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Abstract

Prior studies in predominantly European (Caucasian) populations have discovered common
genetic variants (single nucleotide polymorphisms, SNPs) associated with leukocyte telomere
length (LTL), but whether these same variants affect LTL in non-Caucasian populations are largely
unknown. We investigated whether six genetic variants previously associated with LTL (7ERC
(rs10936599), TERT (rs2736100), NAF1 (7675998), OBFC1 (rs9420907), ZNF208 (rs8105767),
and R7EL1 (rs755017)) are correlated with telomere length (TL) in peripheral blood mononuclear
cells (PBMC:s) in a cohort of Africans living with and without HIV and undergoing evaluation for
tuberculosis (TB). We found OBFCI and the genetic sum score of the effect alleles across all six
loci to be associated with shorter TL (adjusted for age, gender, HIV status, and smoking pack-
years (p < 0.02 for both OBFCI and the genetic sum score). In an analysis stratified by HIV status,
the genetic sum score is associated with LTL in both groups with and without HIV. On the
contrary, a stratified analysis according to TB status revealed that in the TB-positive subgroup, the
genetic sum score is not associated with LTL, whereas the relationship remains in the TB-negative
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subgroup. The different impacts of HIV and TB on the association between the genetic sum score
and LTL indicate different modes of modification and suggest that the results found in this cohort
with HIV and TB participants may not be applied to the African general population. Future studies
need to carefully consider these confounding factors.

Introduction

Telomeres are nucleotide sequences that cap the ends of linear chromosomes to protect them
from degradation over cycles of replication [1]. Typically, they contain tandem repeats of
TTAGGG sequence, which is maintained by the enzyme telomerase [2]. These 10-15 kb
telomeric sequences gradually shorten over time, leading to cell senescence and apoptosis
[3]. Shorter mean leukocyte telomere length (LTL) is associated with a high risk of several
major age-associated diseases [4—6] and has been advanced as a marker of biological aging.
Chronic infections, such as HIV, accelerate the replicative aging of the peripheral immune
system [7] and have been associated with many of the same diseases associated with shorter
LTL, despite successful antiviral treatment [8-10].

Genetic inheritance plays a major role in telomere length (TL) determination with a reported
heritability of up to 82% [11]. However, only a handful of common genetic variants (single
nucleotide polymorphisms, SNPs) have been found to contribute to the interpersonal
variations in LTL [4]. Genetic sum scores that combined these TL associated SNPs as the
instrument variable in Mendelian randomization studies have shown that TL is causally
associated with aging-related diseases, such as cardiovascular disease, some types of cancer,
and lung diseases [12—-17]. The use of these TL associated SNPs, as opposed to TL
measured from leukocytes, allows unbiased estimates of the effect of TL as a biomarker for
disease risk, without the potential impact of reverse causation and confounders.

These prior SNP studies were conducted in predominantly European (Caucasian)
populations, with only a limited number of studies in Asian populations. As the frequencies
of these TL SNPs are different for different world populations [18], studies conducted in the
European and Asian populations may not apply to other populations, such as Africans [19].
In fact, two previous papers reported that the association of TL and SNPs is either weakened
[20] or not found in other racial groups [21]. Determining how TL SNPs contribute to
observed TL is important to understanding the underlying mechanisms of how TL
contributes to diseases in these different populations. In an African (Ugandan) cohort of
persons living with and without HIV and undergoing evaluation for tuberculosis (TB) [22],
we measured TL from peripheral blood mononuclear cells (PBMCs) and investigated the
associations between measured TL and the top six previously reported TL SNPs (in 7ERC,
TERT, NAF1, OBFC1, ZNF208, and RTEL 1, respectively) and their genetic sum score. Our
goals are twofold: (1) To examine whether the associations between these SNPs, the sum
score and the measured TL also exist in this Uganda cohort, and (2) To examine if HIV or
TB infection modifies these associations. To our knowledge, this is the first report of an
African population with TL SNP data.

