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Introduction
The complement system is a crucial element of innate immunity 
and is involved in several processes related to host-pathogen 
defense mechanisms including during HIV-1 infection [1,2]. 
The complement system consists of over 30 soluble and 
membrane-bound proteins and is activated by three distinct 
pathways in response to the presence of pathogens [3,4]. In each 
instance the products of these pathways result in cleavage of 
complement system components C3 and C5 to yield the small 
peptides C3a and C5a. C3a and C5a function as anaphylatoxins, 
binding to G-protein coupled membrane receptors that, among 
several actions, sensitize the response of human T-lymphocytic 
cells to XCXL12/SDF-1 [5,6]. 

Activation of the proinflammatory components of the 
complement cascade is observed in even well managed HIV 
infected subjects [7]. These elements serve to augment virus 
opsonization and cell-mediated lysis of infected cells [1,8]. 
However, a number of other much less well characterized, and 
seemingly contradictory effects of complement have also been 
described. For example, complement activation may augment 
HIV-1 infectivity. Here it was shown that the interaction 
between HIV-1 gp41 surface protein and the complement 
receptor C3R modified viral entry to support intracellular 
viral spread [9]. Similarly, in vitro studies suggested that the 
complement activation peptide C5a increased the susceptibility 
of monocytes and monocyte-derived macrophages to HIV 
infection by enhancing tumor necrosis factor-alpha (T-alpha) 
and IL-6 secretion from these cells [10].

In contrast, we previously reported that human T-lymphocytic 
cells secrete multiple chemokines that may auto-protect for HIV-
1 infection and that production of these compounds is greatly 
reduced during active infection [11]. Along these lines, the 
α-chemokine CXCL12/SDF-1 binds to the membrane receptor 
CXCR4, which serves as a major co-receptor for X4 HIV-1, and 

is known to interfere with X4-tropic HIV-1 infection in several 
cell populations [12]. In view of the overlapping observations 
of both chemokine production and complement activation 
during HIV-1 infection, in the present study we examined the 
potential direct role of the complement component C3a on HIV-
1 infection in thymocytes, a cell population that is crucial to 
continued maintenance of the mature peripheral T lymphocyte 
pool. 

Materials and Methods
Thymic cell Isolation, tissue culture and C3A incubation 
As described previously [13], fresh neonatal human thymic 
tissue was obtained from elective thoracic surgeries of HIV-
1 negative individuals aged 1 day-6 month. Tissue was 
diced into 3-10 mm fragments, and incubated with 0.1% 
collagenase (Sigma, St. Louis, MO) and DNAase 10 IU/ml 
(Sigma) solution in Dulbecco’s phosphate-buffered saline 
(PBS) without calcium chloride and magnesium chloride 
(GibcoBRL, Gaithersburg, MD) for 2 hours at 37°C. The 
fragments were subsequently passed through a 100 µm nylon 
cell strainer (Becton Dickinson, Franklin Lakes, NJ), and 
washed with ice cold PBS. Mononuclear cells were isolated 
from whole blood by Ficoll-Paque (Amersham Pharmacia, 
Uppsala, Sweden), and plated onto 10 cm Biocoat tissue 
culture plates with collagen cover (BD, Bedford, MA) 
or directly into Biocoat (collagen cover) 6-well plates. 
Non-adherent cells (thymocytes) were placed in separate 
dishes (Falcon 24 well plate) for further culture. After 12 
hours incubation in RPMI medium (GibcoBRL) cells were 
supplemented with 10% to 20% fetal bovine serum (FBS), 
2 mM glutamine, 100 IU/ml of penicillin, 100 µg/ml of 
streptomycin and 0.25 µg/ml of amphotericin B. In some 
experiments, indicated in Results, cells were incubated 
with C3a or C3adesArg (1 µg/ml) at either -12 hr, 0 hr or +6 hr 
relative to HIV-1 addition. 
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HIV infection and assay
Thymocytes were isolated as described above and plated onto 
either Falcon 24, 48 or 96 well plates as required for subsequent 
assay. Cells were maintained for one week in RPMI medium 
supplemented with 10% FBS and subsequently incubated 
with X4-tropic HIV-1 viral stocks HXB2 or IIIB (gift of Dr. 
F. Gonzalez-Scarano, Univ. of Texas) at a concentration of 10 
ng/ml. After 12-hour incubation, cells were washed 5 times in 
PBS solution to remove residual virus and zero time samples 
were collected. Cells were then re-cultured in the presence 
of RPMI medium supplemented with 10% FBS for the times 
indicated in the figures. Samples were then analyzed by p24 
ELISA or qRT-PCR to determine infection status. ELISA 
reactions were performed using the Alliance HIV-1 p24 ELISA 
kit (PerkinElmer, Boston, MA) as previously described [13,14]. 

