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Abstract

Background—Increased risk of renal cell carcinoma (RCC) with milk consumption has been

reported from observational studies including that involved here. Whether this represents causal
association or whether it is the result of confounding or bias is unclear. We aimed to assess the

potential for genetic variation in lactase persistence to be used as a tool for the interrogation of

these relationships.

Methods—Using a large, hospital based case control study, we use a combination of
observational genetic and phenotypic data to determine whether the MCM6 -13910 C/
T(rs4988235) variant may be used as an hon-confounded and unbiased marker for milk
consumption.
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Results—Consumption of milk during adulthood was associated with increased risk of RCC
(OR=1.3595% CI 1.03, 1.76 p=0.03). Among controls, consumption of milk was associated with
the lactase persistence genotype at rs4988235 (2.39[1.81, 3.15], p=6.9*10710), however the same
genotype was not associated with RCC (OR=1.01 95% CI 0.83, 1.22 p=0.9). In controls, milk
consumption was associated with confounding factors including smoking, and educational
attainment, while the lactase persistence genotype at rs4988235 genotype showed negligible
association with confounding factors.

Conclusions—The absence of an association between the MCM6 genotype and RCC suggests
that observational associations between milk consumption and RCC may be due to confounding or
bias. However, if the association between genotype and behavioral exposure is weak, then the
power of this test may be low. The nature of intermediate risk factor instrumentation is an
important consideration in the undertaking and interpretation of this type of causal analysis
experiment.
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Introduction

Consumption of milk has been reported to be a potential risk factor for renal cell carcinoma
(RCC)(1). The causality of this association is difficult to assess in the absence of
randomized control trials as milk consumption is likely to be associated with other dietary
and lifestyle factors that may themselves be associated with RCC. Other study designs
(prospective studies and population based case/control studies(2, 3)) can contribute to the
assessment of milk drinking as a risk factor for RCC, however these are subject to the
known limitations of observational epidemiology (4, 5) and where done, have not always
yielded corroboratory results(6).

A potential solution to this problem of confounding is Mendelian randomization (MR)(7, 8).
MR relies on the use of genetic markers associated with modifiable exposures of interest (in
this case milk drinking) as non-confounded and unbiased markers of exposure (Figure 1).
Assuming the genetic marker is not related to confounding features and is associated with
the outcome only through its association with the exposure, then identifying an association
between genotype and outcome will test the hypothesis of a true non-confounded association
between exposure and outcome(8).

At the level of the population, wide-spread habitual milk drinking is thought largely to
reflect the ability to hydrolyze lactose, the principal carbohydrate in milk(9). This ability is
lost after weaning in nearly all mammals and for most human populations and this loss is
associated with lactose intolerance. While most human populations have high prevalence of
lactose intolerance, Northern Europeans tend to have high proportions of lactose
tolerance(10). The latter reflects the persistence of the enzyme lactase into adulthood and is
thought to be derived from selective pressures brought about by the domestication of
livestock, generating strong patterns of advantage for this ability(11, 12).
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The population distribution of lactase persistence has been well traced, and a genetic variant
associated with lactase persistence has been identified(13). This association is derived from
an extended region of linkage disequilibrium (LD) on chromosome 2921 which contains the
associated variant ~14 kb upstream of the lactase coding region (LCT) in the MCM®6 gene.
Whilst two variants are recognized as associated with lactase persistence, the extended LD
in this region places the most correlated allele(14, 15) on a common haplotypic background
which captures nearly all variation in this region and denotes the select emergence of this
variant type. There is evidence for the association of the MCM®6 -13910 C/T (henceforth
termed rs4988235) variant with lactase persistence and at a population level there is a strong
association between prevalence of lactase persistence and consumption of milk. At an
individual level, however, work looking at the association between physically assessed
lactose tolerance and milk drinking has shown this relationship to be relatively weak(16-27).

We have previously reported an association between milk consumption and RCC in a
multicentre case-control study conducted in Russia, Czech Republic, Romania and
Poland(28). In this current analysis we investigate the relationship between MCM®6 variation
and actual milk consumption in efforts to clarify the potential for this variation to be used as
a proxy measure for this risk factor for RCC. We intend to then use this proxy measure as an
instrument to assess the causal nature of the association between milk consumption and
RCC risk. Given a confirmed relationship between genetically prescribed lactase persistence
and milk consumption, we aim to assess the association between RCC risk and the same
genetic variation acting as a proxy measure for milk consumption. Assuming that
assessment of milk consumption in this way will not suffer the same limitations seen in
conventional observational analyses, results from this analysis provide evidence for the
presence of causal a relationship between milk consumption and RCC risk. We hope also to
comment on the feasibility of using MCMBG6 variation as a marker of milk consumption and
through this make more general comments as to the importance of the genetic proxy/risk
factor relationship in the application of MR.

