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Normal T-Cell Telomerase Activity and Upregulation in Human
Immunodeficiency Virus-1 Infection

By Katja C. Wolthers, Sigrid A. Otto, G. Bea A. Wisman, Sylvain Fleury, Peter Reiss, Reinier W. ten Kate,
Ate G.J. van der Zee, and Frank Miedema

In human immunodeficiency virus (HIV)-1 infection, decrease
of telomere length is mainly found in CD8* T cells and not in
CD4+ T cells. Telomerase, a ribonucleoprotein enzyme that
can synthesize telomeric sequence onto chromosomal ends,
can compensate for telomere loss. Here, we investigated if
telomerase activity could explain differential telomere loss
of CD4* and CD8* T cells in HIV-1 infection. Telomerase
activity was higher in CD8* than in CD4* T cells from
HIV-infected patients, but still in the same range as in
healthy controls, and upregulation after stimulation was
comparable to normal. Telomerase activity in lymph node

CD4+ and CD8* T cells from HIV-infected patients was in the
same range as that in CD4+ and CD8* T cells from peripheral
blood (PB) and was normal in unseparated bone marrow
cells. Thus, our study did not provide evidence for compart-
mentalized elongation of telomeres in HIV infection. In
patients treated with reverse transcriptase inhibitors, telo-
merase activity was inhibited, but this did not lead to
accelerated loss of telomere length in vivo. Thus, differential
telomere loss in CD4* and CD8* T cells in HIV-1 infection
cannot be explained by telomerase activity.

© 1999 by The American Society of Hematology.

UMAN IMMUNODEFICIENCY virus (HIV-1) infection (2.25 mg/d) were selected, of which frozen blood samples were used

is characterized by a decrease in CDBcell numbers, before and after the start of treatment. Patient clinical and laboratory
an increase in CD8T-cell numbers, and progressive immune characteristics are described in Table 2. As cor?tr_ols, frozen blood
dysfunction eventually leading to acquired immunodeficiencysamples from healthy HIV homosexual cohort partlupants_an_d fresh
syndrome (AIDS). It has been proposed that progression t(?loqd samples from Iaboratoryvyorkerswere used._Lympho!d tissue and

. . . peripheral blood (PB) were obtained from four HIV-infected individuals
AIDS is rela_ted to exhaustion of CDAT-cell renewal capacity with CD4* T-cell counts>400 cells/puL who did not receive treatment
due _to p_erS|stentIy .enhanced CDZ-cell turnover: However, at the time of lymph node biopsy. Bone marrow was obtained from four
longitudinal analysis of CD# T-cell telomere length showed a|ps patients and two HIV individuals by aspiration for diagnostic
that telomere loss was not accelerated in the course of HIV-%easons.
infection, suggesting that turnover of CD7 cells might not be Cell separation and culture. Frozen PB mononuclear cells (PBMC)
increased in HIV infectiod.Telomeres are the extreme ends of from cohort participants were used either to analyze telomerase activity
chromosomes consisting of TTAGGG repeats, which shorterflirectly or to purify CD4 and CD8 T cells by magnetic separation
progressively during cell division in vitro and with agif§.  Over (_:olumns (MiniMACS; Milter_\yi Biotec Inc, Sunnyvale, CA) as
Telomerase, a ribonucleoprotein enzyme that synthesizes tel§lescribed previousR.For separation in CD45RAand CD45RO T
meric DNA repeats onto chromosomal ends, can compensat‘éens' M'n'MACS multisort kit was used f.or purn‘_lcatlon of C.Mr
for telomere shorteningin germline cells and immortalized cells according to the manufacturer’s instructions. In brief, after

