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Abstract

Short tandem repeats (STR) are common polymor-
phisms in the genome. The length of STR may
influence gene transcription, exhibiting diverse phe-
notypes. Two STRs, one trinucleotide repeats in the
androgen receptor (AR) gene and one dinucleotide
repeats in the insulin-like growth factor-I (IGF-I)
gene, have been studied for their role in cancer, and
the results are conflicting. Although there are many
reasons for inconsistent findings, laboratory issues
are often overlooked. DNA sizing analysis is regularly
used to determine the length of STR, but its analytic
validity has not been evaluated in epidemiologic
studies. To examine if sizing analysis can reliably
determine dinucleotide STR, we compared the method
with direct DNA sequencing in analyzing CA repeats
in the IGF-I gene in a small case-control study. The
study enrolled 75 breast cancer cases and 75 age- and
race-matched controls. DNA was extracted from buffy

coats and was analyzed for CA repeats by both DNA
sizing and direct sequencing. Our comparison indi-
cated that these methods detected the same number
of repeats in the short allele but not in the long allele.
There was a substantial discrepancy between the
methods in determining homozygous alleles. Although
the two methods showed <10% of samples having an
exact match on the number of repeats in both alleles,
both techniques were able to detect a genotype-
phenotype correlation and a racial disparity in the
genotype. An association between breast cancer risk
and IGF-I genotype was found in sequencing analysis
but not in sizing analysis. Overall, the comparison
suggests that laboratory analysis of dinucleotide STR
may not be as reliable as originally thought. This un-
reliability in STR analysis may result in inconsistent
study findings. (Cancer Epidemiol Biomarkers Prev
2004;13(12):2133–40)

Introduction

To elucidate the mechanism underlying gene-envi-
ronment interaction in carcinogenesis and an individu-
al’s susceptibility to cancer, two types of polymorphisms
have been studied extensively in molecular epidemiol-
ogy, single nucleotide polymorphisms and short tandem
repeats (STR). STR, composed of multiple dinucleotide,
trinucleotide, or tetranucleotide repeats, is a widely
spread genetic variation in the genome. An example of
the most investigated STR in cancer is the CAG repeats
in the androgen receptor (AR) gene. Laboratory experi-
ments show that the length of the repeats affects the
activity of gene transcription (i.e., the longer the repeats
the lower the transactivation; ref. 1). Based on the
finding, it is speculated that prostate cancer risk may

vary with the length of CAG repeats due to the role of
androgen receptor in the disease. This speculation has
been supported by some epidemiologic studies in which
longer CAG repeats are found to be associated with
lower risk of prostate cancer. However, not all epidemio-
logic studies have found evidence in support of this
relationship. In a recent article by Giovannucci (2), 12
published studies on this subject were discussed. One
third of the studies showed an association between CAG
repeats and prostate cancer risk, whereas two thirds did
not find the association. The inconsistency has been
attributed to the differences in study populations, which
include patient age as well as the time and method of
disease detection.

Whereas these variables are possible explanations for
the inconsistency, other reasons may also contribute to
the conflicting findings. One issue, which is often
overlooked in epidemiologic studies, is the laboratory
method used for STR analysis. STR is usually analyzed
by PCR followed by DNA sizing or fragment analysis,
which compares the molecular size of a PCR product
with a DNA standard of known size through gel
electrophoresis. Based on evaluations done under ideal
laboratory conditions, this method is generally believed
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to be reliable. However, the actual analytic sensitivity
and specificity of the method have not been rigorously
evaluated in epidemiologic studies, especially for dinu-
cleotide repeats. In a previous study, we found that CA
dinucleotide repeats in the insulin-like growth factor-I
(IGF-I) gene were associated with breast cancer risk and
were related to IGF-I phenotype in the circulation (3), but
these findings were not confirmed by other studies (4, 5).
In search for possible reasons for the inconsistent
findings, we noticed that different laboratory methods
were used for STR analysis. Therefore, to determine if the
difference in laboratory analysis is responsible for the
discrepancy in study results, we compared these meth-
ods (i.e. direct DNA sequencing and DNA sizing
analysis) with respect to their results of STR analysis in
the IGF-I gene as well as the association of this
polymorphism with breast cancer risk in a small case-
control study.