J Hum Genet. Author manuscript; available in PMC 2020 February 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al. Page 3

Materials and methods
IHOP and | AM OLD study participants

This study is a substudy of the International HIVV-associated Opportunistic Pneumonias
(IHOP) Study (May 2013 to December 2014) and the Inflammation, Aging, Microbes, and
Obstructive Lung Disease (I AM OLD) Study (January 2015 to May 2016) and examined a
single cohort comprised of persons living with HIV (PLHIV) and persons without HIV. In
brief, both these studies enrolled consecutive adults (>18 years) who were admitted to
Mulago National Referral Hospital in Kampala, Uganda with cough and suspected TB. We
administered a standardized questionnaire and reviewed hospital records to obtain
demographic and clinical information and to assess cardiopulmonary comorbidities,
cigarette smoke exposure, and alcohol consumption. Rapid HIV serological testing was
performed on participants unless prior HIV infection was confirmed previously. Patients
with a prior positive HIV diagnosis were asked about their use of anti-retroviral therapy
(ART). CD4+ T-cell counts were measured on all PLHIV at the time of study enrollment.
All patients underwent a standardized evaluation for TB that included expectorated sputum
sent for acid-fast bacilli (AFB) smear and mycobacterial culture using both Lowenstein-
Jensen and Mycobacterial Growth Indicator Tube (MGIT). Those patients who had a
negative sputum AFB smear examination provided an additional expectorated sputum sent
for Xpert® MTB/RIF (Cepheid). Patients who had both negative sputum AFB smear
examination and negative Xpert® MTB/RIF underwent bronchoscopy with bronchoalveolar
lavage, which was sent for AFB smear and Lowenstein-Jensen and MGIT cultures. Patients
were considered to be TB positive if they had any positive result (AFB smear, Xpert, and/or
culture) or were empirically treated for TB based on a high clinical suspicion. Patients with
no positive results, two negative Lowenstein-Jensen mycobacterial cultures, and no empiric
TB therapy were considered to be TB negative. Of this study that enrolled patients
undergoing evaluation for TB from May 2013 to May 2016, 439 total participants underwent
genotyping for the six TL SNPs. TL (expressed as the ratio of telomere vs. single-copy gene
ratio T/S) was determined for these participants, 434 of which were valid. The IHOP and |
AM OLD studies were approved by UCSF’s Institutional Review Board/Committee on
Human Research, as well as the Mulago Hospital Research and Ethics Committee, the
Makerere University School of Medicine Research and Ethics Committee, and the Uganda
National Council for Science and Technology. Written informed consent was obtained from
all participants and the work was conducted in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki).

DNA extraction and telomere length measurement

“PBMCs” were obtained from venous blood draw using CPT tubes according to
manufacturer’s instructions (BD Vacutainer® CPT™ Mononuclear Cell Preparation Tube—
Sodium Heparin, BD Biosciences, San Jose, CA, USA). Total genomic DNA was extracted
from PBMCs using the QlAamp DNA Blood Mini extraction kit (QIAGEN, Hilden,
Germany). DNA concentration was measured using the NanoDrop 2000 (Thermo Fisher
Scientific, Waltham, MA, USA). The acceptance criteria for genomic DNA were OD260/
OD280 between 1.7 and 2.0.
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Mean PBMC TL was measured using quantitative PCR as described previously [23], using a
modified version of Cawthon’s method [24]. TL was expressed as a ratio of the telomere
repeat length (T) to copy number for a single-copy gene (S) in each sample. Laboratory
personnel who performed the assays were blinded to all other demographic and clinical data,
as well the SNP data.

SNP selection and genotyping

In this study, the top six SNPs associated with TL reported by previous studies were selected
for analysis, with the lower-frequency alleles set as the minor allele. The effect allele is set
as the short TL allele as has been previously reported [12]. Genotypes of TERC, TERT,
NAF1, OBFC1, ZNF208, and RTEL 1 were determined using 10 ng of DNA in 5 |uL
reactions on a 384-well plate using TagMan SNP assay primers (Thermo Fisher Scientific,
Waltham, MA, USA) and LightCycler® 480 Probes Master Mix (Roche Diagnostics
Corporation, Indianapolis, IN, USA). Reactions took place in a LightCycler® 480 (Roche
Diagnostics Corporation) using the Endpoint Genotyping Dual Color Hydrolysis Probe
Analysis program. Genotypes were called by the program and confirmed by inspecting
cluster plots. Assays were validated by duplicates in initial runs using 14 samples.

Calculation of unweighted genetic sum score, weighted score for each individual SNP and
the weighted genetic sum score

The unweighted genetic sum scores for each sample were determined by summing the
number of effect alleles (short TL allele is defined as the effect allele as described in Codd et
al. [12]) that the sample contained across all six TL-associated variants, with the long/long,
short/long, and short/short phenotypes receiving a score of 0, 1, and 2, respectively.

