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Comparison Between Southern Blots and gPCR Analysis
of Leukocyte Telomere Length in the Health ABC Study
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Only a few studies, primarily limited to small samples, have examined the relationship between leukocyte telomere
length (LTL) data generated by Southern blots, expressed in kilobases, versus quantitative PCR data, expressed in the
telomere product/a single gene product (T/S). In the present study, we compared LTL data generated by the two methods
in 681 elderly participants (50% African Americans, 50% of European origin, 49.2% women, mean age 73.7 2.9 years)
in the Health Aging and Body Composition Study. The correlation between the data generated by the two methods was
modest (R? = .27). Both methods captured the age effect on LTL and the longer LTL in women than in men. However,
only the Southern blot method showed a significantly longer LTL in African Americans than in European decent indi-
viduals, which might be attributed to the larger measurement error of the quantitative PCR-based method than the

Southern blots.
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EUKOCYTE telomere length (LTL) is heritable (1-3),

inversely related to age, and is typically longer in
women than in men (4-8). However, inconsistent findings
have been reported about whether there is a difference in
LTL between African Americans (AfAms) and European
decent individuals (EDIs). Studies that measured LTL by
Southern blots of the mean length of the terminal restriction
fragments (TRFs) reported that LTL was longer in AfAms
than EDIs (9,10). In contrast, studies using the quantitative
PCR (qPCR)-based method to quantify telomere DNA con-
tent (expressed in telomere DNA [T]/reference single gene
[S] ratio) in leukocytes reported mixed findings. Some of
these studies found a lower leukocyte T/S ratio in AfAms
than EDIs (7,11), whereas others observed a higher T/S
ratio in AfAms than EDIs (4,9,12). Whether LTL is related
to age, sex, and ethnicity is highly relevant because a shorter
LTL has been linked to cardiovascular disease, primarily in
EDIs (13). In this study, we have leveraged existing data
and leukocyte DNA samples from the Health Aging and

Body Composition (ABC) Study (14) to (a) examine the
relationship between LTL data derived from Southern blots
versus that derived from of the qPCR method in a sample
comprising both AfAms and EDIs and (b) examine the
association of LTL data derived from both measurement
techniques with age, sex, and ethnicity.

METHODS

Participants

The Health ABC Study is a longitudinal study compris-
ing 3,075 elderly individuals (50% men, 40% AfAms,
aged 70-79 years at baseline examination), who have
been residing in Pittsburgh, Pennsylvania, and Memphis,
Tennessee. The design, sampling strategies, and examina-
tion techniques of the cohort have been described previ-
ously (14). All participants gave their written informed
consent, and the Institutional Review Board of the
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University of Pittsburgh and the University of Tennessee
approved the study.

Comparisons of LTL measurements by Southern blots
and qPCR were performed in a subset of the cohort,
comprising 681 participants (50% AfAms, 50% EDIs,
49.2% women, mean age 73.7+2.9 years). DNA samples
for measurements of LTL by Southern blot analysis were
selected based on the availability of DNA and prior results
in the database of the Health ABC Study of leukocyte T/S
ratio (Table 1). Samples were only included in this study if
LTL was measured using both methods.

Measurements of LTL

The T/S ratio (15), measured by qPCR, and the mean
TRF length (16), measured by Southern blot, were obtained
as previously described. The measurement error, expressed
in the interassay coefficient of variation (CV), of the qPCR
data was 5.8% in all participants in the Health ABC cohort
in whom mean LTL was measured at baseline (17). T/S
ratio was determined in DNA that was collected at baseline
(mean age of participants 73.7 + 2.9 years); TRF length was
measured in DNA that was collected in the second year of
data collection (mean age 74.7+2.9 years). Only mean T/S
values were available in the database of the Health ABC
Study. The Southern blots were performed in duplicate on
different gels and occasions. The interassay CV of these
duplicates was 1.5%.