Materials and Methods

Study Subjects. Between October 1998 and October
2000, women diagnosed with primary breast cancer in
a breast clinic at Louisiana State University Health
Sciences Center in Shreveport were recruited for a pilot
case-control study, which was approved by the Institute
Review Board at Louisiana State University Health
Sciences Center. A total of 90 patients were enrolled in
the study during the time period. For each enrolled
patient, an age- (F5 years) and race-matched healthy
volunteer was recruited as a control. The control women
were identified either from healthy Louisiana State
University Health Sciences Center employees or women
who underwent a regular checkup at Louisiana State
University Health Sciences Center with no evidence of
breast cancer. All women enrolled in the study subse-
quently underwent an in-person interview with the use

of a structured questionnaire, eliciting information on
demographic features, menstrual and reproductive his-
tory, medical history, family history of cancer, and certain
lifestyle factors.

Specimen Analysis. A 7-mL blood sample was
collected from each study subject in a heparinized
vacutainer tube. Within 2 hours of collection, the samples
were centrifuged at 2,000 rpm for 15 minutes at 4jC.
Plasma and buffy coats were collected after centrifugation,
and the specimens were stored at �80jC until analysis.
Genomic DNA was extracted from buffy coats using a
commercial DNA extraction kit (Gentra Systems, MN).
Of the 90 matched cases and controls, 75 cases and
75 controls had DNA samples available for the study.
PCR was done to amplify the promoter region of the
IGF-I gene. The primer sequences were 5V-GCT AGC CAG
CTG GTG TTA TT-3V (forward) and 5V-ACC ACT CTG
GGA GAA GGG TA-3V (reverse). The PCR reaction was
carried out in a 50 AL solution containing 5 AL of 10� PCR
buffer with 200 mmol/L Tris-HCL and 500 mmol/L KCl,
5 AL of 10 mmol/L deoxynucleotide triphosphate
mixture, 1.5 AL of 50 mmol/L MgCl2, 2.5 AL each of
primers with 0.34 to 0.45 nmol/L oligonucleotides, 0.5 AL
(2.5 units) Taq polymerase (Life Technologies, MD),
5 AL sample with 5 to 10 ng genomic DNA, and 28 AL
autoclaved distilled water. The PCR procedure started
with sample denaturing at 94jC for 5 minutes, followed
by 30 cycles of denaturing at 94jC for 30 seconds,
annealing at 63jC for 35 seconds, and extension at 72jC
for 35 seconds, and a final extension at 72jC for 5 minutes.

The number of CA repeats in the IGF-I promoter was
determined by two different methods. One was PCR-
based direct DNA sequencing using the ABI Prism
377 DNA sequencer with forward primers (Applied Bio-
systems, CA). The number of CA repeats on each allele
was determined directly based on the sequencing results
(Fig. 1). For the short allele, the count of repeats started

Figure 1. Results of
direct DNA sequencing
analysis on three different
samples. Top, sequencing
from sample A with 15
and 16 CA repeats; mid-
dle, sequencing from
sample B with 18 and 19
CA repeats; bottom, se-
quencing from sample C
with 22 and 23 CA
repeats.
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from the 5V end and stopped at the 3V end where the last
CA did not overlap with other bases. For the long allele,
the count began at the same position as the short allele
but ended at the CA repeat that overlapped with other
bases. The second method used to determine the CA
polymorphism was DNA sizing analysis utilizing the
MicroGene Blaster automated sequencer (Visible Genet-
ics, Ontario). In the sizing analysis, the forward primers
in PCR were labeled with fluorescent dye Cy5.5 at the
5V end, and the fluorescence was captured by a detector
after laser excitation during electrophoresis (6). Two
molecular weight standards, one 150 bp and one 250 bp,
were included in the sequencing gel. The distances
between the peaks of a PCR product and two molecular
weight standards were used to determine the size of the
PCR product (Fig. 2). Based on the size, the number of
CA repeats was estimated. The sequencing analysis was
done in a service lab at the University of California,
Irvine. The sizing analysis was carried out at Mount
Sinai Hospital, University of Toronto. Both laboratories
analyzed the samples without information on the
specimens and knowledge of the study. The two
laboratories did the analysis at different times during
the study, and the numbers of samples being tested
were also different. Sequencing analysis was done
initially for 106 samples, and sizing analysis was done
later for 150 samples. Of these samples, 94 samples were
analyzed by both methods. Plasma concentrations of
IGF-I were measured to determine the phenotype of this
molecule in the circulation; the measurement was done
with the use of commercial immunoassay kits (Diag-
nostic Systems Laboratories, TX).

