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Human endogenous retrovirus (HERV)-specific T cell responses in HIV-1-infected adults have been re-
ported. Whether HERV-specific immunity exists in vertically HIV-1-infected children is unknown. We per-
formed a cross-sectional analysis of HERV-specific T cell responses in 42 vertically HIV-1-infected children.
HERV (-H, -K, and -L family)-specific T cell responses were identified in 26 of 42 subjects, with the greatest
magnitude observed for the responses to HERV-L. These HERV-specific T cell responses were inversely
correlated with the HIV-1 plasma viral load and positively correlated with CD4� T cell counts. These data
indicate that HERV-specific T cells may participate in controlling HIV-1 replication and that certain highly
conserved HERV-derived proteins may serve as promising therapeutic vaccine targets in HIV-1-infected
children.

Studies of HIV-1 pathogenesis in vertically HIV-1-infected
infants before the advent of antiretroviral therapy (ART)
showed persistently high levels of plasma viremia for the first
year of life, followed by a decline in viral burden by the age of
three (18, 19). Moreover, a higher proportion of HIV-1-in-
fected infants exhibited rapid disease progression to AIDS and
death than that seen for adults (22). While remarkable prog-
ress has been made toward wider access to antiretroviral drugs,
the majority of HIV-1-infected children worldwide remain un-
treated, resulting in high mortality rates among HIV-1-in-
fected children less than 5 years of age.

Vertical transmission rates in the United States declined by
over two-thirds with the introduction in 1994 of perinatal
zidovudine (ZDV) prophylaxis, as per the ACTG 076 protocol
(5, 27). Further reductions in transmission, to less than 2%,
have been achieved with more effective antenatal and perinatal
chemoprophylactic regimens and improved obstetric practices
(14, 27). However, despite the availability of potent drugs,
HIV-1-infected infants and children continue to have difficulty
controlling plasma viremia due to multiple factors unique to
pediatrics, including drug formulation and palatability issues,
altered pharmacokinetics, novel toxicities, and caregiver-re-

lated problems. These obstacles have led to high levels of drug
resistance among these patients, limiting future treatment op-
tions and increasing the financial and social costs of treating
this disease.

The human genome is littered with retroviral gene elements
known as human endogenous retroviruses (HERV). HERV
comprise around 8 to 10% of the entire human genome and
are thought to represent footprints of ancient retroviral infec-
tions which incorporated into germ line DNA (26). There are
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TABLE 1. Subject demographics and disease characteristicsa

Parameter Median value (IQR) or no. (%)

Demographics
Median age (yr) .............................................. 14.7 (12.4–17.8)
Male/female.....................................................21 (50%)/21 (50%)
Race

Black............................................................. 26 (62%)
Hispanic ....................................................... 16 (38%)

Disease characteristics
1994 CDC class

N (none)....................................................... 4 (9.5%)
A (mild) ....................................................... 16 (38%)
B (moderate) ............................................... 16 (38%)
C (AIDS defining) ...................................... 6 (14.5%)

CD4 cells (%).................................................. 28 (17.8–31.5)
CD4 cell count (cells/�l)................................ 502 (354–1,762)
HIV-1 RNA (copies/ml) ................................ 4,898 (567–34,250)

Antiretroviral therapy
NRTIs .............................................................. 12 (28.6%)
NRTIs � NNRTIs.......................................... 5 (12%)
NRTIs � PI .................................................... 18 (43%)
Complex ART (�3 classes)........................... 7 (16.4%)