LIS purification, cells were released from the magnetic beads and the cells
cells, telomerase activity is high and telomeres do not shérten. | oo further separated in CD45RAand CD45RO fractions by

mitia”)_/- telomerase activity was only found in neoplastic positive selection over columns after a 15-minute incubation with 20 pL
somatic cell$. More recently, several reports showed that
hematopoietic cells have low telomerase activity, which can be
upregulated by cell activatioh!?2 However, after activation in From the Department of Clinical Viro-Immunology, CLB, Sanquin
vitro, increase of telomerase activity was transient and did noBlood Supply Foundation, Amsterdam; the Laboratory for Experimen-
prevent telomere shortening in long-term culttfé&? It has tal and Clinical Immunology and the Department of Human Retrovirol-
been suggested that telomerase provides partial compensati@gy, Academic Medical Centre, University of Amsterdam, Amsterdam;
for telomere loss during cell divisioR. Therefore, changes in the Department of Gynaecology and Obstetrics, Academic Hospital
telomere length might be caused by proliferation, but could als Groningen, University of Groningen, Groningen; the National AIDS

be related to altered telomerase activity. We and others previ. herapy Evaluation Centre, Academic Medical Centre, University of
Y- P Amsterdam, Amsterdam; the Department of Internal Medicine, Ken-

ously addressed the q“?St'O” Wh.eth.e'j normal telomere length Hemer Gasthuis, Haarlem, The Netherlands; and the Laboratorie
CD4* T cells from HiV-infected individuals could be due t0 gmmunopathologie du SIDA, Division des maladies infectieuses,
increased telomerase activitf?Here, we compared telomerase Department de medecine interne, Hopital de Beaumont, Lausanne,
activity in lymphocyte subsets from HIV-infected individuals Switzerland.
with controls and studied upregulation, inhibition by antiviral ~ Submitted April 30, 1998; accepted October 1, 1998.
therapy with reverse transcriptase inhibitors, and telomerase Supported by Grant No. 1008 from the Dutch AIDS Foundation and
activity in tissues from HIV-infected individuals. by the Dutch Cancer Foundation. This study was conducted as part of
the Amsterdam Cohort Studies on AIDS.
Address reprint requests to Frank Miedema, PhD, Central Labora-
tory of the Netherlands Red Cross Blood Transfusion Service, Depart-
Patients. For telomerase activity in CD4and CD8 T-cell sub- ment of Clinical Viro-Immunology, Plesmanlaan 125, 1066 CX Amster-
sets, sequential cryopreserved samples were used from HIV-infectedam, The Netherlands; e-mail: miedema@clb.nl.
individuals participating in the Amsterdam cohort study on HIV ~ The publication costs of this article were defrayed in part by page
infection in homosexual men. Patient clinical and laboratory charactercharge payment. This article must therefore be hereby méikerder-
istics are described in Table 1. To study telomerase activity duringtisement”in accordance with 18 U.S.C. section 1734 solely to indicate
treatment, eight HIV-infected cohort participants treated with azidothy-this fact.
midine (AZT) monotherapy (600 mg/d) or a combination of AZT (600  © 1999 by The American Society of Hematology.
mg/d) and dideoxyinosine (DDI) (400 mg/d) or dideoxycytidine (DDC)  0006-4971/99/9303-0006%$3.00/0

MATERIALS AND METHODS
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magnetic microbeads conjugated with CD45RA, respectively, CD45RCand the peak height, peak area, and size (bp) were calculated automati-
monoclonal antibodies (MoAbs) per 16ells. Purity was checked by cally by the Fragment Manager computer program (ALF, Pharmacia
fluorescence-activated cell sorting (FACS) staining. To analyze upreguBiotech). To obtain semiquantitative levels of telomerase activity, the
lation of telomerase activity, PBMC were stimulated for 4 days with M-ITAS (5 attogram) was included in the TRAP buffer. As a standard,
CD3 MoAb (CLB T3/4.E 1:1,000 final dilution of ascites) in Iscove’s the GLG, cell line was used. Peaks representing telomerase activity in
modified Dulbecco’s medium (IMDM) complemented with 10% fetal GLC, equivalents were summed, then relatively expressed to telomer-
calf serum, 2-mercaptoethanol, and antibiotics. After stimulation,ase activity of 100 GL&cell equivalents (set at 100%) and normalized
PBMC were purified for CD4 and CD& T cells by magnetic to the M-ITAS signal. For the samples (10,000 to 100,000 cell
separation over columns (MiniMACS; Miltenyi Biotec Inc) and used equivalents), the peaks representing the telomerase activity were
for extract preparation. summed, normalized to the M-ITAS, and correlated to the Gtéll

