 8% of the samples were re-

genotyped blindly.

3. Results

3.1. Main effects

The polymorphisms are in Hardy–Weinberg equilibrium in

controls. The main effects related to each polymorphism by

case/control status are shown in Table 2. The �588C > T and

Ex1-168G > A polymorphisms of IL4 and the I75V, C431R,

S436L, S503P, Q576R polymorphisms of IL4R are not associated

with the risk of colorectal cancer in this study. Haplotypes for

IL4 and IL4R did not associate with the risk of CRC as well

(data not shown).

3.2. Interaction between polymorphisms and cancer site

Dividing cases for colon or rectal cancer sites, both IL4 poly-

morphisms were associated with an increased risk that was

statistically significant for the additive inheritance model.

These results were driven by the associations of the homo-

http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=3566&amp;chooseRs=coding
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=3566&amp;chooseRs=coding
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusId=3566&amp;chooseRs=coding
http://www.hapmap.org
http://snp500cancer.nci.nih.gov/snplist.cfm
http://www.hapmap.org
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zygotes for the rare alleles. Homozygotes for �588C > T or for

Ex1-168G > A showed an increased risk for colon cancer only,

with the ORs of 4 (95% CI 0.97–16.6; P-interaction = 0.016) and

of 4.66 (95% CI 1.16–18.77; P-interaction = 0.023), respectively.

However, these associations were based on very few individ-

uals, and they should be taken with caution. It should be

noted that, for cases of colon cancer only, the haplotype that

contained both rare alleles of IL4 polymorphisms, was associ-

ated with a risk of 1.44, statistically not significant (95% con-

fidence interval = 0.96–2.16; P = 0.082). Similar results were

obtained when dividing the cases for tumour location in the

left or right side of colon (data not shown).

3.3. Interaction between polymorphisms and covariates

The analyses for association based on interactions of IL4 and

IL4R polymorphisms with dietary variables (in particular: alco-

hol, tobacco, coffee, vegetables, meat and meat products, fats,

fruits, BMI, calories) or consumption of aspirin or other NSAIDs

did not elicit any statistical association (not shown). Interest-

ingly, an interaction was observed between IL4 polymor-

phisms and gender, as reported in Table 3. Women showed a

significant increased risk associated to the IL4 rare alleles

and this was clearly greater than that in men (for Ex1-

168G > A: OR = 1.96; 95% CI = 1.11–3.47; P–interaction = 0.006).

This interaction remained significant when only colon cancer

was analysed (data not shown). However, the numbers within

each sub-group were too low and larger studies are warranted.

3.4. Polymorphisms and prognosis

Cases of CRC homozygous for rare alleles of IL4 polymor-

phisms had a worse prognosis than patients with at least

one common allele but association was not statistically sig-

nificant (for �588C > T, HR = 2.1, 95%CI 0.7–6.9, P = 0.25 and

for Ex1-168G > A, HR = 2.3, 95%CI 0.8–6.4, P = 0.15), considering

that this group was very small (six cases for �588C > T and

eight cases for Ex1-168G > A). This association was similar

when disease free survival was analysed and no interaction

was observed with tumour site, stage, or adjuvant chemother-

apy. No relevant association was observed for any of the IL4R

polymorphisms (data not shown).

4. Discussion

The functional meaning of the polymorphisms within IL4R is

not completely understood. The genetic variations S503P and

Q576R (falling in the intra-cytoplasmic domain of the recep-

tor) were suggested to lead to loss and gain of function,

respectively.19 Previous association studies showed that I75V

(also referred as I50V) is associated with rheumatoid arthri-

tis,20 susceptibility and severity of atopic asthma,21 respira-

tory syncytial virus (RSV) bronchiolitis,22 HIV infection and

its progression to AIDS.23 The variant S503P was associated

with allergy and asthma,24 atopy,19 and affected the signal

transduction pathway of STAT6, leading to a reduction of

IgE concentrations.25 Q576R have been associated with aller-

gic asthma,26,27 and mastocitosis.28 According to these find-

ings, it is conceivable that such genetic variations alter the

properties of the receptor. Functional studies are warranted



Table 3 – Odd ratios and 95% confidence intervals for the interaction between IL4 polymorphisms and gender (dominant
model)

Gene and SNP Controls Cases males Cases females

N males N females N OR (95% CI) N OR (95%CI)

IL4 �588C > T

CC 105 104 141 1 80 1

CT + TT 26 25 26 0.76 (0.42–1.39) 34 1.78 (0.98–3.23)

Test for the interaction in the trend: P = 0.0485

IL4 Ex1-168G > A

GG 107 102 139 1 75 1

GA + AA 32 28 26 0.63 (0.36–1.13) 40 1.96 (1.11–3.47)

Test for the interaction in the trend: P = 0.0060

Table 2 – Odds ratios and 95% confidence intervals for CRC by genotypes under investigation (main effects)