Linear regressions for TL vs. number of effect alleles for each SNP (unadjusted), or multiple
regressions controlling for demographic and clinical variables (age, gender, HIV, and
smoking pack-years) were performed to obtain adjusted beta coefficients for each SNP. The
weighted score of any specific SNP for each sample was determined by multiplying the
number of effect alleles (0, 1, or 2) that the sample contained for a given SNP by beta
coefficients. The weighted genetic sum scores were determined using the equation below, as
described previously [14].

Weighted genetic sum score = Yi = 18 SNP;, where n7is the number of effect allele and g;is
the beta efficiency for the specific SNP;.

Statistical analysis

For the unweighted analyses for each individual SNP, linear regressions for TL vs. number
of effect alleles for each SNP (unadjusted) and linear regressions for each SNP, controlling
for demographic and clinical variables (age, gender, HIV, and smoking pack-years)
(adjusted) were performed. This procedure was repeated with the unweighted genetic sum
score in a patient.

For the weighted analyses, linear regressions for TL vs. weighted score for each SNP
(unadjusted) and linear regressions for weighted score for each SNP, controlling for

J Hum Genet. Author manuscript; available in PMC 2020 February 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Results

Page 5

demographic and clinical variables (age, gender, HIV, and smoking pack-years) (adjusted)
were performed. This procedure was repeated with the weighted genetic sum score in a
patient.

Multivariable linear regression analyses, adjusting for age, gender, and smoking pack-years,
with TL vs. weighted score for each SNP and the genetic sum score, stratified by HIV or TB
status, were also performed.

Study participants

In total, 439 adults with cough who were evaluated for suspected TB at Mulago Hospital in
Kampala, Uganda were genotyped for the six SNPs, and 434 (99%) had sufficient genomic
DNA for TL measurements. The cohort consisted of 222 (51.2%) PLHIV and 212 (48.8%)
persons who were HIV negative (Table 1). The median CD4+ T-cell count of the PLHIV
was 118 cells/uL and 87 (39.2%) of these HIV-positive participants were receiving ART at
the time of enrollment. All subjects were of African ancestry. Overall, demographic and
clinical characteristics were similar between HIV-positive and HIV-negative participants
except for a greater proportion of HIV-negative participants were men compared with HIV-
positive participants (Table 1).

Out of the total cohort, 181 (41.7%) are TB positive and 253 (58.3%) participants are TB
negative. One hundred (45.0%) of the HIV-positive participants are TB positive and 81
(38.2%) of the HIV-negative participants are TB positive. The percentages of TB-positive
participants are not different between PLHIV vs. HIV-negative participants (o =0.17).

Phenotypically measured telomere length is shorter in HIV+ patients

TL measured in leukocytes was reported to be shorter in HIV+ patients [25, 26]. We
previously showed that in Ugandan with suspected TB, TL is shorter in HIV+ patients
compared with H IV — participants and shortened telomeres are not associated with TB [22].
In this cohort, we confirmed our previous finding that TB is not associated with a difference
in TL in univariate analysis and HIV+ is independently associated with shorter TL in
multivariate analysis after adjusting for age, current smoking, pack-years, and asthma
(Supplemental Table 1).

Prevalence rates of SNP genotypes

Duplicate samples matched in genotype consistency and all genotypes adhered to Hardy-
Weinberg equilibrium (7TERC p=0.90, TERT p=0.76, NAF1 p=0.56, OBFCI p=0.32,
ZNF208 p=0.61, and RTEL1 p=0.92) (Table 2). Comparing the frequencies of the alleles
associated with longer TL with those found in the European population from the 1000
Genomes Project (http://www.internationalgenome.org/), we observed that for all but one
locus, TERT (rs2736100), alleles associated with longer LTL are at higher frequency in our
African population (Fig. 1). The frequency shifts in this cohort support prior findings
comparing the allele frequencies between Europeans and Africans and are consistent with
the findings that measured TL in Africans is longer than Europeans [18].
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OBFC1 and total genetic sum scores are associated with LTL in the Ugandan population

We first analyzed the association between measured TL and each of the genetic variants,
first on its own (i.e., unadjusted), then adjusted for age, gender, HIV status, and smoking
pack-years as these demographic and clinical factors affect TL. Examined individually, only
one SNP was associated with a significant effect on LTL, with the allele A of OBFC1
(rs9420907) variant associated with shorter LTL in unadjusted (8=-0.04, p = 0.024) and
adjusted (5 =-0.04, p=0.017) analyses (Table 3).