Cells from tissues. Lymphocytes from lymph nodes and bone number. For example, if a sample of 10,000 cell equivalents is
marrow were purified on a Ficoll Hypaque (Pharmacia Biotech, comparable to 10 GL&xells, the activity is 0.1%. After heat inactiva-
Uppsala, Sweden) gradient. Lymphocytes from lymph nodes werdion (10 minutes, 85°C) telomerase activity peaks disappeared, while
separated in CD#%and CD8 T cells by sorting on a FACSVantage the M-ITAS was still detected, indicating that the peaks are representing
(Becton Dickinson, San Jose, CA) with a combination of CD3 and CD4telomerase activity. The assay is highly reproducible (variati@0%).
MoAbs or CD3 and CD8 MoAbs (Pharmingen, Hamburg, Germany). Determination of telomeric restriction fragment (TRF) lengtilRF
Cells were frozen until further use. length was analyzed in patients treated with nucleoside analogs. DNA

Telomeric repeat amplification protocol (TRAP) assafor detec- ~ Was isolated from X 10° PBMC by the Qiagen Blood and Body Fluid
tion of telomerase activity, a modification of the TRAP assags used. ~ Protocol according to manufacturer’s instructions (Qiagen, Hilden,
PBMC or purified lymphocytes (X 10°to 2 X 10°) were washed once ~ Germany). Genomic DNA (5 pg) was digested with 40 UHarfifl and
with phosphate-buffered saline (PBS) and once with ice-cold washRsa | (GIBCO Life Technologies, Breda, The Netherlands). The
buffer (10 mmol/L HEPES-KOH [pH, 7.5], 1.5 mmol/L Mg&110 digested DNA was electrophoresed on 0.6% agarose gels (50 mA, 24
mmol/L KCI, 1 mmol/L dithiothreitol), and resuspended in 100 b1 hours). Gels were then denatured in 0.25 N HCl and neutralized in 0.4 N
108 cells of ice-cold lysis buffer (0.5% CHAPS, 10 mmol/L TrissfHCI NaOH/0.6 mol/L NaCl, and blotted to Genescreen plus (DuPont NEN,
[PH, 7.5], 1 mmol/L MgC}, 1 mmol/L EGTA, 10% glycerol, 5 mmol/L Brussels, Belgium) in 0.5 N NaOH/1.5 mol/L NaCl. Blots were washed
B-mercaptoethanol, 0.1 mmol/L phenylmethylsulfonylamide), incu- twice in 2x saline-saturated citrate (SSC) and cross-linked (UV
bated on ice for 25 minutes, centrifuged at 12@af 20 minutes, and Stratalinker; Stratagene, Leusden, The Netherlands). The telomeric
the supernatant was quick-frozen in liquid nitrogen and stored at?robe (TTAGGG3 was radiolabeled withx-32P-dCTP using terminal
—70°C. Cell extracts (10 to 15 pL), corresponding to 100,000 to transferase (Boehringer Mannheim, Aimere, The Netherlands). Hybrid-
150,000 cells, were diluted by end-point dilution. Three subsequenization was at 65°C in 0.5 mol/L NBIPO,/7% sodium dodecy! sulfate
extract dilutions were incubated for 30 minutes at room temperaturSDS) (pH, 7.2). Blots were washed in buffer with decreasing salt
(RT) in a 50-uL reaction mixture containing 50 pmol/L each of concentration starting with>3 SSC/0.5% SDS onto a final concentra-
2'deoxynucleoside triphosphate (dNTP), 0.1 pg of TS primer, 0.2 pLtion of 0.2X SSC/0.5% SDS (15 minutes at 65°C). Blots were exposed
[a-32P]deoxycytidine triphosphate (dCTP) (10 pCi/uL, 3,000 Ci/mmol),
3 U Tag polymerase (Promega, Leiden, The Netherlands), 20 mmol/L

Tris/HCI (pH, 8.3), 1.5 mmol/L MgGl 63 mmol/L KCI, 1 mmol/L Table 1. Patient Clinical and Labora_to_ry Characteristics
EGTA, and 0.1 mg/mL bovine serum albumin (BSA). After 30 minutes, and Telomerase Activity