Statistical Analysis. The number of CA repeats in
each allele and the average number of repeats in both
alleles, (allele 1 + allele 2)/2, were compared between
the two analytic methods using the paired Student’s t
test. In the paired analysis, we assume that the longer
alleles determined by sequencing analysis were identical
to the longer alleles decided by sizing analysis. We also
assume that the average number of repeats bears no

difference between homozygous and heterozygous
alleles; however, this assumption may disguise the
difference between the two genotypes. The distributions
of CA repeats in each allele were also compared
between cases and controls using the Wilcoxon rank
sum test. The association of CA repeats with breast
cancer risk was examined by calculating odds ratio (OR)
and their 95% confidence interval (CI) using the
unconditional logistic regression model. In the regres-
sion analysis, CA repeats were analyzed as categorical
variables, which included (a) homozygous versus
heterozygous alleles (only from the DNA sizing analy-
sis), (b) presence of the 19 repeats in either allele versus
absence of the 19 repeats in both alleles, (c) presence of
the 18 repeats in either allele versus absence of the 18
repeats in both alleles, (d) <17 CA repeats versus z17
CA repeats in the short allele, (e) z20 CA repeats versus
<20 CA repeats in the long allele, and (f) three groups of
average repeats in both alleles. For sizing analysis, the
groups of average repeats were V17, 17.5, and z18. For
sequencing analysis, the groups were V18, 18.5, and z19
repeats. These classifications were based on the tertile
distribution of the repeats in the control group. In
multivariate analysis, the model was adjusted for age,
race, body mass index, menopausal status, age at
menarche, and age at first live birth. Spearman cor-
relation coefficients were calculated to assess the
correlation between IGF-I genotype and phenotype.

Results

DNA Sizing Analysis. The results of sizing analysis
showed that 59.3% of the samples (89 of 150) were homo-
zygous and 40.7% were heterozygous (61 of 150). The
median CA repeats were 18 for homozygous and 17 (short
allele) and 19 (long allele) for heterozygous, ranging
from 15 and 23 (Table 1). The distributions of CA repeats
were not substantially different between cases and
controls both in homozygous and heterozygous samples
(Fig. 3A and B).

Figure 2. Results of
DNA sizing analysis on
three different samples.
Top, sizing analysis
from sample D, which
is homozygous with 189
bp; upper middle, sizing
analysis from sample E,
which is homozygous
with 187 bp; lower mid-
dle, sizing analysis from
sample F, which is het-
erozygous with 183 and
197 bp; bottom, molec-
ular size standards with-
out DNA samples.
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DNA Sequencing Analysis. Using direct DNA se-
quencing, we found no samples having homozygous
alleles. The range of CA repeats determined by sequenc-
ing was between 15 and 23, which was similar to the
range determined by sizing analysis. The median num-
bers of CA repeats were 18 for the short allele and 19 for
the long allele (Table 1). Cases and controls did not show
significant differences in the distribution of CA repeats
(Fig. 3C and D). In comparison of sequencing with sizing
analysis, it seems that the discrepancy in CA distribution
between cases and controls is more evident in sequenc-
ing data than in sizing data (Fig. 3).

Method Comparison. Tables 2 and 3 show the results
of method comparison. A total of 94 DNA samples were
analyzed by both sequencing and sizing methods. These
analyses generated similar results on the short allele.
The average numbers of CA repeats in the short allele
were 17.2 by direct sequencing and 17.3 by sizing ana-
lysis (P = 0.287). For the long allele, the results were quite
different. On average, sequencing results were one CA
repeat longer than sizing results, 19.4 versus 18.3,
respectively (P < 0.001). Because the comparisons were
done among all subjects, including those with homozy-
gous alleles determined by sizing analysis, we further
compared the methods among heterozygous women
only. The results were similar: no difference in the short
allele (P = 0.661), but significant discrepancy in the long
allele (P < 0.001). The average numbers of repeats in
both alleles were also significantly different between the
methods. This was probably due to the difference in the
long allele.