The relative small cohort size suggests that it is possible that the study is underpowered to
detect a statistically significant difference between different genotypes of each individual
SNP. Genetic sum scores that combined the SNPs have been used as instrument variables in
Mendelian randomization studies to examine the potential causal relationship between TL
and disease risks [12, 17, 27, 28], we therefore constructed a genetic sum score that
combined the effects of all six (below).

Since the effect size of each SNP on TL is different, we constructed a weighted genetic sum
score, taking into consideration the different effect sizes as shown in Table 3, using an
approach previously described by Machiela et al. [14]. As we did for the analyses of the
individual SNPs, we examined the weighted genetic sum score both unadjusted (on its own)
and adjusted for age, gender, HIV, and smoking pack-years. The weighted genetic sum score
is associated with shorter TL in both the unadjusted (8 =-0.004, p =0.008) and adjusted (8
=-0.004, p =0.002) models (Table 4).

Effect of HIV and TB on the association between allele score with LTL

Since HIV is associated with shorter TL, as secondary analyses, we performed
demographically adjusted analyses stratified by HIV status (HIV positive or negative) (Table
5). The total weighted genetic sum score showed significant association in both PLHIV (8=
-0.005, p=0.01) and participants without HIV (5 =-0.004, p = 0.047) in multivariable
analysis adjusting for age, gender, and smoking pack-years (Table 5).

As a significant proportion of the 434 participants (41.7%) are TB positive, we further
analyzed the data based on the TB status of the participants. In TB-negative participants, we
found that weighted genetic sum score was significantly associated with LTL (8= —0.006, p
= 0.001 adjusted for age, gender, and smoking pack-years) (Table 6). However, we did not
observe these associations in TB-positive participants (Table 6).

Discussion

The discovery of a panel of SNPs associated with LTL [12] and the Mendelian
randomization studies that established a direct cause-effect relationship between LTL and
many common diseases [17] suggest that TL and its genetic determinants are important
biomarkers, as well as drivers of human diseases. Current knowledge of these associations is
limited to the European populations, with only a handful reported in the Chinese population
[14, 29]. In this study, we found that individuals with the A allele of the telomere-related
SNP OBFC1, as well as the total score of six SNPs previously reported in the European
population, have significantly shorter TL (both unadjusted and adjusted for age, sex, HIV
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status, and smoking pack-years) in a Ugandan cohort. Ours is the first study that investigated
the relationship between the previously established panel of SNPs and LTL in African
populations.

A recent study examining European, African, and African American LTLs found that LTL is
significantly longer in Africans than in both Europeans and African Americans [18]. These
shifts in allele frequency between Europe and Africa do not fit the pattern expected by
neutral genetic drift, which suggest that differences in LTL within Europeans and Africans
might explain ethnic differences in risks for diseases that are associated to LTL. It is implied
that shorter LTL is selected for in Europeans to decrease risk of melanoma in light-skinned
individuals [18] because many of the SNPs were found previously to be associated with
increased melanoma risk among Europeans [30]. We compared our allele frequency with
those of the European descent from the 1000 Genomes database and observed that for all but
one locus, allele frequencies associated with a longer LTL are at higher frequency in
Africans compared with European populations. Our findings are consistent with the results
in the above study.