a Data are median values (IQR) and numbers (%). NRTIs, nucleoside reverse
transcriptase inhibitors; NNRTIs, nonnucleoside RTIs; PI, protease inhibito;
1994 CDC class, the 1994 CDC classification system, based on symptoms.
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three separate classes of HERV, each of which is further sub-
divided into different families. Most HERV are defective due
to the accumulation of mutations and deletions. However,
some HERV families, e.g., HERV-H, HERV-W, HERV-K,
and HERV-L, possess intact open reading frames encoding
structural gene products (1, 3, 8, 15, 16) and are able to express
these and other viral products under certain conditions (4, 13).
In addition, some HERV have been shown to be associated
with some autoimmune diseases and cancers (20, 21). In cer-
tain circumstances, exogenous retrovirus infections such as
HIV-1 have been shown to induce HERV-K expression (6, 7,
11). We have previously shown that HIV-1-infected adults can
mount anti-HERV-specific T cell responses and that an inverse
relationship exists between the magnitude of the HERV-spe-
cific T cell response and the level of HIV-1 viremia in un-
treated patients, in both the early (10) and the chronic (23)
phases of the disease. This finding suggests that HERV-spe-

cific immunity may be contributing to the control of viral rep-
lication in adults. The purpose of this study was to determine
whether vertically HIV-1-infected children can also mount an
anti-HERV response.

We performed a cross-sectional study to investigate HERV-
specific T cell responses in 42 vertically HIV-1-infected pa-
tients. Study subjects were recruited from a large outpatient
pediatric HIV-1 clinic located at Jacobi Medical Center,
Bronx, NY (Table 1). We obtained heparinized blood samples
with appropriate informed consent under approval from the
University of California, San Francisco (UCSF) and Jacobi
Medical Center institutional review board (IRB) committees.
All patients were self-identified as African American or His-
panic. The plasma HIV-1 RNA load was measured with an
Amplicor HIV-1 monitor (Roche Diagnostic Systems), which
has a lower limit of quantification of 50 copies of viral RNA/
ml. HERV and HIV-1 peptides were manufactured as de-

FIG. 1. HERV-specific T cell responses in vertically HIV-1-infected subjects. (a) The x axis represents peptides specific for HERV-H,
HERV-W, HERV-K, and HERV-L families. The y axis indicates IFN-� spot-forming units (SFU)/106 PBMC. The black circles represent each
patient. The dotted horizontal line indicates the cutoff point, which is �50 SFU and two times higher than the background. All values are shown
after background subtraction. (b) Distribution of HERV responses among subjects. (c) HERV-specific T cell responses in 10 healthy controls.
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scribed previously (10). Cryopreserved peripheral blood mono-
nuclear cells (PBMC) from study participants were thawed and
screened for responses against a set of 28 HERV peptides (10)
using a gamma interferon (IFN-�) enzyme-linked immunosor-
bent spot (ELISPOT) assay (24, 23). All samples were tested in
duplicate (at 105 cells per well) with the peptides at a concen-
tration of 100 �g/ml per well. The high peptide concentration
was used in the ELISPOT assays to detect low-avidity re-
sponses. This concentration elicited responses in the range of
50 to 715 spots per 106 PBMC. The numbers of spots for
duplicate wells were averaged and normalized to numbers of
IFN-�-secreting spot-forming units (SFU) per 1 � 106 PBMC.
The spot values from medium control wells were subtracted,
after which a response was considered positive if it was �50
spots per million PBMC and �2 times higher than that in the
background medium. HLA restriction was performed using
patient-derived PBMC plus peptide-pulsed or unpulsed single-
HLA allele B cell transfectants as targets in the ELISPOT
assay. HLA typing was performed using an All Set HLA typing
kit (Invitrogen, Eugene, OR).

Twenty-six patients had at least one HERV-specific T cell

response. The breadth and magnitude of the responses varied
(Fig. 1a). While some HERV peptides failed to elicit any
response, most of the peptides stimulated a response in one or
more subjects (Fig. 1b). No anti-HERV T cell responses were
observed for 10 healthy HIV-1-uninfected controls (median
age, 46 years; interquartile range [IQR], 32 to 51 years) (Fig.
1c). Multiple full-length open reading frames for all HERV-K
proteins have been found in the human genome (2). There-
fore, we hypothesized that many of the HERV-specific T cell
responses would match epitopes from the HERV-K family. To
our surprise, HERV-L- and HERV-H-specific epitopes elic-
ited high-magnitude T cell responses in many subjects (Fig. 1a
and b).

