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Regeneration and tolerance factor (RTF) plays a pivotal role in successful pregnancy outcome and has
potent immunomodulating properties. During pregnancy, it is abundantly expressed in the placenta and on
peripheral B lymphocytes. Several lines of evidence suggest that both successful pregnancy outcome and
progression from human immunodeficiency virus (HIV) infection to AIDS are associated with a Th2-type
response. As a result, we hypothesized that the cellular expression of RTF may also be increased during
infection with HIV. Using flow cytometric analysis, we showed a significantly (P < 0.01) increased expression
of RTF on CD31 cells obtained from individuals with HIV over that for individuals without HIV. On average,
32.1% of the CD31 cells from individuals with HIV expressed high levels of RTF. In contrast, an average of only
6.7% of the CD31 cells from individuals without HIV expressed high levels of RTF. Similar results were
obtained when CD191 cells from individuals with (mean, 44.1%) and without (mean, 25.8%) HIV were
evaluated. Linear regression analysis suggested that high levels of RTF expression by CD31 cells correlated
better with viral load (r value, 0.46) than with absolute CD4 count (r value, 0.09). While additional experiments
are necessary to delineate the precise immunologic role of RTF, our current data suggest that RTF expression
during HIV infection may be a useful marker of immune activation.

Regeneration and tolerance factor (RTF) is a recently de-
scribed 70-kDa protein that exists as a 50-kDa membrane-
associated form or an extracellularly cleaved 20-kDa soluble
form (2, 20). It is abundantly expressed within the developing
fetal placental unit and by decidual lymphocytes (24, 29). Pe-
ripheral blood B lymphocytes of pregnant women (8, 24) and
often the NK cells of pregnant women with histories of recur-
rent spontaneous abortion also express RTF (8). We demon-
strated previously that the pregnancies of Swiss Webster mice
were completely ablated when treated with monoclonal anti-
body (MAb) to RTF (1, 26). Collectively, these studies suggest
that RTF plays a pivotal role in pregnancy. However, the
precise immunologic mechanisms by which the fetal allograft
survives during pregnancy are not well elucidated. Th2-type
cytokines produced at the maternal fetal interface act to pro-
mote fetal growth (4, 13, 16), while Th1-type cytokines have a
deleterious effect on successful pregnancy outcome (14, 32).
RTF does possess potent immunomodulating properties. It
inhibits the allogeneic response in a mixed lymphocyte reaction
(15). These data suggest that RTF may be involved in poten-
tiating or maintaining the Th2-type response that is essential to
successful pregnancy outcome (33).

It has been proposed that progression from infection with
human immunodeficiency virus (HIV) to AIDS may also be
associated with a shift from a Th1- to a Th2-type response
(5–7, 19). However, the findings of some studies do not support
this hypothesis (10). In the current study, we investigated lym-
phocyte surface expression of RTF in individuals with HIV.

We showed an increase in RTF expression on peripheral blood
CD31 and CD191 cells obtained from individuals infected
with HIV over that for individuals not infected with HIV.

MATERIALS AND METHODS

Study subjects. HIV-infected individuals did not have to meet any special
criteria to be included in the study. During a 12-week period, all available
sodium-heparin-anticoagulated peripheral blood samples obtained from HIV-
infected individuals at Mount Sinai Hospital, Chicago, Ill., were included in the
study. During this time, 25 samples were collected from individuals aged 25.4 to
64.6 years (mean, 39.5 years). Of the 25 patients evaluated, 3 were inpatients and
22 were outpatients. Furthermore, all three AIDS surveillance case definitions
(3) based on absolute numbers of CD41 T lymphocytes were included in this
study (category 1, .500 CD41 T lymphocytes/ml of blood; category 2, 499 to 200
CD41 T lymphocytes/ml of blood; and category 3, ,200 CD41 T lymphocytes/ml
of blood). Sodium-heparin-anticoagulated peripheral blood samples were also
obtained from 13 uninfected, healthy donors (aged 22.3 to 50.8 years; mean, 32.5
years) at Finch University of Health Sciences/The Chicago Medical School,
North Chicago, Ill. The appropriate local institutional review boards approved
this study.