Table 3 shows the difference of CA repeats between
alleles determined by both methods. Of the samples that
were homozygous by sizing analysis, 29 samples had one-
repeat difference between alleles and 30 samples had two-
repeat difference when the samples were analyzed by
direct sequencing. Among the heterozygous samples,
there were 12 samples that had the same allelic difference

in CA repeats between the two methods, including 5
samples with two-repeat difference, 3 with three-repeat
difference, 3 with four-repeat difference, and 1 with five-
repeat difference. Of the 12 samples that had the same
allelic difference in CA repeats, only 8 had exactly the
same number of repeats by both methods. Thus, the
absolute agreement between the two methods was only
8.5%. Overall, direct sequencing tended to detect more
allelic difference in CA repeats than sizing analysis.

Genotype Versus Phenotype. The correlation be-
tween IGF-I genotype and phenotype was examined
among all control subjects whose samples were ana-
lyzed by both methods. The results of the analysis are
shown in Table 4. IGF-I phenotype in the circulation
was correlated with IGF-I genotype in the long or both
alleles but not in the short allele alone. Longer repeats
in long or both alleles were correlated with lower levels
of circulating IGF-I; this correlation was seen consis-
tently in both sequencing and sizing analyses.

Disease Association. The association between breast
cancer risk and IGF-I genotype was analyzed using
categorical variables described earlier. The analysis
showed that breast cancer risk was not associated with
any categories of IGF-I genotype determined by sizing
analysis (Table 5). However, when using the genotype
data from direct sequencing, women with 19 CA repeats
in either allele had a 2-fold increase in risk for breast
cancer compared with those without 19 repeats in either
of the alleles. Moreover, this finding did not change sub-
stantially when potential confounding variables and risk
factors were adjusted in the analysis, including age, race,
body mass index, menopausal status, age at menarche,
and age at first live birth. Further adjusting for cir-
culating levels of IGF-I also did not change the results
(data not shown).

Genotype and Race. Over 60% of the study subjects
were African American women. Thus, racial differences
in relation to IGF-I genotype were examined. The results
suggested that African Americans had fewer numbers
of CA repeats than their Caucasian counterparts; over
50% of African Americans were in the category of short
average repeats compared with <13% of Caucasians in
the same category (P < 0.01). When comparing the
median number of repeats in the short allele, African
Americans had 17 repeats, whereas Caucasians had
18 zrepeats (P < 0.01; Table 6). Also, fewer Blacks than
Whites had 18 CA repeats in either allele (P < 0.05).
These results were the same regardless of which geno-
typing method was used. However, there was a method
difference when comparing 19 repeats between races.
Using sizing analysis, the distribution of 19 repeats was
similar between racial groups, but in sequencing ana-
lysis, more Whites than Blacks had 19 alleles and the
racial difference was significant (P = 0.01; Table 6). The
substantial change in 19 repeats among Whites from
9.4% in sizing analysis to 65.2% in sequencing analysis
may be partially due to the method in detecting homo-
zygous alleles. Sizing analysis detected 53.2% of Blacks
but 84.4% of Whites having homozygous alleles; the
difference was significant (P = 0.004). This racial
difference in the distribution of 19 repeats could have a
confounding effect on the analysis of breast cancer in
relation to IGF-I genotype. Thus, the interpretation of the
association should be cautious.

Table 1. Distribution of CA repeats in the IGF-I gene
among all subjects

No. CA
repeats

Homozygous,
n (%)

Heterozygous, n (%)

Short allele Long allele

Sizing analysis (n = 150)
15 1 (1.1) 14 (23.0)
16 2 (2.3) 14 (23.0)
17 32 (36.0) 16 (26.2) 2 (3.3)
18 47 (52.8) 15 (24.6) 16 (26.2)
19 4 (4.5) 1 (1.6) 17 (27.9)
20 2 (2.3) 1 (1.6) 18 (29.5)
21 1 (1.1) 4 (6.6)
22 3 (4.9)
23 1 (1.6)