We also examined whether anti-HERV T cell responses
were inversely related to the HIV-1 plasma viral load. There
was a significant negative correlation between total HERV-
specific T cell responses and HIV-1 plasma viral load (P �
0.006, Spearman r � �0.417) (Fig. 2a). In addition, a signifi-
cant negative correlation was also found when the average
combined HERV-specific T cell responses were compared
with the HIV-1 plasma viral load (P � 0.006, Spearman r �

FIG. 2. Inverse correlation between anti-HERV T cell responses and HIV-1 plasma viral load, and absolute CD4� T cell count (cells/�l).
PBMC from 42 vertically HIV-1-infected subjects on combined antiretroviral therapy (cART) were analyzed by ELISPOT assay for HERV
responses. The total sum and average of HERV responses (�50 SFU/106 PBMC and two times higher background) had a significant inverse
correlation with the HIV-1 plasma viral load. (a) Total sum of HERV responses versus HIV-1 plasma viral load as shown in the figure. (b) Average
HERV response versus HIV-1 plasma viral load. (c) Significant direct correlation between total sum of HERV responses versus absolute CD4�

T cell count (CD4abs).
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�0.416) (Fig. 2b). No significant correlation was found when
anti-HERV and anti-HIV-1 T cell responses were compared
(data not shown), suggesting that these two responses are
independent and that within a given peptide set, children with
HERV-specific T cell responses do not necessarily mount con-
comitant HIV-1-specific responses. We also detected a signif-
icant direct correlation between the total HERV-specific T cell
response and CD4� T cell count (P � 0.0496, Spearman r �
0.304) (Fig. 2c). CD4� T cells may influence the quality of the
CD8� T cell response, and we would predict that patients with
higher CD4� T cell levels and greater degrees of immunocom-
petence would generate robust anti-HERV responses with en-
hanced functional capacities. This is consistent with our obser-
vation of a direct association between the HERV response and
the CD4� T cell count.

While most perinatal HIV-1 transmission takes place at the
time of birth, it is well established that maternal-fetal trans-
mission of HIV-1 can also occur throughout gestation (9, 12,
25). Infection in utero could lead to the induction of immuno-
logical tolerance to HIV-1 (17) as well as to any induced
HERV products. Our data clearly demonstrate that vertically
infected children can mount anti-HERV responses. However,
the impact of antiretroviral therapy on HIV-1 replication and
HERV expression, and its corresponding influence on the host
HERV and HIV-1 response, needs to be further addressed
before any protective function can be attributed to HERV-
specific responses.

Previous studies have shown that ART can diminish but not
fully extinguish HERV RNA expression and, by inference,
HERV protein production. This question was approached in a
more systematic fashion by performing a longitudinal study of
CD8� T cell responses to an HLA-restricted HERV peptide
within a single treatment-experienced patient (S1) initiating
potent combination antiretroviral therapy (cART). In order to
determine the HLA restriction of the HERV-K reverse trans-

criptase (RT) FAFTIPAI (FI8) peptide-specific T cell re-
sponse, we used single-allele B cell transfectants to determine
the restriction of the FI8 peptide. Briefly, 104 B cell transfec-
tants were pulsed with peptide for 1 h at 37°C followed by three
washes before cells were added to a standard ELISPOT assay
with PBMC (23). FI8-pulsed HLA-A*02-positive B cell trans-
fectants elicited a strong IFN-� response when incubated with
PBMC derived from S1, whereas FI8-pulsed HLA-unmatched
(HLA-A*02-negative) B cell transfectants elicited only a back-
ground response, indicating that the FI8 response was re-
stricted by HLA-A*02 (Fig. 3a). Of note, the HERV FI8 re-
sponse can also be restricted by HLA-B51 in other individuals
(23).

