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CD40 ligand (CD40L or CD154) is a costimulatory molecule expressed mainly on activated CD4� T cells.
Concentrations of the soluble form of CD40L (sCD40L) in serum were determined for a cohort of 77 human
immunodeficiency virus type 1 (HIV-1)-infected patients before and after initiation of highly active antiretro-
viral treatment (HAART) by a quantitative enzyme-linked immunosorbent assay. Circulating sCD40L levels
were higher by twofold in untreated patients than in healthy controls (means � standard deviations [SD]: 1.41
� 1.48 versus 0.69 � 0.59 ng/ml; P < 0.001). HIV-1-infected patients classified as CD4 T-cell category 1 had
significantly higher sCD40L levels than patients classified as CD4 categories 2 and 3 (mean � SD: 2.08 � 1.46
ng/ml versus 1.57 � 1.58 [category 2] and 0.94 � 1.25 ng/ml [category 3]; P � 0.046), while no correlation with
clinical categories A, B, and C was found. Individual serum sCD40L levels correlated with CD4� T-cell counts
(P � 0.039) but not with viral load, gamma globulin levels, or acute-inflammatory-response markers. After 8
to 12 months of HAART, a further threefold increase of serum sCD40L levels, which paralleled the increase of
CD4� T-cell counts, was observed. These novel findings suggest that sCD40L measurement in HIV-1-infected
patients could serve as a new surrogate marker useful in the assessment of treatment efficacy, especially in
settings where well-equipped laboratories and funding required for CD4� T-cell count and viral load mea-
surements are not available.

The costimulatory molecule CD40 ligand (CD40L or CD154)
is transiently expressed on the surfaces of T cells following
activation. However, the molecule is barely detectable on rest-
ing cells (14). The interaction between CD40L and its coun-
terreceptor, CD40, which is expressed on the surfaces of anti-
gen-presenting cells, is required for the productive B-cell
activation, antibody production, and isotype class switching.
This interaction may also play a key role in many diseases
characterized by immune system activation (5, 6, 10), including
human immunodeficiency virus type 1 (HIV-1) infection (9,
17). In fact, CD40L is overexpressed on the surfaces of CD4�

T cells in patients infected with HIV-1, and this overexpression
is corrected after antiretrovirus therapy, suggesting a role for
this molecule in the recovery of cell traffic disturbances and in
the T-cell renewal capacity (17).

A soluble isoform of CD40L (sCD40L), resulting from
cleavage of the surface molecule expressed on activated T cells,
is able to replace, at least in vitro, the normal T-cell-derived
CD40L signal to CD40-bearing cells (11). sCD40L can be
detected in the serum of healthy individuals (7, 19, 21), and
elevated levels, as well as functional capacity of sCD40L, have
been reported in patients with systemic lupus erythematosus
(7, 19), rheumatoid arthritis, systemic vasculitis, hepatitis B
virus infection (19), and lymphoproliferative disorders (21). To
the best of our knowledge, no data regarding the serum
sCD40L levels in HIV-1-infected patients have been reported.

Levels of soluble markers of T-cell activation in serum,
CD4� T-cell counts, and HIV viral load represent the three
categories of markers which are used for the prognosis of
disease progression and for assessment of treatment efficacy in
HIV-1 infection (4, 12). Both CD4� T-cell and viral-load mea-
surements are expensive tests, requiring sophisticated meth-
ods, and are not available to the majority of HIV-1-infected
patients. The relatively inexpensive and easily performed mea-
surements of T-cell activation-related soluble molecules can be
used as additional markers for disease progression and might
replace CD4� T-cell counts in resource-deprived settings.

This study was undertaken to determine serum sCD40L
levels in HIV-1-infected patients, to study the impact of highly
active antiretrovirus treatment (HAART) on them, and to
search for possible correlations between circulating sCD40L
levels and established surrogate markers, such as CD4� T-cell
counts and viral load.