Data Analysis

Linear regression was used to obtain the correlation
between the methods of T/S ratio and the mean TRF length,
both in a univariate model and a multivariate model. As
measures of LTL by both qPCR and Southern blot were not
normally distributed, we performed regression analyses on
inverse transformed values. To assess the associations of
LTL (as dependent variable) with age, sex, and ethnicity, we
used a multivariate linear regression model. For analyses

Table 1. Baseline Parameters of 681 Health Aging and Body
Composition Participants That Were Included in This Study

EDIs (N = 340), AfAms (N = 341),

Parameter mean (SD) mean (SD)
Age (y) 73.7(2.9) 73.6 (2.8)
BMI (kg/m?) 26.7 (4.3) 28.9(5.3)
N (%) N (%)

Female participants 171 (50.3) 164 (48.1)
Smoking 189 (55.6) 190 (55.7)
LTL Median Median
qPCR (T/S ratio) 1.09 1.12
Southern blots (kb)* 6.01 6.22

Notes: AfAms = African Americans; BMI = body mass index; EDIs =
European descent individuals; LTL = leukocyte telomere length; qPCR = quan-
titative PCR.

*Measured in DNA from the second year of data collection.

related to T/S ratio, we added the batch number as a covari-
ate in the model to account for batch effects. Statistical
analyses were performed using the Statistical Package for
the Social Sciences (version 19). Population characteristics
were described using mean and SD (for normally distrib-
uted variables), median (for the LTL measures that failed to
satisfy the assumption of normality), and number and fre-
quency (for categorical variables). Statistical significance
was set at p < .05.

RESULTS

General Characteristics

The AfAm and EDI subcohorts were of similar age and
displayed similar sex ratios (Table 1). Our sample displayed
a narrow age range of about a decade and wide interindi-
vidual variation in LTL.

Correlation between the gPCR and Southern blot data.—
The linear relation between the TRF length and the T/S
ratio, although highly significant, was modest (R*> = .27,
Figure 1). Adjusting for age, sex, and ethnicity did not
change the correlation (R? = .27). We also tested a curvi-
linear model but found no improvement in the correlation.

The associations of LTL (based on gPCR and Southern
blot data) with age, sex, and ethnicity.—In spite the narrow
age range of the cohort, both the T/S ratio and the mean TRF
length showed significant and inverse association with age
(p = .04 for gPCR values and p = .009 for Southern blot
measures; Table 2). Multivariate adjustment by sex and
ethnicity attenuated the association with a p = .07 for gPCR
values and a p = .02 for Southern blot measures. In addition,
based on both the T/S ratio and the mean TRF length, women
displayed a significantly longer univariate- and multivariate-
adjusted LTL compared with men (p = .001 [univariate] and
p = .002 [multivariate] for gPCR measures and p < .0001
for Southern blot measures; Figure 2). However, although
the Southern blot data showed a significant association for
ethnicity with LTL, with AfAms displaying a longer LTL
than for EDIs (p < .0001; Figure 3), based on the qPCR data,
the association between ethnicity and LTL was not significant
(p=.13; Figure 2). Adjustment for sex and age did not change
these association for both gPCR and Southern blots.

DiscussIoN

This is the largest study that has compared LTL, measured
by qPCR, with that measured by Southern blots. Previous
work, limited to small sample size, showed stronger corre-
lations of the T/S ratio with the mean TRF length data (R* =
.68-.83) than the present work (15,18-20). Moreover, two
of these works (19,20) found that the best fit of the relation
between the Southern blot and qPCR data was curvilinear.
Close inspection of the other two studies (15,18) suggests a
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Figure 1. The relation between mean terminal restriction fragment (TRF) length and the T/S ratio in 679 participants. Analyses were adjusted for batch effect in
the quantitative PCR measurements. Two outliers were excluded as their T/S ratios were four times the SD away from the mean.

Table 2. Association of Age With LTL Length, Measured by T/S
Ratio and TRF Length

Parameter Beta (SD) p Value
T/S ratio —-0.73 (0.38) .04
T/S ratio, adjusted model* —-0.63 (0.38) .07
TRF length -0.43 (0.22) .009
TRF length, adjusted model” -0.39 (0.22) .02

Notes: LTL = leukocyte telomere length; TRF = terminal restriction
fragment.

