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1. ABSTRACT  
 

Although patients treated with HIV protease 
inhibitor (PI) containing regimens manifest increases in 
naïve T cell number, it is unclear whether this is due to 
reduction in viral replication or a direct drug effect.  We 
questioned whether Nelfinavir monotherapy directly 
impacted naïve T-cell number in HIV-negative individuals.  
HIV-negative volunteers received Nelfinavir, 1250 mg 
orally, BID for 3 weeks, and T-cell receptor recombination 
excision circles (TREC) content in peripheral blood were 
assessed.  Whereas TREC copies did not change over 3 
weeks in untreated controls, TREC copies/copies CCR5 
increased following Nelfinavir monotherapy in 8 patients 
(p<0.02), and did not change in 7 patients (p=NS).  Those 
patients who responded were younger than those who did 
not with a median age of 55 years for responders and 71 
years for non-responders (p<0.03).  The increase in TREC 
was most pronounced in those patients less than 40-years 
old (p<0.01).  Moreover, the patients who did not increase 
TREC levels were more likely to have suffered a medical 
illness previously shown to reduce thymic function.  In 
HIV-negative patients, monotherapy with the HIV PI 
Nelfinavir for 21 days increases TREC-positive naïve T 
cell number, particularly in individuals who are healthy and 
young.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 
 Highly active antiretroviral therapy (HAART) 
has altered the course of Human Immunodeficiency Virus 
(HIV) infection.  Treatment with a combination of 
nucleoside analogs and protease inhibitors result in 
profound inhibition of HIV replication, as well as 
quantitative and qualitative improvements in host immune 
function.  T-cell counts increase to varying degrees in 
patients on HAART therapy.  The increase in CD4+ T cells 
may result from homeostatic expansion of existing T cells, 
as well as production of new T cells from the thymus.  
Several groups have reported that HIV-infected individuals 
receiving HAART produce thymic-derived naïve T cells, as 
determined by T-cell receptor (TCR) excision circles 
(TREC) (1-4).  However, it remains unclear whether 
HAART increases thymic T-cell output by reducing the 
pathogenic effects of HIV on the thymus or by a direct drug 
effect on the thymus. 
 

A recent report demonstrated an increase in 
TREC-positive cells from the peripheral blood of HIV-
negative health-care workers who received Nelfinavir, 
Zidovudine, and Lamivudine HAART for 28 days for post-
HIV-exposure prophylaxis (PEP) (5), raising the possibility 
that HAART may directly impact thymic output.   



Effect of Nelfinavir on TREC levels 

1606 

Increasing evidence suggests that HIV protease 
inhibitors have intrinsic immunomodulatory activity.  
These effects include inhibition of proteasome function (6), 
anti-tumor effects in models of Kaposi’s sarcoma (7), 
reduced cellular activation associated with inhibited NF-κB 
activation (8), direct inhibition of calpain (9), matrix 
metalloprotinease (7), and aspartyl proteases produce by 
PCP (10), and Candida (11), as well as anti-apoptotic 
effects (12).  These effects also occur in vivo, since mice 
implanted with Kaposi’s sarcoma and treated with 
Ritonavir experience significant tumor regression, and 
NOD/SCID mice implanted with adult T-cell leukemia 
cells experience reduced tumor growth in the presence of 
Ritonavir (8, 13).  In addition, treatment of mice with 
Nelfinavir/Ritonavir reduces mortality due to polymicrobial 
sepsis (14), Fas-induced hepatitis (15), SEB/D-gal induced 
shock (15) and reduces neuronal injury due to cerebral 
ischemia (15).  Therefore, HIV PIs have immunomodulatory 
effects in vivo during disease conditions unrelated to HIV. 

 
A principal function of the thymus is to produce 

naïve T cells, which can be recognized in the periphery by 
the presence of T-cell receptor excision circles (TREC) 
(16).  Upon entry to the thymus, bone-marrow derived 
CD34+ progenitors interact with the thymic stroma and 
undergo a series of maturation events, which require both 
activation, as well as the selective induction of apoptosis 
(17).  Since HIV PIs might impact both activation, as well 
as apoptosis, we hypothesized that the effect of HAART on 
naïve T-cell number might be due to the PI component of 
such therapy.  Since increases in naïve T-cell numbers 
might occur through expansion of existing peripheral naïve 
cells or by de novo thymic production, there is no 
phenotypic marker that can be used to selectively identify 
recent thymic emigrant T cells (18).  Instead, we 
specifically assessed the impact of Nelfinavir on thymic-
derived naïve T-cell numbers in the peripheral blood in 
healthy volunteers by quantitating TREC/CCR5 copy levels 
(19). 