Materials and methods

The population

Between August 1999 and January 2003, we conducted a hospital-based case-control study
of RCC in Russia (Moscow); Romania (Bucharest); Poland (Lodz); and the Czech Republic
(Prague, Olomouc, Ceske Budejovice, and Brno). A total of 1,097 newly diagnosed and
histologically confirmed RCC cases (ICD-0-2 codes C64) between the ages of 20 and 79
years were recruited. Trained medical staff reviewed medical records to extract relevant
diagnostic information, including date and method of diagnosis, histologic type, tumour
location, stage and grade.

Eligible controls were patients admitted to the same hospital as cases for conditions
unrelated to smoking or genitourinary disorders (except for benign prostatic hyperplasia)
who were frequency-matched on age to cases. No single disease made up more than 20% of
the control group. Both cases and controls had to be residents of the study areas for at least
one year at the time of recruitment. The response rate among eligible subjects who were
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requested to participate ranged from 90.0% to 98.6% for cases and from 90.3% to 96.1% for
controls.

All study subjects and their physicians provided written informed consent. This study was
approved by the institutional review boards of all participating centers.

Standardized lifestyle and food frequency questionnaires were piloted in all centers prior to
use and interviews were conducted in-person by trained personnel to elicit information on
demographic characteristics, education, exposure to tobacco smoke, alcohol consumption,
dietary practices, anthropometry, medical history, family history, and occupational history.

Milk drinking and food consumption

Genotyping

Analyses

The dietary component of the questionnaire comprised 23 food items, with frequency of
consumption (and score) assessed for each item (never [0], <once per month [1], <once per
week [2], 1-2 times per week [3], 3-5 times per week [4], and daily [5]). The questionnaire
was repeated for two different time periods: 1) the year prior to interview, and 2) prior to
political and market changes in 1989 (1991 in Russia). These scores were united into the
groupings 0 versus 1+2+3+4+5 in order to yield a dichotomous assessment of adult milk
consumption which represented never versus ever consumption patterns. One subject had to
be excluded from milk analysis due to missing values. Information on lactose-free milk
consumption was not available.

After DNA extraction, genotyping for rs4988235 was performed by the 5’ nuclease assay
(TagMan). DNA from cases and controls were blinded and randomized on PCR plates to
avoid any potential bias and duplicate genotyping performed for a random 10% of the total
series for genotyping quality control. Genotyping call rates were similar for cases and
controls being > 95% for both the cases and controls that remained in our analysis.

From these samples, 953 cases and 2396 controls were available with observational data,
whilst for genetic analyses, 915 cases and 2346 controls were available with genotypes.

To test for a potential relationship between milk consumption and variation at MCM6, we
performed logistic regression of the dominant model coded genotypes at rs4988235 (i.e. CC
versus CT/TT, non-persistence versus any carriage of lactase persistence alleles) and
categorized milk drinking status. Analyses were performed both with and without the
covariates sex, alcohol consumption (ever/never), smoking (ever/never), the categorical
variable educational attainment (low/medium/high) and the continuous variable age. To test
for potential relationships between milk consumption/genotype and RCC including potential
confounders, we performed logistic regression of case/control status including the same
potentially confounding features.

For analyses across all studies, individual study estimates were combined by meta-analysis.
In this case, point estimates and standard errors derived from logistic regression were meta-
analyzed using a random effects model using the “metan” user-written command in
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Stata(29). With meta-analyzed results, both p-values for heterogeneity and an 12 statistic
representing the variance attributable to between study differences were simultaneously
calculated.

All statistics were performed using Stata version 10 (StataCorp LP, 2007).

Descriptive statistics and milk drinking profiles for all study participants are included in
Table 1 (characteristics for individuals without genetic data, n=~155 overall, did not vary
substantively for descriptive characteristics). Minor allele frequencies for rs4988235 within
controls were observed to be 0.28 in Romania, 0.40 in Poland, 0.35 in Russia and 0.46 in the
Czech Republic. The minor allele for all populations was the “T” (persistence) allele at
rs4988235, consistent with that in southern and eastern Europe, but opposite to that observed
in regions further north and west (the “C” allele was found at a frequency of 0.26 in the
UK(17)). No strong evidence for departure of recorded genotype frequencies from Hardy-
Weinberg equilibrium was found (p>0.05) except nominally in Romania (p=0.02). Whilst
country specific MAF estimates are different, they do reflect intermediate frequencies of the
order anticipated within Eastern European populations (Supplementary Table S1).