0.1 pg of CX primer was added, and polymerase chain reaction (PCR) RNA Telomerase

was performed as follows: 90 seconds 90°C, and 34 cycles 30 seconds ) Load Activity Anti-
94°C, 30 seconds 50°C, 90 seconds 72°C. The PCR product was (yTr'amffer s cc(:;(;iges P T‘:s’:t' ng:;
electrophoresed on a 12.5% nondenaturing polyacrylamide gel# 0.5  patients  sc)  ¢uL) permu) %) ment  type

TBE. Gels were fixed in 50% ethanol (vol/vol), 50 mmol/L NaCl, and
40 mmol/L NaAc, and dried. Films (Kodak, Rochester, NY) were H-1171 05 830 37 009 0.87 NS
exposed overnight (O/N). Telomerase activity was expressed as thd1171 80 540 30 0 0.09 NS
percentage of telomerase activity in a telomerase-positive immortalized 68 01 950 6 ND 0.87 NS

cell line? The minimum number of cell equivalents of the lung 42810 3 0.09 0.09 NSI
carcinoma cell line GLE needed for specific telomerase activity, H-1024 01 900 55 013 1.3 NS
usually derived from 13 cells, was taken as 100%. The cell equivalent of1-1024 75 410 40 013 0.13 NS
the last positive signal in the diluted extracts of the sample was H- 08 390 56 0009 0.009 NS
expressed as a percentage of this. For example, the last positive signal 232 95 320 45 009 0.87 AZT NS
a sample of 10 cell equivalents represents 130% activity, and in aft412 07 9% 48 004 0.2 NS
sample of 10,000 cell equivalents, it represents 0.13% activity. AsampleH'412 43 490 48 02 0.2 NSI
was considered positive when a fragment of the typical 6-bp ladder was -39 -12 1,160 0.009 0.09
still present. When samples were repeatedly measured, results coulf 29 230 59 009 0.87 Sl
differ a factor of 10. To confirm that the PCR products were the product H-8317 07 550 57 02 02 NS
3.6 50 59 0.04 0.04 AZT SI

of telomerase activity, samples were treated with 0.5 pg RNase at 378317
for 15 minutes, which resulted in abolishment of the specific signal. A
modification of the Internal Telomerase Assay Standard (M-ITAS) Mean () late 0.09(0.06) 0.32(0.37)
was used to exclude inhibitors of Taq polymerase in the samples, which®"tro! 1 02 0.2
could lead to artificially low telomerase activity in the sample. Control 2 0.13 0.13

Nonradioisotopic and semiquantitative TRAP assaecause the ~ CONtrol3 0.009 0.09
original TRAP assay as described above is limited in quantitating the Mean (*) 011(0.09) 0.14(0.06)
telomerase activity, samples were reanalyzed in a TRAP assay using Abbreviation: ND, not determined; NSI, (non)syncytium-inducing
fluorescence-labeled primers and an automatic sequencer where indiariant.
cated'”18Telomerase products were represented by fluorescent curves, *Standard deviation.