*Adjusted for batch, sex, and ethnicity.

"Adjusted for sex and ethnicity.

similar trend. In the present study, a linear model showed a
comparable estimate with a curvilinear model.

As the mean age of participants in the Health ABC Study
is high (73.7+2.9 years), a survival bias that affects the
results cannot be excluded. Individuals that died prior to
reaching age 70 could never have been selected for this
elderly Health ABC cohort, leaving in the “survivors” with
relatively longer telomeres and a narrower range in LTL.
However, our study aims to investigate the relationship of
the two measures of LTL, and all samples with the same
survival bias are included in both the Southern blot meas-
urements and the qPCR measurements.

Cross-sectionally, our sample displayed a narrow age
range of about a decade and wide interindividual variation
in LTL. Yet, in spite of only modest correlation between
the mean TRF length and T/S ratio, both the qPCR and
Southern blot data showed that LTL was inversely cor-
related with age and that women had a longer LTL than
men. However, although the Southern blot method easily
detected a significantly longer LTL in AfAms than EDIs,
the qPCR-based method detected a nonsignificant differ-
ence between the two ethnic groups.

One potential explanation for the discrepancy between
the qPCR and Southern blot data in general and with
respect to ethnicity is that while the qPCR method only
measures the canonical region (strictly TTAGGG repeats),
the Southern blot method measures both the canonical
region and the subtelomeric (noncanonical) region up to the
nearest restriction site, which is the target of the restriction
enzymes used to generate the TRFs. The low correlation
between mean TRF length and qPCR measurement could
be attributed by interdonor variability in the size of the
nontelomeric component of the TRF. It is possible, there-
fore, that the longer LTL in AfAms versus EDIs, based on
the Southern blot data, might stem from a longer subtelom-
eric region in AfAms due to polymorphic differences in the
restriction sites between the two ethnic groups. However,
three lines of evidence suggest that this is unlikely to be the
explanation. First, other studies that used qPCR also found
that AfAms had a longer LTL than EDIs (4,9,12). Second,
a study that employed both Southern blots and qPCR meth-
ods to measure LTL observed a longer LTL in young adult
AfAms than in EDIs using both methods (9). Third, to fur-
ther exclude the potential influence of polymorphic differ-
ences in the restriction sites between the two ethnic groups,
that study also used two different cocktails of restriction
enzymes (Hinfl/Rsal or HphI/MnlI) (9). These two cock-
tails of restriction enzymes yield different admixtures of
TRFs comprising both canonical and noncanonical tel-
omere repeats at the proximal region of the telomeres. Both
showed that LTL was longer in AfAms than in EDIs (9).
Notably, the ethnic difference in LTL narrows with age (9),
and the mean ages of participants in studies showing by
qPCR and Southern blots a longer LTL in AfAms than in
EDIs were considerably younger than that of participants
of the present study. The measurement error, expressed in
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Figure 2. Median leukocyte telomere length by sex and ethnicity, measured by quantitative PCR—based method and Southern blot analysis. p Values are adjusted

for batch number to account for batch effect.
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Figure 3. Median leukocyte telomere length by sex and ethnicity, measured
by Southern blot analysis.

the interassay CV, of the qPCR data was 5.8% in the entire
Health ABC Study (17). Based on an impartial compari-
son, the CV of the qPCR is almost four times larger than
that of the Southern blots (19), which is confirmed in this
study. It is thus possible that the higher measurement error
of the qPCR than the Southern blots explains the differ-
ence between the two methods with respect to the ethnicity
effect on LTL. Notably, a modified qPCR-based method of
telomere DNA content has more recently reported an inte-
rassay CV of 3.13% (18), and it is possible that this method
might be able to show the difference in LTL.

In conclusion, in the largest study of its kind, we observed
only a modest correlation between the qPCR and Southern
blot results of LTL. Both methods captured the effect of age
and sex on LTL, but the Southern blot method was better in
capturing the effect of ethnicity on LTL.
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