MATERIALS AND METHODS

Study population. Seventy-seven consecutive HIV-1-infected patients were
enrolled in this study. The inclusion criteria were confirmed HIV-1 infection and
no prior antiretrovirus treatment. All patients with fever, neoplasm, or concur-
rent opportunistic infection at the time of initial presentation were excluded
from the study. After the initial evaluation, patients were placed on triple
HAART and were followed up with clinic visits at 4-month intervals. Blood
samples were obtained at study entry and after 8 to 12 months of HAART. Flow
cytometry measurements of CD4� T lymphocytes were performed as described
previously (2). In the analysis of our data CD4� T-cell counts always represent
the absolute number of cells per microliter. Viral load was measured by a
branched-DNA signal amplification assay (Chiron Corp., Emeryville, Calif.).
Acute-inflammatory-response markers, such as erythrocyte sedimentation rate
(ESR) and levels of C-reactive protein (CRP) in serum, as well as serum gamma
globulin levels, were determined in a clinical laboratory by using standard meth-
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ods. Serum from each blood sample was separated, aliquoted, frozen, and stored
at �80°C. Frozen sera from 20 healthy blood donors, age and sex matched, were
used as controls.

Measurement of serum sCD40 ligand levels. The detection and measurement
of serum sCD40L levels were carried out by using a commercially available
enzyme-linked immunosorbent assay (ELISA) based on the sandwich principle,
according to the manufacturer’s instructions (sCD40L ELISA test kit; Bender
Medsystems, Vienna, Austria). This assay is highly specific for the quantitative
determination of sCD40L in human sera and has a minimum sensitivity of 0.095
ng/ml. Intra- and interassay coefficients of variation were 4.0 and 6.8%, respec-
tively, and mean recovery was 91%, according to the manufacturer.

Statistical analysis. Means and standard deviations (SD) were computed for
each variable. The mean values between groups of patients at baseline were
compared by using the Student t test for unpaired data and the one-way analysis
of variance test. Spearman’s rank correlation coefficient for nonparametric vari-
ables was used to assess possible correlations between individual serum sCD40L
levels and CD4� T-cell count, viral-load, gamma globulin, CRP, and ESR de-
terminations. Baseline values and after-treatment values were compared by using
the t test for paired differences. Data are expressed as the means � SD. The level
of significance was a P value of 0.05. All analyses were conducted with SPSS
software (SPSS Inc., Chicago, Ill.) and reported P values are two-tailed.

RESULTS

Patient characteristics at baseline. We studied 77 patients,
of whom 67 (87%) were men and 10 (13%) were women (mean
age � SD, 37 � 10 years; range, 20 to 69 years). Regarding the
healthy controls, there were 17 (85%) men and 3 (15%)
women, (mean age � SD, 35 � 10 years; range 18 to 64 years).
The two populations (patients and controls) did not differ
significantly by sex or age. The study group included 56 homo-
sexual or bisexual men, 6 intravenous drug users, and 15 pa-
tients infected by heterosexual contact. The mean CD4 count
(absolute number) � SD was 335 � 248 cells/�l, with a range
of 24 to 1,139 cells/�l, and the median HIV-1 RNA level was
33,556 copies/ml, with an interquartile range of 13,194 to
75,978 copies/ml. Thirty-seven (48%) of the patients had AIDS
at initial evaluation, according to the 1993 Centers for Disease
Control and Prevention revised classification system for HIV
infection (1). Thirty-six patients were classified as clinical cat-
egory A, 22 were classified as clinical category B, and 19 were
classified as clinical category C. Regarding the CD4 T-cell
category, 13 patients were classified as category 1 (CD4� T-cell
counts, �500 cells/�l), 34 were classified as category 2 (200 to
500 cells/�l), and 30 were classified as category 3 (�200 cells/
�l).

Serum sCD40L levels are increased in HIV-1-infected pa-
tients. Serum sCD40L levels in the 77 HIV-1-infected patients
ranged from 0.10 to 6.80 ng/ml. Mean values of sCD40L were
significantly higher (by twofold) in HIV-1-infected patients
than in healthy controls (means � SD: 1.41 � 1.48 versus 0.69
� 0.59 ng/ml; P � 0.001), and they did not differ significantly

among patients classified as clinical categories A, B, and C
(means � SD: 1.56 � 1.51, 1.31 � 1.55, and 1.25 � 1.38 ng/ml,
respectively; P � 0.72).