Differences were observed in the consumption patterns of milk in differing allele groups. In
controls, genotype was seen to be associated with milk drinking OR 2.39 [1.81, 3.15],
p=6.9*10"10, In all countries, a higher proportion of individuals reported never having
consumed milk within those carrying the reported lactase non-persistent CC genotype at
rs4988235 (Table 2). Tests of heterogeneity showed there to be no consistent evidence of
difference in the association between lactase persistence genotype and milk drinking
between countries (Table 2). Romania was the only country not to demonstrate association
between genotype and milk drinking tendency.

There was an elevated risk of RCC among those consuming milk as opposed to never
consumers (OR=1.35, 95% CI 1.03, 1.76 p=0.03). This was largely driven by the strong,
observed, relationship between milk consumption and cancer risk in the Czech Republic
(OR=1.68, 95% CI 1.13, 2.49 p=0.01) where the frequency of the lactase persistence driving
allele and adherence to it was the greatest (Table 3).

Despite observed differences between the risk of RCC with differing milk consumption
patterns and between lactase persistent genotype and milk consumption patterns, no
substantial differences were observed between rs4988235 genotype and the risk of RCC
either in analyses by country or in the sample as a whole (overall odds of RCC by genotypic
group OR=1.01, 95% CI 0.83, 1.22 p=0.9) (Table 4).

Analysis of variables which could potentially have confounded results between milk
consumption and the risk of RCC yielded evidence for association between educational
attainment (p=0.001) and milk consumption in all countries(Table 5). There was nominal,
although not systematic, representation of this relationship and others within results for
country specific data. The strongest of these was for the Czech Republic where, milk
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consumption was associated with educational attainment and smoking (p=0.02 and 0.007
respectively).

In contrast, analysis between rs4988235 genotype and the same potentially confounding
factors did not generally yield evidence of association. However, there was hominal
evidence for association of genotype with education (p=0.03, Table 5), which was largely
lost after country specific analysis.

Discussion

We aimed to analyze the relationship between milk consumption and RCC by employing a
MR framework in order to avoid confounding and bias that may be influencing
observational reports of a link between milk consumption and the risk of RCC. In this large,
case control study from 4 central and eastern European countries which have intermediate
frequencies for rs4988235, we found that whilst there was evidence for an association
between milk consumption and RCC, the use of a non-confounded, proxy marker of milk
consumption (i.e. a genetic marker associated with milk consumption levels) did not support
this finding.

Our study was designed to assess the relationships between milk drinking and RCC and to
bring to attention practical issues encountered in the application of Mendelian
randomization. Importantly, despite its size, our study had low power to detect or reject a
possible causal association between genotype and cancer. This was due to the relatively
weak relationship between the genotype and milk consumption (an often ignored
characteristic in the examination of lactase persistence genotypes) and the modest
observational association between milk consumption and RCC: a study with approximately
37000 cases and 37000 controls would be needed to achieve 80% power under the same
framework (see Supplementary material for method of calculation). Part of this impairment
of power is likely to be due to a large number of risk exposed control participants (those
who carried the lactase non-persistent genotype yet reported drinking milk) and this
illustrates the importance of correlation between genotype and risk factor of interest in MR
experiments.

A feature of these data was the apparent lack of association between lactase non-persistence
associated genotypes and milk avoidance in Romania. Romania was the only country in this
work not to show a robust relationship between variation at rs4988235 and milk drinking
behavior. We have no prior reason to expect different biological properties within this
population and this finding may indicate one of two likely scenarios. Firstly and most likely,
it may be that the combination of relative small sub-sample size and errors in the reporting
of milk drinking that are presenting as a lack of observed association. Alternatively, cultural
pressures may be acting to force a departure from the milk drinking behavior one would
expect given the presence of this variation. This is a phenomenon that has been used to
explain situations elsewhere where populations contain only rare lactase non-
persistence(17), however this mechanism could be in operation within populations of
intermediate allele frequency for this variant.
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A further observation of interest within this analysis was the nominal association between
the lactase persistence genotype and educational patterning across Europe. Relationships
between genetic variation and confounding features such as this can indicate an impairment
in their use as instrumental variables through the re-introduction of environmental
confounding(7). In this case it is unlikely that the observed trend has great impact on the
overall interpretation of the lack of association between MCM6 genotype and RCC risk,
however it is of interest in light of the use of rs4988235 as a population specific marker.
When looking at the descriptive properties of educational attainment (Table 1), there is a
suggestion for both difference between countries and the possibility of a gradient across
Europe (west/east for this factor as opposed to the accepted east/west for lactase
persistence(11)). With the expected gradient in lactase persistence allele frequencies by
geography (previously observed) being opposite to that suggested for educational
achievement, it becomes less surprising that some level of association is suggested between
MCMBG6 variation and this factor. However, relating to this study where there is no reliable
association between MCM6 genotypes and RCC risk, this observation may not be of critical
importance.