 
3. MATERIALS AND METHODS 
 

Following approval by the Mayo Institutional 
Review Board, peripheral blood was sampled from 46 
healthy blood donors older than 18 years of age for baseline 
TREC analysis.  For the separate Nelfinavir trial, 15 HIV-
negative individuals with no active illness and older than 
18 years of age were given Nelfinavir, 1250 mg orally, 
twice a day for 21 days.  Blood for TREC analysis was 
obtained before therapy and on days 3, 5, 7, 14, and 21 
after starting therapy.  At each blood draw, side-effects 
were monitored and recorded from each subject.  Severity 
of diarrhea was graded as: Grade 0 - None; Grade 1- 
increase of  4 stools/day over pretreatment; Grade 2- 
increase of 4–6 stools/day, or nocturnal stools; Grade 3- 
increase of  7 stools/day or incontinence, or dehydration 
episode requiring parenteral support; Grade 4- episode of 
hemodynamic collapse requiring intensive care. 
 
3.1.  TREC analysis 
 DNA was isolated from peripheral blood 
mononuclear cells (PBMC) using an QIAamp Blood Mini 

DNA Kit (Qiagen, Valencia, CA) and assessed for signal 
joint (sj) TREC content relative to genomic CCR5 copies 
by real-time PCR in a spectroflourometric thermal cycler 
(ABI PRISM 7700 or 7900, PE Applied Biosystems, Foster 
City, CA).  SjTREC reactions contained 12.5pmol primers 
(forward CACATCCCTTTCAACCATGCT), reverse 
GCCAGCTGCAGGGTTTAGG) 3pmoles TaqMan probe 
(FAM-ACACCTCTGGTTTTTGTAAAGGTGCCCACT-
TAMRA), 1X TaqMan Universal PCR Master Mix (PE 
Applied Biosystems, Foster City, CA), and 50 to 400ng of 
template DNA in a total volume of 25 µl.  CCR5 reactions 
contained 12.5 pmol primers (forward 
GTGTCAAGTCCAATCTATGACATCAA, and reverse 
GCCTGCGATTTGCTTCACA), 3pmoles TaqMan probe 
(FAM-TATTATACATCGGAGCCCTGCCAAAAAATCA-
TAMRA), 1X TaqMan Universal PCR Master Mix, and 
50- 400 ng of template of genomic DNA in a total volume 
of 25µl.  Thermal cycling conditions consisted of a 2-
minute incubation at 50°C and an initial 
denaturation/activation step at 95οC for 10 minutes, 
followed by 40 cycles of 95οC for 15 seconds and 60οC for 
1 minute in a microplate format.  For each plate of 
reactions, standard curves were generated with 1-100,000 
copies of human sjTREC plasmid (provided by Dr. D. 
Douek, NIH) and human CCR5 plasmid (cloned by RT-
PCR into pCI) in order to calculate copies of TREC versus 
CCR5.   
 
3.2.  Statistical analysis 

Experiments from every figure were performed in 
duplicate and repeated at least twice.  All measurements are 
presented as means and standard deviations with statistical 
comparisons made between day 21 and baseline 
TREC/CCR5 measurements using the Student’s t test for 
paired observations.  For Figure 2, change in baseline to 
day 21 TREC/CCR5 levels were stratified according to 
subjects age with 2 subjects <40, 2 subjects 40-65, and 11 
subjects >65 years old. 
 
4.  RESULTS  
 
 TREC levels were analyzed in 46 volunteers, 
ages 22-95 years old.  Consistent with previous findings 
(20), TREC level decreased with advancing subject age 
(R2= 0.6802) (Figure 1).  Fifteen HIV-negative adults, ages 
22-95, were treated with Nelfinavir, 1250 mg orally, twice 
a day for 21 days.  Nelfinavir monotherapy was clinically 
well tolerated; six (40%) of the subjects experienced Grade 
1 or 2 diarrhea, and all subjects completed the 21 days of 
therapy.  Compliance was good in all patients, as assessed 
by self-reporting and pill counts at the time of each blood 
draw.   
 