Correlation of serum sCD40L levels with cellular and sero-
logic markers at baseline. Serum sCD40 ligand levels were
significantly higher in HIV-1-infected patients classified as
CD4� T-cell category 1 than in patients classified as CD4
categories 2 and 3 (means � SD: 2.08 � 1.46 ng/ml versus 1.57
� 1.58 [category 2] and 0.94 � 1.25 ng/ml [category 3]; P �
0.046) (Table 1). As shown in Table 2, a significant positive
correlation between individual serum sCD40L levels and
CD4� T-cell counts (P � 0.039) was observed, but no corre-
lation with viral load, gamma globulin levels, or acute-phase
response markers, such as CRP and ESR, was found.

Effect of HAART on sCD40L levels and CD4� T-cell counts.
In 62 of the 77 patients sCD40L levels were measured again at
8 to 12 months after the initiation of a HAART regimen.
Serum sCD40L levels ranged from 0.10 to 7.60 ng/ml and were
significantly higher than baseline levels (means � SD: 2.91 �
1.54 versus 1.16 � 1.4 ng/ml; P � 0.001 by paired t test). As
expected, CD4� T-cell counts were also significantly higher
than baseline (means � SD: 488 � 296 versus 295 � 248
cells/�l; P � 0.001). Figure 1 shows the scatter plot of CD4�

T-cell counts versus sCD40L levels before and after HAART
initiation. A clear shift in the distribution of both markers
toward higher levels after HAART initiation was observed.
Finally, while these 62 patients were under treatment, there
was again a significant correlation of sCD40L levels with CD4�

TABLE 1. Serum sCD40 ligand levels in 77 HIV-1-infected patients
classified according to their CD4 cell category

CD4 cell categorya No. of patients Mean sCD40 ligand level
(ng/ml) � SDb

1 (�500 cells/�l) 13 2.08 � 1.46
2 (200–500 cells/�l) 34 1.57 � 1.58
3 (�200 cells/�l) 30 0.94 � 1.25

a Classification according to the 1993 revised Centers for Disease Control and
Prevention classification system.

b For all values P � 0.046 by one-way analysis of variance.

TABLE 2. Correlation of serum sCD40L levels with other cellular
and serologic markers at baseline in 77 HIV-1-infected

patients before HAART initiation

Variable (units) Spearman rank
correlation coefficient P

CD4� T cells (cells/�l) 0.235 0.039
HIV-1 RNA (copies/ml) �0.100 0.386
CRP (mg/dl) �0.050 0.670
ESR (mm/1st h) �0.106 0.364
Gamma globulins (g/dl) �0.126 0.283

FIG. 1. Scatter plot of CD4� T-cell counts versus serum sCD40L
levels before (open circles) and after (solid circles) HAART initiation
in 62 HIV-1-infected patients. Superimposed are the corresponding
regression lines. Both parameters are significantly higher after treat-
ment (P � 0.001 by paired t test).
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T-cell counts (P � 0.01) but no correlation with viral load,
gamma globulin levels, or CRP and ESR was noted.

DISCUSSION

The multiple roles that the CD40L/CD40 system may play in
HIV-1 infection have been reviewed recently (9). The emerg-
ing significance of CD40L function in these patients is empha-
sized by in vitro findings showing that direct cell-cell contact
between normal donor-derived macrophages and cells engi-
neered to express CD40L resulted in the production of large
amounts of HIV-1-suppressive beta-chemokines (8). More-
over, treating macrophages with sCD40L also induced them to
secrete high levels of beta-chemokines, which were able to
protect CEMx174-CCR5 cells from infection by HIV-1 (3).