Determination of absolute CD4 counts and acquisition of clinical information.
The percentages of CD41 and CD81 T lymphocytes present in the lymphocyte
population of samples obtained from HIV-infected individuals were determined
by using flow cytometry and appropriately conjugated antibodies. The number of
lymphocytes present in the samples was determined with an automated hema-
tology machine. Absolute CD4 count was then calculated by multiplying the
percentage of CD41 T lymphocytes by the absolute lymphocyte count. Absolute
CD4 counts are expressed as the number of cells per microliter of blood. Viral
load determinations were obtained by a retrospective analysis of hospital-patient
records.

Antibody reagents. Peripheral blood T and B lymphocytes were identified with
phycoerythrin (PE)-conjugated antibodies to CD3 (Coulter, Miami, Fla.) and
CD19 (Coulter). A combination of fluorescein isothiocyanate (FITC)-conju-
gated MAb to CD45 and PE-conjugated MAb to CD14 (Ortho Diagnostics,
Raritan, N.J.) was also used. The murine hybridoma cell line 2C1 was used to
generate anti-RTF MAb. This hybridoma was generated with a synthetic peptide
(Clontech, Palo Alto, Calif.) representing amino acids 488 to 514 of the RTF
gene sequence (15) and produces a MAb of the immunoglobulin G1 (IgG1)
isotype (unpublished data). For ascites production, hybridoma cell line 2C1 was
grown in vitro and injected into the peritoneal cavities of pristane (Sigma, St.
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Louis, Mo.)-primed BALB/c mice (Charles River, Wilmington, Mass.). Ascites
fluid containing anti-RTF MAb was collected 14 to 21 days after injection,
purified, and conjugated by standard methods (11). Following conjugation, the
FITC (495 nm)-to-protein (280 nm) ratios of the MAb solutions were deter-
mined spectrophotometrically to be 1.0 and 1.1. Protein concentrations were
adjusted to 0.5 mg/ml. The specificity of the anti-RTF MAb was evaluated by
using murine IgG2a (Ortho Diagnostics) and IgG1 (Becton Dickinson, San Jose,
Calif.) isotype control antibodies conjugated with PE and FITC. The specificity
of the anti-RTF MAb was further evaluated with unconjugated mouse IgG1
(PharMingen, San Diego, Calif.).

Analysis of peripheral blood samples by flow cytometry. Within 24 h after
collection, peripheral blood samples from HIV-infected and uninfected individ-
uals were prepared for flow cytometric analysis with the Coulter Clone Immuno-
Lyse system. One-hundred-microliter samples of peripheral blood were labeled
with 10 ml of antibody to either CD45/CD14, CD3, or CD19 or isotype control
antibodies. Then, 30 ml of FITC-conjugated anti-RTF MAb was added to tubes
containing antibody to CD3 and CD19. After labeling, samples were immediately
analyzed with a Coulter Epics XL-MCL flow cytometer. Data from 10,000 cells
were acquired and analyzed with histogram and dot plot profiles of PE and FITC
fluorescence. Lymphocytes were identified with forward and side light scatter
parameters. Conjugated antibodies to CD45/CD14 were used to validate the
established lymphocyte gate. CD31 and CD191 cells were identified by PE
fluorescence. A second gate was established around these cells, and RTF ex-
pression of CD31 and CD191 cells was determined by FITC fluorescence.
Fluorescence negatives were defined with conjugated isotype control antibodies.
Markers established with isotype control antibodies suggested that all individuals
evaluated expressed RTF. To demonstrate differences in RTF expression be-
tween infected and uninfected individuals, all subsequent markers were estab-
lished with samples obtained from uninfected individuals. Marker placement was
established such that ,12% of the CD31 cells from .90% of all uninfected
individuals evaluated expressed high levels of RTF. As a result, percentages
indicate cells expressing high levels of RTF in individuals not infected and
infected with HIV.

Statistical evaluation. Statistical analysis was conducted with the Statworks
computer program. P values were determined by an unpaired t test. r values were
determined by linear regression analysis. The alpha level was set at 0.05 before
the experiments were started. The standard error of the mean was also calculated
for each of the groups represented in Fig. 3 and 4.