Gene and SNP Controls All cases Rectal cancer Colon cancer

Na Na OR (95%CI)b Na OR (95%CI)b Na OR (95%CI)b

IL4 �588C > T

CC 209 214 1 83 1 131 1

CT 57 59 1.04 (0.68–1.58) 17 0.75 (0.41–1.37) 42 1.23 (0.77–1.95)

TT 3 7 2.63 (0.66–10.44) 1 0.84 (0.08–8.32) 6 4.00 (0.97–16.60)

Ptrend 0.39 0.38 0.08

IL4 Ex1-168G > A

GG 209 221 1 88 1 133 1

GA 48 51 1.03 (0.66–1.61) 14 0.70 (0.37–1.35) 37 1.25 (0.76–2.05)

AA 3 9 3.35 (0.88–12.74) 2 1.67 (0.27–10.33) 7 4.66 (1.16–18.77)

Ptrend 0.24 0.55 0.047

IL4RA I75V

AA 81 83 1 29 1 54 1

AG 131 141 1.00 (0.67–1.49) 50 1.05 (0.61–1.80) 91 0.97 (0.62–1.52)

GG 51 55 0.98 (0.59–1.61) 24 1.26 (0.66–2.42) 31 0.83 (0.47–1.47)

Ptrend 0.93 0.50 0.55

IL4RA C431R

AA 208 235 1 85 1 150 1

AG 59 49 0.73 (0.48-1.12) 18 0.75 (0.42–1.35) 31 0.72 (0.44–1.18)

GG 2 2 0.68 (0.09-5.02) 2 2.15 (0.28–16.25) 0 0

Ptrend 0.14 0.60 0.099

IL4RA S436L

TT 202 221 1 81 1 140 1

TG 59 54 0.83 (0.55–1.27) 17 0.73 (0.40–1.32) 37 0.90 (0.56–1.44)

GG 5 5 0.80 (0.22–2.87) 3 1.38 (0.32–6.04) 2 0.48 (0.09–2.57)

Ptrend 0.38 0.56 0.42

IL4RA S503P

TT 181 201 1 74 1 127 1

TC 82 73 0.80 (0.55–1.17) 26 0.77 (0.46–1.30) 47 0.82 (0.54–1.26)

CC 3 7 1.80 (0.45–7.25) 4 3.02 (0.64–14.27) 3 1.16 (0.22–6.01)

Ptrend 0.54 0.89 0.45

IL4RA Q576R

AA 166 183 1 69 1 114 1

AG 90 87 0.87 (0.60–1.25) 31 0.83 (0.50–1.36) 56 0.90 (0.59–1.36)

GG 12 14 1.02 (0.46–2.30) 6 1.16 (0.42–3.24) 8 0.94 (0.37–2.39)

Ptrend 0.63 0.73 0.65

a For some polymorphisms, numbers do not sum up to the totals of controls (326) or cases (377) due to genotyping failure. All samples that did

not give a reliable result in the first round of genotyping were resubmitted to additional genotyping. Data points that were still not filled after

this procedure were left blank.

b OR = Odds ratio adjusted for age and sex; 95%CI = 95% confidence interval.
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to understand the functional impact of these polymorphisms

on the biological activity of IL-4 receptor.

For IL4, previous association studies investigated the role

of genetic variations not coding for aminoacidic changes. Re-

cently, some of the haplotypes of IL4 were associated with

respiratory syncytial virus,29 multiple sclerosis,30 oral can-

cer,31 and systemic lupus erythematosus,32 indicating that

there could be important polymorphisms affecting the regu-

lation of this cytokine. However, a previous study failed to

find any association between polymorphisms within IL4 and

colorectal adenomas, considered the pre-cancerous lesion

for CRC.33 Thus, the data presented in the present study, com-

bined with the previous one, do not support a role of IL4 and

IL4R genes in the susceptibility to CRC. The heterozygous car-

riers of all the variants considered in this study are not at risk

for CRC. According to Breslow and Day,34 for a dominant mod-

el we had a 95% statistical power to detect a minimal OR of 2.2

using the rare polymorphism (the IL4R, C431R), and a minimal

OR of 1.8 for the most frequent SNP (i.e. IL4R, I75V).

It is worth stressing that the rare homozygotes for both

SNPs in IL4 show a more than doubled risk of CRC but these

ORs do not reach the statistical significance due to the small

number of subjects. However, there might be an increased

risk among women and especially for colon cancer, but not

for rectal cancer. Both SNPs in IL4 did not show a significant

association with poor prognosis for individuals homozygous

for the variants.

In summary, we could not detect an effect of the genetic

variants within IL4 and IL4R on colorectal cancer risk or over-

all survival in our population. We conclude that the genetic

variants we have investigated are not relevant to sporadic

colorectal cancer risk, or they have only an effect below the

above mentioned statistical thresholds. More studies are war-

ranted in the attempt to confirm the association between co-

lon cancer and homozygosity of IL4 polymorphisms among

women.
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