Important aspects raised by this work are sample size and what in this case may be loosely
termed the “penetrance” of genetic effect. In this study of over 900 cases of RCC, it is
possible to assess direct associations between risk exposure and outcome with reasonable
accuracy. However, it is has not been possible to achieve this for genetic proxy markers for
exposure (i.e. genetic markers predicting milk consumption) due to poor correlation between
genotype and exposure. Although we do observe a lack of association between milk
consumption related genotypes and RCC risk, the ability of this to comment directly on the
causality of putative observational associations between milk consumption and RCC risk, is
limited.

Based on evidence from the associations between genotype and both milk drinking and
cancer risk, work presented here may justify caution with respect to the interpretation of
associations between milk consumption and cancer risk. However, whilst the translation of
MCMBG variation to lactase persistence may yield true physiological relationships, these
appear not to strongly influence actual milk drinking patterns in the populations assessed
and this impairs the accuracy of our reassessment of milk as a risk factor for RCC.
Importantly, this work provides practical guidance for the employment of MR methods for
the dissection of more complex, binary traits. An important lesson from this analysis is that
in order to achieve suitable power to allow formal analysis of such an MR framework, clear
effects, robust instruments and large sample sizes are required.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Mendelian randomization framework for the analysis of RCC risk by milk
consumption

In this framework, the observational association between milk drinking and RCC is
scrutinized by the use of genetic variation that is related to the exposure of interest (milk
drinking) and potentially to the outcome of risk (RCC), but not to other possibly
confounding factors. As such, genotype may act here as an “instrument” for the
reassessment of the originally tentative observational finding.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2014 August 22.



syduosnuelA Joyiny sispun4 DA @doing ¢

syduasnuel Joyiny sispund JINd adoin3 ¢

Timpson et al.

Characteristics of the control participants in each of the 4 countries.

Country Variable C%S% Conrt]rols
Case/control status 953 2,396
(%) (28.5) (71.5)
Mean age 59.4 59.5
(95%Cl) (58.8,60.1) (59.1,59.9)
Sex 564 1,715
(% men) (59.2) (71.6)
all Education 293 601
(% high vs rest) (30.9) (25.2)
Alcohol drinking 94 203
(% never) (9.9) (8.5)
Tobacco smoking 447 834
(% never vs rest) (47.1) (34.8)
Milk consumption 841 2,030
(% ever) (88.3) (84.7)
Case/control status 90 178
(%) (33.6) (66.4)
Mean age 59.5 57.5
(95%Cl) (57.2,61.8) (55.8,59.3)
Sex 60 115
(% men) (66.7) (64.6)
: Education 26 30
Romania gy high vs rest) (28.9) (16.9)
Alcohol drinking 9 23
(% never) (10.0) (12.9)
Tobacco smoking 34 82
(% never vs rest) (37.8) (46.1)
Milk consumption 88 174
(% ever) (97.8) (97.8)
Case/control status 81 805
(%) (9.1) (90.9)
Mean age 59.9 59.7
(95%Cl) (57.8,62.0) (59.1, 60.4)
Sex 49 549
(% men) (60.5) (68.2)
Education 22 183
Poland (% high vs rest) 21.2) (22.8)
Alcohol drinking 7 56
(% never) (8.6) (7.0)
Tobacco smoking 30 228
(% never vs rest) (37.0) (28.3)
Milk consumption 69 690
(% ever) (85.2) (85.7)
Case/control status 288 797
(%) (26.5) (73.5)
Russ
ussa Mean age 58.5 59.2
(95%Cl) (57.2,59.7)  (58.5,59.9)
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Country Variable Ce;ses Conrt]rols

Sex 148 643

(% men) (51.4) (80.7)
Education 135 215

(% high vs rest) (46.9) (27.0)
Alcohol drinking 27 43

(% never) (9.4) (5.4)

Tobacco smoking 160 263

(% never vs rest) (55.6) (33.0)

Milk consumption 239 648

(% ever) (83.3) (81.3)
Case/control status 494 616

(%) (44.5) (55.5)

Mean age 59.9 60.1

(95%Cl) (59.0,60.8) (59.3,60.9)

Sex 307 408

(% men) (62.2) (66.2)

: Education 110 173

C.Republic o/ high vs rest) (22.5) (28.2)
Alcohol drinking 51 81

(% never) (10.4) (13.2)

Tobacco smoking 223 261

(% never vs rest) (45.4) (42.4)

Milk consumption 445 518

(% ever) (90.1) (84.1)

Page 12

(Milk consumption is defined from the categories: never [0], <once per month [1], <once per week [2], 1-2 times per week [3], 3-5 times per week
[4], and daily [5]). Scores are united into 0 versus 1+2+3+4+5.)
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