RESULTS

Evaluation of anti-RTF MAb specificity. The specificity of
the anti-RTF MAb was evaluated with two different isotype
control antibodies. Neither IgG2a (Fig. 1A and D)- nor IgG1
(Fig. 1B and E)-conjugated isotype control antibodies bound
to the surface of cells obtained from individuals without (Fig.
1A and B) or with (Fig. 1D and E) HIV infection. Further-
more, preincubation of peripheral blood samples with uncon-
jugated mouse IgG1 (15 mg) did not decrease the amount of
RTF expression detected in individuals with or without HIV
infection (data not shown). Flow cytometric histograms also
suggested that CD31 T lymphocytes obtained from uninfected
individuals expressed low levels of RTF (Fig. 1C). To demon-
strate differences in RTF expression between infected and
uninfected individuals, markers were established with samples
obtained from uninfected individuals. As a result, percentages
indicate cells expressing high levels of RTF in individuals not
infected (Fig. 1C) and infected (Fig. 1F) with HIV.

Flow cytometric analysis of RTF expression on CD31 and
CD191 cells. We used flow cytometric analysis to evaluate

FIG. 1. Histograms were generated by flow cytometric analysis and with either IgG2a (A and D) or IgG1 (B and E) isotype control antibodies or anti-RTF MAb
(C and F). Peripheral blood cells were obtained from an individual not infected (A to C) or infected (D to F) with HIV. Percentages indicate cells expressing high levels
of RTF.
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RTF expression by peripheral blood CD31 and CD191 cells
from individuals infected and not infected with HIV. Repre-
sentative flow cytometric dot plots demonstrate the increased
expression of RTF on CD31 and CD191 cells from an indi-
vidual with (Fig. 2A and B) and without (Fig. 2C and D) HIV
infection. When additional individuals were evaluated, we
demonstrated a significantly (P , 0.01) increased expression of
RTF on CD31 and CD191 cells from individuals with HIV
over that for uninfected individuals. On average, 32.1% of the
CD31 cells expressed high levels of RTF in individuals in-
fected with HIV (Fig. 3). In contrast, an average of only 6.7%
of the CD31 cells expressed high levels of RTF in individuals
not infected with HIV (Fig. 3). We further demonstrated that
a significantly (P , 0.03) greater percentage of CD191 cells
expressed high levels of RTF in individuals infected with HIV
(mean, 44.1%) than in individuals not infected with HIV
(mean, 25.8%) (Fig. 4).

Relationship of RTF expression on CD31 cells to other
clinical parameters. Absolute numbers of CD41 T lympho-
cytes and the percentages of both CD41 and CD81 T lympho-
cytes were determined for each individual at the same time
that RTF expression was evaluated (Table 1). Individuals rep-
resenting all three AIDS surveillance case definitions (3) were

included in the study. Linear regression analysis suggested that
RTF expression by CD31 cells did not correlate well with
absolute CD4 count (Fig. 5A), as this comparison yielded an r
value of 0.09. However, the five individuals with the greatest
percentage of CD31 cells expressing RTF did have absolute
CD4 counts below 200 cells/ml of blood (Table 1, individuals 1
to 5). In addition, RTF expression on CD31 cells did increase
as absolute CD4 counts decreased. Viral load determinations
were also obtained for a subset of HIV-infected individuals
included in the study (Table 1). In most cases, viral load de-
terminations were made at the same time that RTF expression
was evaluated. Linear regression analysis yielded an r value of
0.46 when RTF expression by CD31 cells was compared with
viral load (Fig. 5B). Furthermore, RTF expression on CD31

cells did increase as viral burden increased.