Sequencing analysis (n = 106)
15 12 (11.3)
16 7 (6.6) 1 (0.9)
17 32 (30.2) 1 (0.9)
18 49 (46.2) 9 (8.5)
19 5 (4.7) 51 (48.1)
20 1 (0.9) 30 (28.3)
21 10 (9.4)
22 3 (2.8)
23 1 (0.9)
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Discussion

In this study, IGF-I genotype was found to be associated
with IGF-I phenotype; higher numbers of CA dinucleo-
tide repeats in the promoter region of the IGF-I gene
were correlated with lower levels of IGF-I in the cir-
culation. This correlation suggests that the length of
CA repeats may adversely affect the activity of IGF-I
transcription, and the direction of the influence is in
agreement with what has been found for this type of
polymorphism in the epidermal growth factor receptor
(EGFR) gene, which is also involved in mitogenic
signaling (7). In addition to its association with pheno-
type, IGF-I genotype was also different between racial
groups; African Americans had shorter CA repeats than
Caucasians. Furthermore, the study indicated that this
polymorphism might be associated with breast cancer
risk, although the association was not seen consistently
between laboratory methods used for genotyping.

Our method comparison indicated that genotyping
results could substantially differ when different labo-
ratory methods were used to determine STR. Interest-
ingly, the discrepancy in genotyping exists mainly in
one allele. The study did not show any difference in the
number of CA repeats in the short allele but substantial
discrepancy in the long allele. On average, sequencing
method reported one repeat longer than sizing analysis.
This discrepancy seems to suggest that direct DNA
sequencing is more sensitive than sizing analysis in
detecting polymorphic dinucleotide STR. However, the
results may also indicate that the sequencing method
is over sensitive, which makes it incapable of identifying
homozygous alleles. Our comparison showed that sizing
analysis found nearly 60% of the samples to be
homozygous, whereas using the strategy described in
the Materials and Methods section to determine the num-
ber of repeats, sequencing analysis did not detect a single
sample with homozygous alleles. It is known that the
sequencing method is not perfect for STR analysis
because errors may occur during DNA synthesis causing
certain uncertainties. Whereas sequencing analysis has
limitations in determining homozygous samples, DNA
sizing analysis also has problems in distinguishing
heterozygous specimens. Sizing analysis may miss cer-
tain heterozygous alleles because small peaks sometimes
are difficult to detect or electrophoretic mobility may
shift due to some unknown reasons.

Although both methods have limitations, our further
comparison of the results and review of literature reveal
several interesting observations. First, when comparing
the genotyping results of the short allele, the two methods
showed no difference; sequencing data matched with the
sizing results, suggesting that the sequencing method
may be reliable in analyzing the short allele. With regard
to the long allele, although sequencing data tended to
have one or two repeats longer than the sizing data, the

Figure 3. Distributions of CA repeats between cases and con-
trols. A. Distributions of sizing analysis on homozygous sam-
ples. B. Distributions of sizing analysis on heterozygous
samples. C. Distributions of sequencing analysis on the short
alleles. D. Distributions of sequencing analysis on the long
alleles.
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discrepancies were quite consistent without exceptions.
Furthermore, both methods showed that the number of
CA repeats in the long allele was inversely correlated
with IGF-I levels in the circulation, suggesting that both
methods are capable of detecting the correlation between
genotype and phenotype. The possible link between IGF-I
genotype in CA repeats and IGF-I phenotype in the cir-
culation was also indicated in another larger study in-
volving more than 400 women; the study found that
IGF-I concentrations were 179 ng/mL in women with
18 of 19 genotype, 173 in 19 of 19, 169 in 19 of 20, 166 in
19 of 21, 149 in 20 of 20, and 153 in others (P for trend =
0.08; ref. 4). This trend could be more evident if the
analysis had excluded the last category ‘‘others’’ because
it contained subjects who had alleles shorter than 18.
Although not all studies found this genotype-phenotype
association, different methods used to determine cir-
culating levels of IGF-I and diverse study populations
could affect the observation.