Virus measurement by quantitative real-time polymerase 
chain reaction (RT-qPCR)
Thymocytes were incubated in vitro with IIIB or HXB2 virus. 
Purified RNA from these cells was reverse-transcribed with 
MultiScribe Reverse Transcriptase, oligo (dT), and a random 
hexamer primer mix (all from Applied Biosystems Life 
Technologies, CA, USA). Quantitative evaluation of the target 
gene was then performed by using an ABI Prism 7500 sequence 
detection system (Applied Biosystems Life Technologies) 
with Power SYBR Green PCR Master Mix reagent and 
specific primers-reverse primer (HXB2 positions 622 to 642, 
5=-AAAATCTCTAGCAGTGGCGCC-3=) was similar to a 
previously described primer, and the forward primer (HXB2 
positions 523 to 539, 5=-SSCTCAATAAAGCTTGCC-3=) had 
a position and length similar to that previously described [15]. 
The PCR cycling conditions were 95 °C (15 s), 40 cycles at 9°C 
(15 s) and 60°C (1 min). According to melting point analysis, 
only one PCR product was amplified under these conditions. 

Detection of complement receptors by RT-PCR
Total RNA was extracted and purified from cells using the 
RNeasy Mini kit (Qiagen Inc, Valencia, CA, USA) as previously 
described [16] after treatment with DNase I (Qiagen Inc.) and 
reverse-transcribed into cDNA. The sequence- specific primers 

employed for amplification were as follows: human complement 
component C3a receptor-1 (hC3aR1; sense, 5′-agaaagacagccaccac 
cacg-3′; antisense, 5′-gccgcctggagaaatgaatgatagg-3′); 
human complement component 5a receptor 1 
(hC5AR1; sense, 5′-accttcgatcctcggggagc-3′; antisense, 
5′-gcgtacatgttgagcaggat-3′); human C5a receptor-2 
(hC5L2; sense, 5′-ggattacagcgacctctcgg-3′; antisense, 
5′-gcagagacaaacagcacagc-3′). Samples without template 
controls and reverse transcriptase were used in each run. All 
primers were designed using the NCBI/Primer-Blast program, 
and at least one primer in each pair included an exon-intron 
boundary. Afterwards, all PCR products were analyzed by 2% 
agarose gel electrophoresis.

Statistical analysis 
Arithmetic mean and standard deviation from p24 ELISA 
and qRT-PCR results were performed using Microsoft Excel 
2011. Data was analyzed using the Student t-test for paired and 
unpaired samples. Statistical significance was defined as p<0.05.

Results/Observations
HIV-1 infection of thymocytes
We first studied infection of cultured human thymocytes by 
the X4 (T-tropic) viruses IIIB and HXB2. Thymocytes were 
incubated with virus at 10 ng/ml (MOI 0.029) and infection 
status analyzed by p24 ELISA assay. As shown in Figure 1 for 
HIV-1 IIIB, virus replicated robustly in thymocytes over a 5 
day time course. To assess the impact of C3a peptide on HIV-1 
replication, thymocytes were pre-incubated with either C3a or 
the less active inflammatory C3a cleavage product C3adesArg for 
12 hours prior to addition of HIV-1. As also shown in Figure 1, 
pre-incubation with C3a had a significant inhibitory effect on 
HIV-1 replication at day 3 and more dramatically so by day 5. 
In contrast, pre-incubation with C3adesArg had no effect on HIV-1 
replication at any time point.