Previous studies, including a prior study from this cohort, have demonstrated an association
between HIV infection and shortened TL in leukocytes [7, 22, 31, 32]. Despite the impact of
HIV, when we stratified by HIV status, we still found that the weighted genetic sum score is
associated with measured TL in both PLHIV and HIV-negative subgroups. The analysis
stratified by TB status paints a different picture. Little is known about whether TB is
associated with a change in TL. Our previous study on 184 adults admitted to Mulago
Hospital in Kampala, Uganda with suspected TB did not find an association with TB status
and TL [7, 22, 31, 32]. Uni-variable analysis of TB status and measured TL in this cohort
also did not show an association (Supplemental Table 1). In the current analysis, the genetic
sum score is associated with TL in the TB-negative group, but not in the TB-positive group,
suggesting that TB infection modifies the relationship such that the effects of these SNPs are
masked in the TB-positive participants. The role and mechanism of how TB affects
genetically determined telomere and phenotypically measured LTL need to be further
explored. One potential mechanism could be the altered cell compositions in the PBMCs
from TB-negative vs. TB-positive participants. TB is known to impact both T and B cells,
major cell types in total PBMCs [33, 34]. As TL is different in these cell types and with
varying differentiation stages [23, 35], differences in PBMC cell compositions between the
TB-negative vs. TB-positive participants can potentially contribute to differences in
phenotypically measured TL, which might cofound the relationship between TL SNP and
measured PBMC TL. Prior studies that examined the associations of TL SNPs and LTL have
also used diseased populations [5, 36—38], but have adjusted for the status of the disease in
their statistical analysis model. Our finding that the association of the genetic sum score for
TL and measured LTL remains in PLHIV participants, but not in TB-positive participants
suggest that these two diseases impact this association differently. Measurement of TL in
individual cell types, instead of PBMCs, in both PLHIV and TB-positive participants, may
help clarify this issue. Future studies that utilize TL SNPs as instrument variables for LTL
need to assess the impact of specific disease on this association and the potential
confounding effect from the disease.
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Our study has several limitations. First, this study has a relatively small sample size, given
the small effect size of each SNP. Other reported studies have cohorts of much larger size
than ours [5, 12, 14, 29]. We therefore performed the analysis without correcting for
multiple analysis, as was done in a previous study [39]. The goal here is to look for
promising trends rather than draw final conclusions. Further, about 50% of the participants
are PLHIV and about 40% of them are TB positive. Although OBFC1 and the genetic sum
score are associated with TL in the total cohort, stratified analysis showed that while this
relationship remains in both the PLHIV and HIV-negative subgroups, and the TB-negative
subgroup, the genetic sum score is not associated with LTL in the TB-positive subgroup.
Although we adjusted for TB status in the analysis, it is that possible residual confounding
effects of TB infection still exist. Therefore, the results from this specific cohort cannot be
applied to the general African population without further investigation. Finally, our study
does not have information on the prevalence of malaria in these participants, with is often
associated with HIV infection. Future studies with a larger sample size, in a population
without the confounding factors from HIV and TB infections are needed to further validate
the findings.

In summary, this study found that the OBFCI (rs9420907) SNP as well as the genetic sum
score of six TL associated SNPs previously reported in Caucasians to be also associated with
shorter TL in this Ugandan (African) cohort. This novel finding will facilitate future studies
using TL as a biomarker for disease risk in African populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Change in allele frequency in long LTL associated alleles in our Ugandan population
compared with the European allele frequency from the 1000 Genomes Project
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Table 1

Demographics of the cohort, stratified by HIV status

Variable With HIV Without HIV p-value
% (n)a (n=222) (n=212)

Age (years) 35.0 (29.2-43.0)  33.3(27.0,45.0) 0.72
Male gender 55.0 (122) 67.9 (144) 0.01
Ever smoker 30.6 (68) 27.8 (59) 0.53
Smoking pack-years 0.0 (0.0-0.6) 0.0 (0.0, 0.9) 0.80
Alcohol in 12 months  39.2 (87) 40.1 (85) 0.92
History of asthma 2.7 (6) 4.2 (9) 0.44
Diagnosed with TB 45.0 (100) 38.2 (81) 0.17
Death at discharge 4.5 (10) 4.2 (9) 1
Antiretroviral therapy  39.2 (87) -

CD4 cell count

118 (40-296) -

p-values were done with Fisher’s exact and Wilcox/rank-sum

aUnIess otherwise specified
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Table 2

The distribution of genotypes within the study population

Genotype  Samples

MAF HW Effect (short TL) allele as reported by Codd et al. [12]

(n=434) p value

rs10936599/TERC

cc 415 (92%)

cT 37 (8%) 4% (T) 090 T
T 0 (0%)

rs2736100/TERT

AA 143 (32%)

AC 228 (50%) 47% (C) 0.76 A
cC 81 (18%)

rs7675998/NAF1

GG 308 (68%)

AG 128 (28%) 19% (A) 0.56 A
AA 16 (4%)

rs9420907/0OBFC1

AA 72 (16%)

AC 228 (50%) 40% (A) 0.32 A
cc 152 (34%)

rs8105767/ZNF208

AA 129 (29%)

AG 208 (46%) 46% (A) 0.61 A
GG 115 (25%)

rs755017/RTEL1

AA 245 (54%)

AG 170 (38%) 27%(G) 0.92 A
GG 37 (8%)

MAF minor allele frequency, /W Hardy—Weinberg equilibrium
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