Second, we observed a distinct racial difference in
IGF-I genotype; African Americans had fewer repeats
than Caucasians. This racial variation was seen consis-
tently with both genotyping methods, suggesting that
these methods are comparable when assessing the geno-

type in relation to important covariables, such as racial
ethnicity. The racial discrepancy in IGF-I genotype has
been similarly observed in other studies. Jernstrom et al.
(8) found that more Blacks than Whites had CA repeats
V18 in the IGF-I gene (24.3% versus 6.6%). The same
study also showed that Blacks had higher plasma levels
of IGF-I than Whites. Given the inverse correlation be-
tween IGF-I genotype and phenotype, higher circulating
IGF-I in Blacks than in Whites should be expected. A
similar racial disparity in IGF-I genotype was also seen
in another study, which compared the CA polymor-
phism between 646 White and 165 Black premenopausal
women (9). Takacs et al. found that 43.5% of Blacks, but
only 9.5% of Whites, had CA repeat size of 190 bp or
smaller (V18 repeats). In that study, the most common
size of CA repeats among Caucasians was 192 bp (19
repeats), of which 63.5% of Whites had this size whereas
only 29.4% of Blacks had the same genotype.

Finally, in our study, sequencing results showed that
women with 19 CA repeats in either allele were at higher
risk for breast cancer compared with those without 19
repeats in either allele. However, the same association
was not seen when the polymorphism was determined
by sizing analysis. Using the same sizing analysis
technique, two other studies also found no association
between IGF-I genotype and breast cancer risk (4, 5),
although one of the studies did show an insignificantly
elevated risk (OR, 1.41; 95% CI, 0.91-2.18). One might
consider that our findings of the association between
IGF-I genotype and breast cancer risk were due to chance
or to the unreliable sequencing method. However,
several lines of evidence suggest that IGF-I genotype
may have important biological implications.

Vaessen et al. (10) reported that in a study of 900 Dutch
men and women (60% females), individuals with 192-bp
genotype (19 repeats) of IGF-I had 2.7 cm higher body
length than those with different genotypes. Furthermore,
in a sample of 150 individuals randomly selected from the
study population, the researchers found that serum levels
of IGF-I were varied by its genotype; individuals with
the genotype of 192 bp had 18% higher serum levels of
IGF-I than those without the genotype (10). The same
research group further showed in a different study an
association between IGF-I genotype and birth weight; it
was found that individuals without the 192 genotype had
215 g lower birth weight than those with the genotype (11).
Thus, both studies suggest that the STR polymorphism

Table 2. Comparison of CA repeats between sequencing
and sizing analyses

Category Sequence* Sizingc Differenceb P x

All subjects (n = 94)
Short allele 17.2 17.3 �0.04 0.287
Long allele 19.4 18.3 1.12 <0.001
Both allelek 18.3 17.8 0.54 <0.001

Heterozygous subjects (n = 35)
Short allele 16.5 16.5 �0.03 0.661
Long allele 19.8 19.3 0.54 <0.001
Both allelek 18.1 17.9 0.26 0.002

*Sequence: average number of CA repeats determined by sequencing
analysis.
cSizing: average number of CA repeats determined by sizing analysis.
bDifference: average number of difference in CA repeats between se-
quencing analysis and sizing analysis.
xP , paired Student’s t test.
kBoth allele: average number of CA repeats in both allele, (allele 1 + allele 2)/2.

Table 3. Comparison of allele difference between
sequencing and sizing analyses

Allele difference
by sizing analysis

Allele difference by sequencing analysis

1 2 3 4 5 8

Homozygous 29 30
Heterozygous 2

CA repeats
2 5 14

Heterozygous 3
CA repeats

3 2 1

Heterozygous 4
CA repeats

3 3

Heterozygous 5
CA repeats

1

Heterozygous 7
CA repeats

1

NOTE: Allele difference in the number of CA repeats.