DISCUSSION

Human infection with HIV results in a multitude of complex
immunologic changes that are often manifested by the modu-
lation of different immune markers. In the current study, we
demonstrated an increased cellular expression of RTF on
CD31 and CD191 cells from individuals with HIV over that

FIG. 2. Flow cytometric analysis of either CD31 (A and C) or CD191 (B and D) peripheral blood cells expressing RTF from an individual infected (A and B) or
not infected (C and D) with HIV. CD31 and CD191 cells were identified by PE fluorescence. These cells were gated on, and RTF expression was determined by, FITC
fluorescence. Percentages indicate cells expressing high levels of RTF.
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for uninfected individuals. Specifically, a greater percentage of
CD31 cells expressed high levels of RTF in individuals in-
fected with HIV (mean, 32.1%) than in individuals not infected
with HIV (mean, 6.7%). Similar results were obtained when
CD191 cells from individuals infected (mean, 44.1%) and not
infected (mean, 25.8%) with HIV were evaluated for high
levels of RTF expression. Divergent T-lymphocyte expression
of RTF in these different groups of individuals may be due to
the skewing of different T-lymphocyte subpopulations. The

CD31 cell populations in HIV-infected and uninfected indi-
viduals are composed of very different T-lymphocyte subpopu-
lations. However, in preliminary studies we found that individ-
uals with HIV expressed high levels of RTF on both CD41 and
CD81 T lymphocytes (data not shown). Further studies are
needed to conclusively delineate which T-lymphocyte subsets
express RTF.

It is also possible that divergent RTF expression may be
reflective of individual risk group differences. The majority of
HIV-infected individuals included in the study contracted dis-
ease by heterosexual means and belong to the same risk group
as the uninfected control individuals. However, a subset of
HIV-infected individuals included in the study contracted dis-
ease by intravenous drug use. This risk group is not reflective
of the uninfected control group.

Linear regression analysis suggested that high levels of RTF
expression by CD31 cells correlated better with viral load (r
value, 0.46) than with absolute CD4 count (r value, 0.09).
These results may suggest that increased RTF expression is
designative of an immunologic change(s) not indicated by an
absolute CD4 count. These results may also indicate that the
relationship between RTF expression and absolute CD4 count
is nonlinear. That is, expression of RTF may not correlate with
absolute CD4 count until the health of an individual is in an
advanced deleterious state. In support, we showed that the five
individuals with the greatest percentage of CD31 cells express-
ing RTF all had absolute CD4 counts below 200 cells/ml of

FIG. 3. Flow cytometric analysis of CD31 peripheral blood cells expressing
high levels of RTF in individuals infected (n 5 25) or not infected (n 5 13) with
HIV. The bars represent standard errors of the means. Mean percentages of
high-level RTF expression for each group are indicated under the grouping
labels on the x axis.

FIG. 4. Flow cytometric analysis of CD191 peripheral blood cells expressing
high levels of RTF in individuals infected (n 5 25) or not infected (n 5 13) with
HIV. The bars represent standard errors of the means. Mean percentages of
high-level RTF expression for each group are indicated under the grouping
labels on the x axis.

FIG. 5. Linear regression comparison of high-level RTF expression on CD31

cells obtained from individuals infected with HIV and either absolute CD4 count
(n 5 25) (A) or viral load (n 5 10) (B). Linear regression coefficients (r values)
are indicated in the upper left corner of each linear regression graph. Lines on
graphs represent the mathematical best fit for the input data.
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blood. More-comprehensive studies may provide more-defin-
itive information regarding the relationship of RTF expression
to absolute CD4 count and viral load.

It is also possible that RTF expression may not correlate
with the degree of immune deficiency but may be coordinately
upregulated during the states of immune activation that exist
during bacterial and viral infections. Infection with HIV is
known to result in immune activation and the subsequent mod-
ulation of several different immune activation markers (9, 12,
17, 18, 27, 30). However, it is possible that increased expression
of RTF could be attributed to the presence of a secondary
infection and not to infection with HIV. Three of the 25 indi-
viduals evaluated for RTF expression in this study were hos-
pitalized with documented secondary infections (Table 1). In
addition, two of the outpatients evaluated had histories of
hepatitis C virus infection and three had influenza-like symp-
toms (Table 1). However, a more plausible explanation is that
RTF expression is coordinately upregulated during states of
immune activation including infection with HIV. In support,
the majority of HIV-infected individuals evaluated in this study
were asymptomatic outpatients but still had increased RTF
expression. Although no immune activation marker is specific
to infection with HIV, several have been shown to have prog-
nostic value (12, 17, 18, 30). The very pronounced increase in
RTF expression detected in individuals infected with HIV over
that for uninfected individuals suggests that evaluation of RTF
expression may also be a potentially useful immunologic marker.
Long-term evaluation of HIV-infected individuals is necessary
to determine if RTF expression changes with clinical status
during both remission and progression of disease.