We have shown here that concentrations of circulating
sCD40L are elevated in patients infected with HIV-1, com-
pared to those in healthy controls. This finding of elevated
levels of sCD40L in spite of low numbers of CD4� T cells is
not surprising, taking into consideration that the CD40L mol-
ecule is expressed on activated T cells and not on resting T cells
(5, 14) and that HIV-1 infection is characterized by extreme
T-cell activation (13). Sousa et al. have indeed found signifi-
cantly enhanced proportions and counts of CD40L-expressing
cells within the CD4� T-cell subset in asymptomatic, un-
treated, HIV-1-infected patients (17). Elevated serum sCD40L
levels in our patients, most probably resulting from cleavage of
the surface molecule, should be attributed solely to HIV-1
infection because patients with other conditions causing im-
mune system activation, such as fever, neoplasm, and concur-
rent opportunistic infection, were excluded from the study.

At baseline, serum sCD40L levels were significantly higher
among patients classified at CD4� T-cell category 1 than
among patients classified as CD4 categories 2 and 3. Con-
versely, there was no significant difference in sCD40L levels
among clinical categories. When the association of sCD40L
levels with other laboratory parameters was examined, it was
found that circulating sCD40L levels correlated significantly
with CD4� T-cell counts. Taken together, these data suggest
that the progressive decline of CD4� T-cell counts caused by
HIV-1 infection is followed by a decline in serum sCD40L
levels, since CD40L is expressed mainly on CD4� T cells. A
defective in vitro induction of CD40L expression on the sur-
faces of anti-CD3-stimulated T cells in more-advanced stages
of HIV-1 infection has been observed (18, 20), while in pa-
tients who have developed AIDS a selective depletion of
CD4� CD40L� T cells has been reported (9). On the other
hand, the lack of association of sCD40L levels with acute-
inflammatory-response markers (CRP and ESR) or B-cell ac-
tivation (serum gamma globulin levels) suggests that serum
sCD40L levels reflect specifically the presence of activated
CD4� T cells and not immune system activation in general.

In 62 patients serum sCD40L levels were determined before
and after treatment with a HAART regimen. Serum sCD40L
concentrations in individual patients were significantly higher
after treatment, and this increase paralleled the expected in-
crease in CD4� T-cell counts. Moreover, after treatment se-
rum sCD40L levels correlated again to CD4� T-cell counts but
not to other markers of immune system activation. The finding
that HAART results in even higher sCD40L levels may seem

paradoxical, especially in light of the observation that surface
CD40L overexpression on CD4� T cells is corrected during
HAART (17). However, this is not the case because increased
levels of circulating CD40L might simply result from the
HAART-induced increase in the absolute numbers of CD4� T
cells. A portion of these cells are still activated, expressing the
CD40L surface molecule (albeit downregulated), since the vi-
rus is not eradicated. Although we have not addressed T-cell
surface expression of CD40L in our patients, an alternative
hypothesis is that downregulation of the surface CD40L mol-
ecule might be associated with increased cleavage, thus result-
ing in elevated serum sCD40L levels. In any case, the HAART-
induced increase in CD4� T cells is associated with a parallel
increase in serum sCD40L levels. Therefore, we propose that
sCD40L levels could be used as an additional marker to assess
the efficacy of treatment. A significant difference between pre-
and post-HAART measurements, which reflects the presence
of rising CD4� T-cell counts after HAART, could be useful
even in patients with very low CD4 counts.

Although the immunological correlates of the elevated se-
rum sCD40L levels associated with HIV-1 infection will re-
quire further study, we conclude that this molecule, unlike
other non-T-cell-specific soluble molecules, which reflect pan-
immune system activation (15, 16), could serve as an additional
surrogate marker for the assessment of treatment efficacy.
Such measurements could be useful in settings where well-
equipped laboratories and funding required for CD4� T-cell
and viral-load measurements are not available. Their useful-
ness for patients with other concurrent infections may be lim-
ited, since studies on the levels of sCD40L in patients coin-
fected with other microorganisms common in developing
countries (e.g., the malaria parasite) are lacking. Also, pro-
spective studies of large numbers of patients are required to
evaluate whether sCD40L levels at the initial presentation can
predict disease progression. Finally, studies to elucidate a pos-
sible protective biological role, as suggested by in vitro exper-
iments (3, 8), for the increased sCD40L concentrations in the
circulation of patients infected with HIV-1 are warranted.
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