Mean (*) early 0.08 (0.07) 0.51 (0.50)
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Figl. Telomerase activity in CD4+ and CD8+* T cells. Telomerase activity was measured by the TRAP assay and is expressed as a percentage of
the activity detected in the lung carcinoma cell line GLC,. (A) Telomerase activity in the original TRAP assay. Telomerase activity in 130, 13, and
1.3 GLC, cell equivalents is shown at the left. Specific telomerase activity could still be measured in 130 GLC, cell equivalents. Addition of RNAse
is indicated (+). Abolishment of the signal confirmed specific telomerase activity. No cell extracts were added to the PCR controls a (lysis buffer
only) and b (PCR mix). Cell extracts equivalent to 105, 104, and 103 purified CD4* and CD8* T cells from one healthy control and one representative
HIV-infected person early (0.1 year after seroconversion) and late (7.5 years after seroconversion) in infection were analyzed. Addition of the
M-ITAS resulted in specific bands (arrow) indicating that Taq polymerase was not limiting. (B) Telomerase activity in freshly isolated purified
naive (CD4RA) and memory (CD4RO) CD4+ T cells from one HIV-infected individual and one healthy control performed as described in (A), but
without M-ITAS. (C) Telomerase activity in freshly isolated naive (CD4RA) and memory (CD4RO) CD4+ T cells from six healthy controls and seven
HIV-infected individuals. Bars with error bars indicate the mean telomerase activity + the standard deviation of the population. (D)
Representative fluorescence curves showing telomerase activity and M-ITAS (at 145 bp). Lanes 1 and 2, healthy control CD4+ and CD8* T cells
(100,000 cell equivalents); lanes 3 and 4, HIV+ CD4+* T cells early and late (100,000, respectively, 75,000 cell equivalents); lanes 5 and 6, HIV+ CD8+ T
cells early and late (identical [id]); lane 7, GLC, (100 cell equivalents); and lane 8, lysis buffer.
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to Phosphor-Imager screens (Fuji, Kanagawa, Japan) for 4 hours aion (Table 1, Fig 1A). The upper four patients remained

OIN, and mean telomere length was analyzed by Phosphor-Imagessymptomatic during follow-up, while the lower three patients

software (TINA, Raytest Company, Straubenhardt, Germany), whichyrggressed to AIDS 3 to 5 years after SC. In the HIV-infected

calculates the integrated signal of the area above the background. Thﬁdividuals both early and late in infection, telomerase activity

mean value in kilobases was calculated using the molecular weigh& 4 . '

marker Lamdafindlll. In CD4" T cells and CD8 T cells was in the same range as that
of healthy controls (Mann-Whitney U tef®,> .4). During the

RESULTS course of infection, there was no consistent change of telomer-

Telomerase activity in blood T lymphocytes from HIv- @S activity in CD4 or CD8" T cells (Wilcoxon matched-pairs
infected individuals. In normal human T cells, low to undetect- Signed-ranks tesg > .6). However, in HiV-infected individu-
able levels of telomerase activity are fouht. In healthy  als, telomerase activity in CD8T cells was significantly higher
controls, telomerase activity in extracts from PBMC #n8, than telomerase activity in CD4T cells (Wilcoxon matched-
data not shown) and purified CB4nd CD& T cells (n= 3, pairs signed-ranks tesB = .016). Furthermore, telomerase
Table 1 and Fig 1A) was less than 1% of activity in the GLC activity was analyzed in purified CD45RA (naive) and
cell line. To assess telomerase activity changes during HIV-1ICD45R0O" (memory) CD4 T-cell subsets obtained from fresh
infection, we analyzed telomerase activity in purified C¢hd blood samples of seven asymptomatic HIV-infected individuals
CD8*" T cells from seven HIV-infected individuals in the first (CD4* T-cell counts>300 cells/uL and viral load<4 log
year after seroconversion (SC) and 3 to 9 years after seroconvecopies/mL). These data confirmed that in HIV-1 infection
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Fig 2. Upregulation of telomerase activity in CD4+ and CD8* T cells after in vitro stimulation. PBMC were cultured in vitro for 4 days with CD3
MoAbs and telomerase activity was analyzed in extracts prepared from purified CD4+ and CD8+* T cells. (A) Telomerase activity in 500, 100, and 50
cell equivalents from one healthy control (HIV-) and one representative HIV-positive individual (HIV+) early and late (3 years after seroconversion,
1 year before AIDS) in infection is shown as described in Fig 1A. (B) Representative fluorescence curves showing telomerase activity in activated
CD4+ and CD8+* T cells and M-ITAS. Lanes 1 and 2, CD4+ and CD8+* T cells from a second healthy control (10,000 cell equivalents); lanes 3 and 4,
CD4+* and CD8* T cells from HIV* early in infection (id); lanes 5 and 6, CD4+ and CD8* T cells from HIV* late in infection (id); lanes 7 and 8, GLC,
(100 cell equivalents) and lysis buffer. (C) Telomerase activity in CD4+ and CD8* T cells after activation in vitro in four HIV-infected individuals
early and late in infection as analyzed with the original TRAP assay.
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telomerase activity in CD% T-cell subsets was in the same not find any relation between treatment with nucleoside analogs
range as in healthy controls (Fig 1B and 1C). and loss of telomere lengthTo address the question if
The original method to guantitate telomerase activity in thetelomerase activity is inhibited by treatment with nucleoside
TRAP assa¥has been modifié@d!8so that telomerase activity analogs in vivo, we analyzed telomerase activity in PBMC from
of the sample can be accurately correlated to the amount ogight individuals before and around 2 years after the start of
GLC, cells equaling this activity. Telomerase activity in T cells treatment with AZT monotherapy or a combination of AZT and
from patient 1024 and control 2 (Fig 1A) was reanalyzed by thisDDI or DDC (Table 2). Using the semiquantitative analysis,
semiquantitative method (Fig 1D). Telomerase activity in Ttelomerase in PBMC from these HIV-infected individuals
cells from the healthy control was 0.001% (Fig 1D, lanes 1 andP€fore therapy generated a specific banding pattern, which
2). In CD4* T cells from the patient, activity was now 0.01%, €qualled an activity of 0.001% to 0.01% (Fig 3A, lane 1 and Fig
which was 10-fold higher than in the control (Fig 1D, lanes 3 3B). During therapy, the specific banding pattern vanished in
and 4). As before, the highest telomerase activity was measured’® Patients (Fig 3A, lane 2, Fig 3B). In three patients,
in CD8* T cells from the HiV-infected individual early in telomerase activity disappeared (Fig 3B). This was not due to
infection (Fig 1D, lane 5, activity 0.08%). In addition, reanaly- Taq inhibitors in the samples or an assay artefact, because the