Table 4. Correlation between IGF-I genotype and
phenotype among control subjects

Correlation with
IGF-I levels (ng/mL)

IGF genotype

Short allele Long allele Both allele*

Sizing analysis (n = 49)
Correlation coefficientc �0.23 �0.31 �0.37
P 0.112 0.032 0.010

Sequencing analysis (n = 49)
Correlation coefficientc �0.14 �0.35 �0.36
P 0.341 0.014 0.011

*Both allele: average number of CA repeats in both allele, (allele 1 +
allele 2)/2.
cSpearman correlation.
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in the IGF-I promoter, particularly the 19 CA repeats,
not only affects IGF-I phenotype in the circulation but
also has subsequent impacts on infant development and
growth. A study of selected children born at low
gestational age by Arends et al. (12) found that another
STR in the IGF-I gene, located between exon 2 and 3,
was associated with some interesting phenotypic fea-
tures; children carrying the allele of 191 bp (wild-type
189 bp) had substantially lower levels of circulating
IGF-I and a smaller head circumference than those not
carrying this allele. Because the two polymorphic
regions are very close to one another, the authors
suspect that functional variant genotypes may exist in
the region between IGF-I promoter and exon 3 (12).

It is interesting to note that the finding of IGF-I geno-
type in relation to anthropometric features at birth sup-
ports the associations between breast cancer and birth
characteristics. A number of large epidemiologic inves-
tigations have shown that birth weight is associated with
breast cancer risk. Women with higher birth weight have
an elevated risk for breast cancer, and the relationship
seems to be dose dependent (13-16). Two recent studies
further indicate that body length and head circumference
at birth are also associated with breast cancer risk later in
life; women who have a longer body length or a larger
head circumference at birth have increased risk for breast
cancer (17, 18). Because these anthropometric features
are believed to be the consequence of strong growth
stimulation, mitogenic growth factor IGF-I is suspected
to play a role in these relationships. The role of IGF-I in
cancer has been suggested by a large body of evidence
both from laboratory experiments and epidemiologic
observations (19). Several epidemiologic studies have
shown that high IGF-I in adult circulation is a risk factor
for breast cancer, especially among premenopausal
women (20-25). Given these apparently interrelated
relationships, it is important to determine if the associ-
ation between fetal anthropometrics and breast cancer

risk is due to long-term exposure to IGF-I at relatively
high levels or to strong mitogenic stimulation involving
IGF-I during early life development and growth.

As discussed earlier, our study showed different STR
results when using direct DNA sequencing versus
DNA sizing analysis. Interestingly, the discrepancy in
STR results does not affect the finding of a correlation
between IGF-I genotype and phenotype as well as the
association of genotype with race. However, a difference
in the relationship with breast cancer risk was detected. It
is possible to argue that sequencing data are not reliable
for STR genotyping, yet the association between IGF-I
genotype and breast cancer risk seems to be supported by
circumstantial evidence presented above. The difference
in STR genotyping exists not only between the methods
of sequencing and sizing analysis but also within the
method of sizing analysis itself. With the use of the same
primers, some studies found that the PCR product of
192 bp was the most common genotype (10, 26, 27),
whereas others including ours showed that 189 bp was the
most frequent IGF-I genotype (28). This inconsistency is
probably due to the use of different DNA standards.
Our method comparison also indicates that sizing analysis
may be less sensitive in identifying repeat differences
between alleles because there is only one heterozygous
subject in our study who has one CA repeat difference
between alleles; the majority of heterozygous samples
had at least two-repeat difference between alleles. The
lack of sensitivity of sizing analysis may result in mis-
classifications not only on the status of zygosity but also
on the distributions of CA repeats, both of which may
diminish the ability of a study in detecting an association
between IGF-I genotype and breast cancer risk.

Although there are a number of interesting findings
in the study, the observations are based on a very small
sample size. Multiple testing may further reduce the
study power. Thus, the study results should be inter-
preted cautiously. In summary, the study showed some
evidence that IGF-I genotype in the promoter region

Table 5. Association between IGF-I genotype and breast cancer risk

Genotype Sequencing analysis Sizing analysis

OR* (95% CI) ORc (95% CI) OR* (95% CI) ORc (95% CI)