Our current findings also raise intriguing questions regard-

ing the precise immunologic role of RTF expression during
HIV infection. We have shown previously that RTF plays a
pivotal role in successful pregnancy outcome (1, 8, 26). Suc-
cessful pregnancy is known to be associated with a polarization
from a Th1- to a Th2-type response (33). Similarly, the pro-
gression from infection with HIV to AIDS may also be driven
by a shift from a Th1- to a Th2-type response (5–7, 19). The
results of our current study demonstrate a very pronounced
increase in the percentage of cells expressing high levels of
RTF during infection with HIV. Collectively, the results of
these studies suggest that expression of RTF may be coordi-
nately upregulated during Th2-type responses. However, other
possible immunologic roles for RTF expression during HIV
infection exist. Direct infection of T lymphocytes with HIV can
result in cell death by a variety of mechanisms (28). Apoptosis
has been suggested as a mechanism of T-lymphocyte depletion
(21, 31). Cells from HIV-infected individuals do have an in-
creased propensity to undergo apoptosis (21–23, 25), particu-
larly in individuals with progressed disease (22, 25). Our un-
published data suggest that RTF is coordinately expressed on
the surface of apoptotic cells. Further studies are needed to
determine if T lymphocytes expressing RTF during HIV infec-
tion are also apoptotic.
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TABLE 1. Clinical information for individuals with HIV expressing RTF on the surface of peripheral blood T lymphocytesa

Individual
% of T lymphocytes

expressing high
levels of RTF

% of CD41/CD81

T lymphocytes
Absolute

CD4 count Viral load Admission status

1 76.4 22.0/47.2 170 340.0 In (pneumonia)
2 75.0 13.0/67.6 143 ND Out
3 65.2 0.9/18.4 68 ND Out
4 60.3 4.6/79.5 63 ND Out
5 48.2 17.0/62.2 187 ND Out (h/o hepatitis C)
6 47.3 6.8/10.5 246 ND Out
7 47.2 37.6/38.9 350 ND Out
8 45.2 27.5/65.1 447 8.2 In (peritonitis)
9 42.9 2.3/73.1 40 24.7 Out (h/o hepatitis C)
10 36.1 41.5/33.3 1,157 ND Out
11 35.2 30.0/36.7 317 15.0 Out
12 34.3 60.0/21.0 295 2.1 Out (influenza-like symptoms)
13 32.1 0.2/52.5 2 ND In (cytomegalovirus retinitis)
14 21.8 18.7/62.5 513 ND Out
15 20.4 39.0/44.2 290 ND Out
16 18.5 36.8/41.3 852 ND Out
17 18.1 26.6/51.0 528 ND Out (influenza-like symptoms)
18 16.0 25.9/49.7 356 5.9 Out
19 13.2 40.2/33.1 571 1.0 Out
20 11.5 21.5/60.3 465 ,0.5 Out (influenza-like symptoms)
21 10.2 0.9/26.2 23 40.0 Out
22 9.9 13.9/71.0 182 8.1 Out
23 9.1 20.4/64.8 212 ND Out
24 6.1 27.8/51.3 535 ND Out
25 2.9 18.8/42.5 221 ND Out

a The percentages of CD41 and CD81 T lymphocytes present in the lymphocyte population of the individuals evaluated were determined by flow cytometric analysis
and with appropriately conjugated antibodies. Absolute CD4 counts were determined at the same time that RTF expression was evaluated and are expressed as the
number of cells per microliter of blood. In most cases, viral load determinations were also made at the same time that RTF expression was evaluated. Viral load
determinations are expressed as the number of HIV RNA copies per milliliter of blood (103). ND, not determined. Admission status refers to in- or outpatient and
was recorded when RTF expression was evaluated. When known, the reason for the individual’s stay in or visit to the hospital is indicated in parentheses. h/o, history
of. The majority of evaluated individuals were asymptomatic outpatients visiting the hospital for routine evaluation.
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