sis by the semiquantitative method showed a twofold differen(:évl'”-AS was amplified as expected. No specific differences

in telomerase activity between CD45RAand CDA45RO were found in telomerase activity between patients with a
CD4* T cells from a healthy control (0.01% and 0.02% different treatment regimens or different laboratory parameters,

respectively), while in the HIV-infected individual, telomerase although patient groups may have been too small to allow for a

activity was 0.01% for both subsets (data not shown). FurtherQOOd comparison. To see if diminished telomerase activity due

I - . to treatment would lead to accelerated loss of telomere length
more, the amplification of the internal standard (M-ITAS, Fig eament wo ceele s ot telomere lengfh,
; ' ..~ telomere loss in PBMC was measured over the same time span.
1D, right peaks) confirmed that there were no Taq inhibitors

tin th Il extracts. which d lead to artificially | However, telomere loss over the follow-up period was within
presentin Ine cell extracts, which could lead 1o artificially 1ow e normal range<(100 bp/y?) in these treated HIV-infected
telomerase activity in the samples.

individuals (Fig 3C).
Thus, telomerase activity in T cells from HIV-infected (Fig 3€)

o . . A . Telomerase activity in lymphoid tissuedn T-cell progeni-
individuals is low compared with activity in the GLCellline, 4 and tonsil T cells, telomerase activity is reported to be

and CD4 T cells differ less than 10-fold in activity compared pigher than in PB T cell& Therefore, high turnover of T cells
with hea!thy controls. o could lead to increased telomerase activity in other compart-

Induction of telomerase activity in blood lymphocytetl  ments than PB. Telomerase activity in CDdnd CD8 T cells
CD4" T-cell numbers declin€ Therefore, the induction of = gptained from four HiV-infected individuals. One representa-
telomerase activity after cell activation might be impaired in tive patient is shown in Fig 4A. Telomerase activity was
HIV-1 infection. However, if during activation telomerase comparable in blood and lymph node CDdnd CD8 T cells
activity is upregulated to a higher extent, proliferation-induced(Fig 4A and B). Telomerase activity in lymphoid tissue CD4
telomere loss might be compensated. To determine if activatiomnd CD8 T cells from these patients was similar to that in a
of T cells from HIV-infected individuals induces telomerase HIV - individual (data not shown). In addition, telomerase
activity as described for T cells from healthy contrdBBMC  activity in total bone marrow cells obtained from four AIDS
were cultured in vitro with CD3 MoAbs. After 4 days of culture,
telomerase activity was measured in extracts equivalent to 5001, ble 2. Nucleoside Analod.T 4 Patients’ Clinical and Lab
100, and 50 purified CD4and CD8 T cells (Fig 2A) or 10,000  '20¢ % Nucleoside Analog-Treated Patients’ Clinical and Laboratory