Expression of complement component receptors C3a and 
C5a on thymocytes
To clarify whether the results presented in the Figure 1 
potentially result from the direct action of C3a on thymocytes, 
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Figure 1. Effect of C3a on HIV-1 Infection in Thymocytes. Thymocytes were incubated with HIV-1 IIIB in the absence (Null), or presence 
of either C3a (C3a) or C3adesArg (DA) for 12 hr prior to HIV-1 addition. HIV-1 infection was subsequently measured by p24 ELISA at the 
indicated times.
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we next examined these cells for the presence of both C3a and 
C5a receptor mRNA (C3aR and C5aR respectively) by RT-
PCR analysis. Reaction products from the RT-PCR reaction 
were run an agarose gels and visualized as shown in Figure 2. 
These results demonstrate that mRNA for both C3aR (555 bp) 
and C5aR (400 bp) were readily detected in thymocytes. 

qRT-PCR analysis of acute C3a effects on HIV-1 replication
The potential effects of C3a anaphylatoxin on HIV-1 replication 
may occur at multiple points along the HIV-1 replication 
cascade. Results presented in Figure 1 demonstrate that C3a 
significantly inhibited HIV-1 replication when thymocytes 
were preincubated with this anaphylatoxin. To clarify the time 
dependence of this effect we conducted qRT-PCR analysis for 
virus over a 24 hr time course following the addition of C3a either 
before (-12 hr), simultaneously with (0 hr), or following (+6 hr) 
incubation with virus. Given that the less active C3a derivative 
C3adesArg was shown not to inhibit HIV-1 replication (Figure 1), 
we used this compound as a control for all incubations. Data 
presented in Figure 3 demonstrate robust HIV-1 replication 
(240-245 DNA copies) in thymocytes over 24 hr in the presence 

of 1 µg/ml C3adesArg (Control). In contrast, and in agreement 
with results shown in Figure 1, pre-incubation with 1 µg/ml C3a 
for 12 hr resulted in a statistically significant reduction in HIV-1 
replication at each time point measured. The magnitude of this 
inhibition ranged from 49% at 6 hr to 67% at 24 hr. Similar 
but less substantive effects were observed when incubation with 
C3a was intiated coincident with (0 hr) the addition of virus. In 
this instance replication of virus at 6 hr was inhibited by 19%, 
while at both 12 hr and 24 hr a 27% inhibition was observed; 
the latter points being statistically signifcant. Lastly, incubation 
with C3a at +6 hr after HIV-1 exposure resulted in a mixed 
effect. The impact ranged from a modest 12% inhibition at 6hr, 
to a slight increase in HIV-1 replication at 12 hr (9%) and 24 
hr (2%). None of these differences were statistically significant 
from control.

Discussion
Dissecting the mechanisms of HIV-1 pathogenesis and aligned 
host defence mechanisms is a dauting task as the central 
sites of HIV-1 infectivity reside in and disrupt fundamental 
components of both innate and adaptive immunity. One clear 
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Figure 2. Expression of C3aR and C5aR in Thymocytes.  The presence of mRNA for C3aR (555bp) and C5aR (400bp) in thymocytes was 
determined by RT-PCR amplification followed by gel analysis and EtBr staining.
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Figure 3. Time dependence of C3a Inhibition of HIV-1 Infection.  Thymocytes were incubated with either C3adesArg (Control), or C3a 
at the indated times -12 hr, 0 hr or +6hr followed by exposure to HIV-1 HXB2. Levels of virus replication was then determined by 
quantitative real time PCR analysis of samples at the indicated times (6 hr, 12 hr and 24 hr) after virus addition. 
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example lies in the binding of HIV-1 to both CD4 molecules 
and chemokine receptor CXCR4 and CCR5 family members. 
These membrane proteins serve critical roles in, respectively, 
the recognition and chemokine driven regulation of immune 
function. Thus, HIV-1 binding to these elements in itself may 
profoundly alter the subsequent immune response to HIV-1. In 
previous works we demonstrated that HIV-1infection triggers 
marked alterations in the patterns of cytokine production by 
cells of the hematopoietic lineage and that these cytokines serve 
to reduce HIV-1 infectivity [13,17,18]. While multiple studies 
have elucidated the primary effects of HIV-1 within adaptive 
immunity, far fewer focus on the impact of virus on components 
of the innate immune repsponse. 