In order to establish if Nelfinavir monotherapy 
increased naïve T cells after 21 days of treatment in adult 
subjects, a paired analysis of change in TREC levels from 
baseline to days 3, 5, 7, 14, and 21 were determined.  In our 
previous report, TREC/CCR5 levels on T cells did not alter 
over 21 days in an untreated control group of two HIV-
negative adults (5).  No significant change in TREC levels 
occurred below baseline (day 0) and days 3, 5, 7, or 14.  
After 21 days of therapy, although there was no change
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Table 1.  Characteristics of HIV-negative subjects treated with Nelfinavir for 21 days   
Subject Age Cancer Chronic Disease Delta TREC (x10-3) 
1 67 Breast  +0.30 
2 88   +0.20 
3 71  Parkinson’s Disease -0.30 
4 75   -0.15 
5 77 Prostate  -0.12 
6 78  Diabetes Mellitus -0.10 
7 81  Parkinson’s Disease -0.12 
8 90   +0.20 
9 78 Lung  -0.11 
10 63   +0.34 
11 74   +0.14 
12 36   -0.70 
13 26   +0.30 
14 23   +1.1 
15 33   +0.8 

 Delta TREC levels represent day 21 TREC levels (end of therapy) – baseline TREC levels (before therapy) 
 
 

 
 
Figure 1.  TREC levels decrease with advancing age.  
Baseline TREC/CCR5 copies were assessed from the 
peripheral blood of healthy adults.  The results are plotted 
according to subject age. 
 

 
 
Figure 2.  Nelfinavir therapy increases TREC levels in a 
subset of healthy adults. 

 
between baseline and day 21 TREC/CCR5 levels when the 
entire cohort was analyzed, it was apparent that some 
subjects responded to Nelfinavir therapy with increasing 
TREC/CCR5 copy levels.  Since no patient in our control 
group had any increase in TREC levels over a 3-week 
period, we analyzed volunteers who increased 
TREC/CCR5 levels separately (5).  Eight volunteers (53% 

of total) responded to Nelfinavir therapy with increases in 
TREC numbers from baseline to day 21, with a median 
increase in TRECs of 1.2 copies TREC/CCR5 (p<0.02).  
Conversely, 7 volunteers (47% of total) did not increase 
TREC numbers following 21 days of Nelfinavir (Figure 2).   

 
Although only half of the subjects increased 

TREC/CCR5 levels after Nelfinavir therapy, sub-group 
analysis demonstrated an age-related association.  The 
average increase in TREC levels for subjects less than 40 
was 1.2 TREC/CCR5 copies, for subjects 40-65 was 0.80 
TREC/CCR5 copies, and the average change in TREC 
levels for subjects greater than 65 was 0.89 TREC/CCR5 
copies after Nelfinavir therapy.  The median age of the 
responders was 55 years (range 23-90), whereas, the mean 
age of the non-responders was 71 years (range 37-88) 
(p<0.03), suggesting that age, and consequently, thymic 
reserve might determine thymic response to Nelfinavir.    

 
5.   DISCUSSION 

Our results confirm that the normal process of 
aging results in impaired thymopoiesis (Figure 1) that may 
predispose to infections and cancers (20-23).  Moreover, 
aging-associated impairments in thymopoiesis, and/or 
thymic reserve, appear to influence thymic response to 
Nelfinavir therapy (Figure 2).  Younger compared to older 
individuals responded more robustly to Nelfinavir, 
consistent with observations that aging is associated with 
reduced thymic stroma, size, function, and output (24).  

 
The overlap in ages between Nelfinavir 

responders and non-responders is likely reflective of aging-
independent causes of early thymic atrophy, including 
puberty, pregnancy, stress, exercise and trauma, as well as 
disease states including cancers, Diabetes, and Parkinson’s 
disease [reviewed in (24)].  Of note, five of the seven non-
responders had prior or chronic illness that may have 
decreased their thymic reserve, including prostate cancer, 
non-small cell lung cancer, Diabetes mellitus, and 
Parkinson’s disease (25).  In contrast, only one of eight of 
the responders had a similar illness (Table 1).  Increased 
understanding of thymic biology has led to cytokine and 
hormone-based approaches to reversing thymic involution 
in animal models using agents such as IL-7 (26), GH (27), 
IGF-1 (28).  Recognizing that HIV PI may also impact 
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thymic function, offers new insights into potential therapies 
aimed at restoring thymic function in vivo.  Moreover, the 
changes observed in this study confirm and highlight the 
direct immunologic effects of HIV PI therapy.   
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