. . . . Characteristics and Telomerase Activity

cell equivalents (Fig 2B). Cell stimulation could upregulate

telomerase activity in lymphocytes from healthy controls, Time viralLoad - Telomerase
. . .. . (mo after  CD4 (log copies Activity
resulting in telomerase activity on the order of 2% to 30% (Fig patients Therapy treatment) (ul) RNA per mL) (%)

2A and B). In the HIV-infected individual, telomerase upregula-

1 AZT -32 480 3.0 0.001
tion was comparable to the healthy controls in CO8cells and 1 26 160 50 0
CD4* T cells early in infection, while CD4 T cells late in 2 AZT —_36 180 41 0.01
infection showed less activity compared with the healthy 2 33 120 3.9 0.001
control (Fig 2A and B). Differences in upregulation of telomer- 3 AZT/DDC -31 670 32 0.001
ase activity in lymphocytes early and late in infection were 3 28 410 41 0.001
found between HIV-infected individuals (Fig 2C), but activity =~ 4~ AZT/BBC —88 290 4.6 0.001
did not exceed the level of activity in healthy controls after 4 28 60 4.0 0
. . . 5 AZT/DDC -25 650 ND 0.001
stimulation. Furthermore, these differences were not related to 14 140 ND 0.001
T-cell function, which was declining in three of four patients. 6  AZT/DDI 29 270 36 0.001
Telomerase activity after treatment with nucleoside analogs. ¢ 34 280 30 0
Telomerase is a reverse transcriptase, which uses its own RNA 7 AZT/DDI -7 330 ND 0.01
template. It has been described that reverse transcriptase 7 24 90 ND 0.001
inhibitors inhibit telomerase activity in ciliates and in cultured 8 AZT/DDC/DDI —-24 390 4.4 0
8 43 20 4.3 0

cell lines in vitro, which caused telomere shorterfdtin the
group of HIV-infected individuals initially studied, we could  Abbreviation: ND, not detected.
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Fig 3. Telomerase activity in PBMC from HIV-infected individuals before and after start of treatment with nucleoside analogs. (A)
Representative fluorescence curves showing telomerase activity in 100,000 cell equivalents from patient 2 (Table 2). M-ITAS at 145 bp. Lane 1,
before therapy; lane 2, during therapy; lanes 3 and 4, GLC, (100 cell equivalents) and lysis buffer. (B) Telomerase activity in eight HIV-infected
individuals before and after the start of treatment with nucleoside analogs. Telomerase activity was analyzed in PBMC with the semiquantitative
method and expressed as percentage of activity in the GLC, cell line. Lines connect telomerase activity before and during treatment from the
same patient. Bars with error bars indicate the mean telomerase activity = the standard deviation of the population. (C) Telomere length of
PBMC from the eight HIV-infected patients at the same time points as in (B). Telomere length was analyzed by Southern blot. Telomere length is
expressed as change of telomere length in kilobases over time.

patients and two HIV controls was comparable, on the order of DISCUSSION

1%, which is in agreement with previous rep®its(Fig 4C, It has been found that telomere length in HIV-infected
two patients shown). Extracts from lymph node and boneindividuals is decreased in CD8T cells, but normal or even
marrow cells tested in the semiquantitative method did showncreased in CD#4 T cells in HIV-1 infected individuals with
amplification of the M-ITAS, indicating that there are no Tag CD4* T-cell numbers>200 cells/uL25 Telomerase activity
inhibitors present in extracts from these tissue cells (data notould play a role in compensating proliferation-induced telo-
shown), and telomerase activity measured by this method wamere loss in HIV-1 infection, which could explain why high
on the order of 0.01% to 0.1%. CD4* T-cell turnover in CD4 T cells is not reflected in shorter
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. ‘ Fig 4. Telomerase activity in lymph nodes and bone marrow from
_ HIV-infected patients. (A) Telomerase activity in extracts equivalent to
-~ 10°, 104, and 103 purified CD4* and CD8+* T cells isolated from PB (CD4

and CD8) and lymph node tissue (LN, CD4 and CD8) shown for one
§ representative HIV-infected individual. (B) Telomerase activity in CD4+
" and CD8* T cells isolated from PB and LN from four HIV-infected