As noted above, the complement system plays a central role 
in innate immunity and yet the impact of HIV-1 infection 
on complement activation, and in a related fashion the 
corresponding effects of complement cascade cleavage products 
on HIV-1 infection and immunity, are poorly understood [1,2]. It 
is well documented that complement activation contributes to a 
proinflammatory state in even well controlled HIV infection [7], 
and that this activation regulates virus clearance through both 
cell-mediated lysis and enhanced opsonization [1,8]. However, 
the consequences of complement activation also significantly 
augment production of C3a and C5a, and these anaphylatoxins 
have profound proinflammatory effects on immune function 
[7,19]. C3a and C5a are highly active biopeptides that exert 
their effects through the G-protein coupled receptors C3aR 
and C5aR and are known to regulate the production of multiple 
chemokines [10]. 

Our studies focused on the anaphylatoxin C3a and its capacity to 
modify HIV-1 infection. It is well established that C3a binding 
triggers production of CXCL12/SDF-1, and although CXCL12 
may inhibit HIV-1 entry via the CXCR4 co-receptor the effects 
of C3a binding beyond this effect are not known [20]. In this 
study we examined the effects of C3a on HIV-1 replication 
in thymocytes using the well characterized X4-tropic viruses 
IIIB and HXB2. Thymocytes were chose as target cells as 
they support X4-tropic HIV-1 replication and are a fundamtal 
precursor to the generaiton of mature Tcells. 

The thymus is the primary site of T-lymphocyte development 
and selection for MHC [21]. Although a dependence on thymic 
function for immune maintenance decreases with age, thymic 
tissue persists in adults and may be reactivated following the 
depletion of peripheral T cells [22]. T cell maturation in the 
thymus is regulated by the interaction of thymocytes with non-
lymphoid thymic stroma via a multifaceted process, which may 
be disrupted by infectious agents such as HIV-1 [23,24]. There 
are two primary pathways by which HIV-1 is believed to affect 
thymocyte development. The first is direct infection and toxicity 
within thymocytes. Infection of thymocytes by HIV-1 is well 
documented and, much like with mature T cell infection, can 
have profound effects on cell viability and function [25,26]. 
The second means is through HIV-1 infection of the thymic 
stroma. Although this process is poorly understood the primary 
mechanisms are believed to occur through alterations in 
cytokines and/or stromal adhesion events critical to thymocyte 
selection and maturation [27-29].

The results presented in the present study demonstrated a clear 
inhibitory effect of complement component C3a on HIV-1 

infection. When added prior to HIV exposure C3a resulted in a 
60% reduction in HIV replication over a 5 day peirod as meaure 
by p24 ELISA and a 67% reduction by 24hr when measure 
by qRT-PCR. Our results also suggest that the mechaism of 
this effect is coupled to alterations in the intial events of HIV-
1 binding and entry in thymocytes. We demonstrated that 
thymocytes produce C3aR, that the inhibitory effects were not 
observed with the poorly active C3a dervative C3adesArg, and 
that the inhibitory effects of C3a additon were maximal when 
added 12 hr prior to HIV-1 exposure. Inhibition was diminshed 
when C3a was added coincident with HIV-1 and was absent 
when added 6 hr post HIV-1 exposure. Whether the impact of 
C3a on HIV-1 replication occurs by direct membrane effects 
at entry and/or whether C3a binding induces the production of 
cytokines, such as CXCL12, that subsequently inhibit HIV-1 
binding is the subject of our ongoing studies.
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