CA 18 (no)b 1.00 1.00 1.00 1.00
CA 18 (yes) 0.54 (0.25-1.17) 0.54 (0.22-1.30) 1.13 (0.59-2.15) 1.13 (0.53-2.43)
CA 19 (no)x 1.00 1.00 1.00 1.00
CA 19 (yes) 2.15 (0.99-4.68) 2.51 (1.03-6.13) 1.17 (0.47-2.90) 1.19 (0.44-3.19)
CA 17 (no)k 1.00 1.00 1.00 1.00
CA 17 (yes) 0.88 (0.33-2.38) 0.65 (0.20-2.07) 1.85 (0.53-2.64) 1.00 (0.41-2.45)
CA 20 (no){ 1.00 1.00 1.00 1.00
CA 20 (yes) 0.73 (0.34-1.59) 0.82 (0.34-1.92) 1.53 (0.68-3.47) 1.26 (0.50-3.18)
Both allele (short)** 1.00 1.00 1.00 1.00
Both allele (medium) 0.73 (0.29-1.82) 0.80 (0.27-2.38) 0.71 (0.34-1.48) 0.81 (0.35-1.83)
Both allele (long) 0.72 (0.28-1.83) 0.83 (0.29-2.35) 1.49 (0.61-3.63) 1.39 (0.52-3.74)
Homozygous 1.00 1.00
Heterozygous 1.77 (0.91-3.43) 1.58 (0.76-3.32)

*OR derived from unconditional logistic regression models without adjustment.
cOR derived from unconditional logistic regression models with adjustment for age, race, body mass index, menopause, age at menarche, age at first
live birth.
bCA 18: CA repeat number is 18 in either alleles.
xCA 19: CA repeat number is 19 in either alleles.
kCA 17: CA repeat number is <17 in short allele.
{CA 20: CA repeat number is z20 in long allele.
**Both allele: average number of CA repeats in both alleles, (allele 1 + allele 2)/2.
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containing CA repeats was associated with IGF-I pheno-
type in the circulation and was different between racial
groups. A possible link between IGF-I genotype and breast
cancer risk was suggested when the genotype was deter-
mined by DNA sequencing, but a similar result was not
found when DNA sizing analysis was used for genotyp-
ing. Although DNA sizing analysis is the method of choice
in analyzing STR polymorphism, our method comparison
indicates that this method may not be as reliable as origi-
nally thought in detecting small allelic difference. Because
this weakness in methodology is likely to introduce errors
in the classification of genotype, misclassification bias
should be considered a possible explanation for many
inconsistent findings in molecular epidemiologic studies.
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Table 6. IGF-I genotype by race among control
subjects

Genotype* Black White Pc

Sizing analysis
CA 18 (no) 32 (68.1) 7 (21.9)
CA 18 (yes) 15 (31.9) 25 (78.1) <0.001
CA 19 (no) 39 (83.0) 29 (90.6)
CA 19 (yes) 8 (17.0) 3 (9.4) 0.335
CA 17 (no) 34 (72.3) 30 (93.8)
CA 17 (yes) 13 (27.7) 2 (6.2) 0.017
CA 20 (no) 37 (78.7) 29 (90.6)
CA 20 (yes) 10 (21.3) 3 (9.4) 0.161
Both allele (short) 24 (51.1) 4 (12.5)
Both allele (medium) 15 (31.9) 23 (71.9)
Both allele (long) 8 (17.0) 5 (15.6) <0.001
Homozygous 25 (53.2) 27 (84.4)
Heterozygous 22 (46.8) 5 (15.6) 0.004

Sequencing analysis
CA 18 (no) 15 (50.0) 5 (21.7)
CA 18 (yes) 15 (50.0) 18 (78.3) 0.035
CA 19 (no) 22 (73.3) 8 (34.8)
CA 19 (yes) 8 (26.7) 15 (65.2) 0.005
CA 17 (no) 22 (73.3) 21 (91.3)
CA 17 (yes) 8 (26.7) 2 (8.7) 0.098
CA 20 (no) 14 (46.7) 15 (65.2)
CA 20 (yes) 16 (53.3) 8 (34.8) 0.179
Both allele (short) 15 (50.0) 3 (13.0)
Both allele (medium) 5 (16.7) 13 (56.5)
Both allele (long) 10 (33.3) 7 (30.4) 0.003

Sizing analysis
Short allele 17 18 <0.001
Long allele 18 18 0.669
Both allele 17 18 0.008

Sequencing analysis
Short allele 17 18 0.001
Long allele 20 19 0.397
Both allele 18.3 18.5 0.208

NOTE: Values are n (%) or median, where applicable.
*m2 test used for categorical data and Wilcoxon rank sum test used for
continuous variable.
cSee Table 5 for category definition.
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