A LA

individuals, as analyzed by the original TRAP assay. (C) Telomerase
activity in extracts equivalent to 104, 103, and 102 total bone marrow
cells from two HIV-infected patients after AIDS diagnosis and two HIV-
controls. Total bone marrow cell samples contained approximately
40% to 45% CD3+ cells, 4% CD19+* cells, and 2% CD34+ cells. In bone
marrow samples from the AIDS patients, the percentage of CD4* cells
was decreased (6.5% compared with 15% in HIV- samples) and the
percentage CD8* cells was increased (30% compared with 18%).
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telomeres or accelerated telomere loss. We showed here that thésuld be upregulated after stimulation (Figs 1 and 2). Now, a

is unlikely to be the case. difference of 10-fold in telomerase activity between CDB
First, telomerase activity in T cells from HIV-infected cells from the healthy control and the HIV-infected individual
individuals was low compared with activity in the GLCell could be shown, and differences of less than 10-fold in

line and in the same range as that in healthy controls. Theelomerase activity between samples could be analyzed (Fig 1).
original TRAP assay is limited in quantification of telomerase However, the relevance of 10-fold differences in telomerase
activity because telomerase activity is quantitated by end-poinactivity in quiescent cells as calculated semiquantitatively by
dilution, while in the semiquantitative method, telomerasethese methods is not yet clear. A large variation already exists
activity of the sample can be more accurately related tobetween telomerase activity in T cells from healthy controls.
telomerase activity in a specific amount of GJ«&lls. Because Fluctuations of 10-fold were observed in telomerase activity of
of these differences in quantification, one cannot compare th€D4" T cells during the course of infection (Table 1), but no
percentages of activities in the different assays. However, wherelation to disease progression could be found in this patient
telomerase activity in different samples were compared, theroup, while telomere length is stable during the course of
semiquantitative method confirmed that telomerase activity wasnfection in these patientsln addition, a 10-fold difference in
low in quiescent T cells from HIV-infected individuals and telomerase activity was found between samples of different
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timepoints from a healthy control (data not shown). Further-of telomere length after 2 years of treatment. Because telomer-
more, increases of 10-fold to 100-fold in telomerase activityase antagonists have been proposed as anticancer?ditgs,
during progression, as shown in the CDBcells from patients  might be interesting to study the long-term effects of telomerase
232 and 39, did not prevent these cells from losing telomerénhibition by nucleoside analogs on telomere length and devel-
length? This indicates that differences in low telomerase opment of AIDS-related malignancies.
activity levels as found in a population of quiescent T cells by  |n conclusion, telomerase activity and upregulation in HIV-1
the TRAP assay do not correlate with telomere length changesafection, which are in the normal range, are not related to
Secondly, higher levels of telomerase activity could betelomere length loss and thus cannot explain differential telo-
measured after stimulation in vitro. These levels of telomerasgnere length loss in CD4and CD8 T cells.
activity are shown to compensate telomere shortening of cells
for a limited amount of population doubling®!4 In HIV-
infected patients, telomerase activity was upregulated after
stimulation in vitro, but did not exceed the normal level of We thank DrA. van't Wout, N. Kootstra, Dr H. Schuitemaker, and M.
activation. Moreover, decreased upregulation of telomeras&Vesters for providing us with tissue samples; our colleagues at the
activity late in infection did not lead to accelerated loss of €D4 Municipal Health Service, N. Albrecht and J. Maas, for providing us
T-cell telomere length, while normal upregulation late in with fresh blood samples from cohort participants; Dr F. de Wolf and M.

infection did not prevent CD8T cells from losing telomere Bakker from the Academical Medical Hospital for data on viral load;
length (Table ). and Dr G. Pantaleo for stimulating discussions.
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