The FI8-specific T cell response was dose dependent, as
the strength of the response (in SFU/million PBMC) dimin-
ished with decreasing concentrations of the FI8 peptide
(Fig. 3b). The response to the FI8 peptide was highest in the
setting of detectable but low HIV-1 viremia (3,900 copies/
ml) and stable CD4� T cell count (674 cells/mm3) in August
2005 and, interestingly, declined as the HIV-1 viral load
peaked at 165,223 copies/ml in April 2010, before the pa-
tient began a more effective suppressive cART regimen. The
FI8 response remained low in September 2010 in the setting
of poor immune reconstitution (CD4� T cell count, 267
cells/mm3) and an HIV-1 viral load that had begun to re-
bound to 331 copies/ml after a brief period of transiently
suppressive cART (Fig. 4). This trend is in agreement with
our recent published data on untreated adults with chronic
HIV-1 infection, showing that untreated HIV-1-infected in-
dividuals with the ability to control viral replication in the
absence of treatment (“controllers”) had stronger and
broader HERV-specific T cell responses than patients with
ART suppression of viral replication (ART-suppressed pa-
tients), virologic noncontrollers, immunologic progressors,
and uninfected controls (23). In addition, we showed that

FIG. 3. HLA restriction and peptide titration. (a) Subject S1’s response to peptide HERV-K: FAFTIPAI (FI8) is restricted by the HLA-A02
allele in an ELISPOT-based assay. PBMC were incubated with the following: (bar 1) medium, (2) HLA-A02� B cells pulsed with FI8 peptide, (3)
HLA-A02-B cells pulsed with FI8 peptide, (4) HLA-A02� unpulsed B cells, (5) HLA-A02� unpulsed B cells (6) all of the above conditions using
B cells alone, without PBMC, (7) HERV-K FI8 peptide with PBMC. (b) HERV-K FI8 peptide titration for patient P1 shows that FI8 is able to
elicit a T cell response up to 10 �g/ml.
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anti-HERV T cell responses were associated with lower
HIV-1 viral loads and higher CD4� counts in untreated
HIV-1-infected adults (23). Our data suggest that anti-
HERV T cell responses have the potential to act against
HIV-1, but we cannot rule out the possibility that stron-
ger HERV responses may simply be a reflection of a more
intact immunological status. Recent data from our lab
showed that HIV-1-infected subjects with preserved CD4�

T cell counts had no differences in their cytomegalovirus
(CMV) pp65 T cell responses, while progressors with low
CD4� T cell counts had lower CMV pp65 responses than
controllers and highly active antiretroviral therapy
(HAART)-suppressed patients (23).

Due to current treatment guidelines, most vertically HIV-
1-infected individuals in the United States are prescribed
ART, albeit with variable levels of adherence. Imperfect
adherence leads to fluctuating levels of viremia and eventu-
ally leads to drug resistance and treatment failure. We iden-
tified one such subject (S1) with a history of poor adherence
to ART and high-grade viremia who was found to mount an
HLA-restricted response to a particular HERV-K RT pep-
tide, FI8. The kinetics of this patient’s HERV response were
consistent with our cross-sectional data demonstrating that
individuals who lack strong HERV responses have high
HIV-1 viral loads and low CD4� T cell counts. Since older
vertically infected cohorts like the one studied here do not
typically include antiretroviral-naïve subjects, we were able
to examine HERV responses only among treatment-experi-
enced patients. We were therefore surprised to find a sig-
nificant inverse relationship between the HERV response
magnitude and clinical measures of HIV-1 disease progres-
sion despite the heterogeneity in our subjects’ ART regi-
mens and levels of adherence.

While HIV-1 undergoes an intrinsically high degree of
mutation and diversification during the course of infection,
HERV proteins expressed on the surface of HIV-1-infected
cells remain conserved. Since anti-HERV-specific cytotoxic

T cells have the potential to target any HIV-1-infected cell
expressing these endogenous retroviral antigens irrespective
of HIV-1 sequence variation, they may serve as excellent
therapeutic or preventive vaccine candidates.
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