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Abstract
CD147 is a type I transmembrane protein previously identified as a signal transducing receptor for
extracellular cyclophilins. CD147-expressing cells exhibit a characteristic activation of extracellular-
signal regulated kinase 1 and 2 (ERK1/2) in response to stimulation with cyclophilin A (CypA).
CD147 was also shown to enhance HIV-1 infection in a CypA-dependent fashion, but the role of
signaling in this activity of CD147 has not been investigated. In this report, we demonstrate that
neither mutations incapacitating signaling response of CD147 to CypA stimulation, nor inhibitor of
ERK activation, reduced susceptibility of cells to HIV-1 infection. Surprisingly, truncation of the
cytoplasmic tail of CD147 did not abolish signaling response to CypA, but reduced infection by
HIV-1 to the level observed in control cells. These results indicate that CD147 enhances HIV-1
replication in a signaling-independent fashion through specific events mediated by the cytoplasmic
domain of the protein.
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Introduction
Cyclophilin A (CypA) is a ubiquitously distributed intracellular protein possessing peptidyl-
prolyl cis-trans isomerase activity [1]. This activity enables CypA to assist protein folding and
function as a chaperone during various cellular processes [2]. CypA also binds with high
affinity to immunosuppressive drug cyclosporin A (CsA), and this binding is required for the
immunosuppressive effect of CsA [3].

In addition to its intracellular functions, CypA can be secreted into the extracellular
environment and has been shown to induce chemotaxis of monocytes, neutrophils, and T
lymphocytes [4-8]. The chemotactic activity of CypA is likely related to its ability to initiate
signaling response in target cells, characterized by activation of the extracellular signal
regulated kinase 1 and 2 (ERK1/2)-dependent pathway [9;10]. These features suggest that
CypA, and also CypB that shares many of CypA activities [4;6;11], can be considered as
mediators of intercellular communication [12].
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The extracellular activities of cyclophilins imply existence of a cyclophilin receptor. Our
studies identified CD147 as an essential component of the cell-surface signaling receptor to
CypA and CypB [10;11;13]. This notion has been supported in a number of subsequent
publications [14-16]. CypA is incorporated into HIV-1 particles during virus morphogenesis
through a specific interaction with the CA domain of the Gag precursor polyprotein [17-20]
and plays an essential role in the early steps of the HIV-1 life cycle [21;22]. Biochemical studies
indicate that CypA is exposed on the viral surface [23;24] and thus may signal through CD147.
CD147 has been shown also to stimulate, in a CypA-dependent manner, an early step of HIV-1
replication [13], however, the role of signaling events in this activity of CD147 has not been
investigated. In this report, we provide evidence that signaling from CD147 is not required for
its activity in HIV-1 infection. Unexpectedly, the cytoplasmic domain of CD147 is essential
for stimulation of HIV-1 infection, although it is unnecessary for CD147 signaling activity.

Materials and Methods
CD147ΔC cloning

Construct encoding CD147 lacking the cytoplasmic tail (CD147ΔC) was prepared by PCR
using direct primer 5'-gctaagcttgccaccatggcggctgcgctgttc-3' and reverse primer 5'-
gaaggatcctcactaccggcgcttctcgtagatgaagatgat-3'. This cDNA encodes two stop-codons (TAG
and TGA) after the fourth residue (Arg232) of the cytoplasmic domain of CD147. It was cloned
between the HindIII and BamHI sites of pcDNA3.1+/Zeo (Invitrogen) and introduced into
CHO-K1 cells.

CD147-expressing CHO cells
CHO-K1 cells were transfected using Fugene 6 (Roche) according to manufacturer's protocol.
Transfected cells were cloned by limiting dilution and cultured in the presence of 50 μg/ml
zeomycin. Individual clones were analyzed for CD147 expression by FACS using FITC-
conjugated anti-CD147 antibody (Ancell).

HIV-1 infection
CHO-K1 cells were infected with luciferase-expressing HIV-1 recombinant (5 ng of p24 per
106 cells) [25;26] pseudotyped with Env of amphotropic MuLV [27]. After 4 days, cells were
washed and lysed in reporter lysis buffer (Promega), and the luciferase activity was measured
in relative light units using a Dynex MLX microplate luminometer.

Analysis of signaling
Serum-starved cells were treated with 1 μg/ml of recombinant CypA prepared as previously
described [10].Cell lysates were separated on 10% SDS-PAGE and analyzed by Western
blotting using antibodies specific for the nonphosphorylated and phosphorylated forms of
ERK1/2 MAP kinase (New England Biolabs) following the protocol provided by the
manufacturer.

Results and Discussion
Signaling is not required for CD147-mediated enhancement of HIV infection

To address the role of signaling in the activity of CD147 as a co-factor in HIV-1 infection, we
took advantage of our finding that mutation of Pro180Gly181 to alanines (PG180,181AA) in
the extracellular domain of CD147 disrupted the ability of CD147 to initiate signaling
responses to CypA stimulation [10]. We investigated activity of this mutant using a previously
described approach which relies on infection of CD147-transfected CHO cells with HIV-1
construct pseudotyped with an amphotropic MuLV envelope [13]. Such pseudotyped virus is
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going through a one-cycle replication in CHO cells. Importantly, this approach has been
previously validated as an unbiased test for CypA-CD147 interactions [13].

CHO cells were transfected with vectors expressing either wild-type CD147 or PG180,181AA
mutant, and clones stably expressing these proteins were selected. One clone expressing the
wild-type CD147 (CHO.CD147wt) and three clones expressing the mutant protein
(CHO.CD147 PG180,181AA) were selected based on the highest level of CD147 expression
(Fig. 1A). Cells were infected with luciferase-expressing HIV-1 construct pseudotyped with
MuLV envelope, and HIV-1 replication was monitored by luciferase expression. As shown in
Figure 1B, luciferase activity in clones expressing CD147.PG180,189AA was similar to
activity in cells transfected with the wild-type CD147 and was substantially higher than in cells
transfected with an empty vector. This result indicates that signaling is not necessary for CD147
activity during HIV-1 infection.

To further validate this conclusion, we used PD98059, a selective inhibitor of MEK activity
[28], which is a key event in a signaling cascade initiated by CypA from CD147 [10]. Results
presented in Figure 2A demonstrate that PD98059 eliminated CypA-dependent ERK
phosphorylation in CD147-transfected CHO cells. However, the inhibitor did not reduce the
stimulating effect of CD147 on HIV-1 infection (Fig. 2B). This stimulating effect was weaker
in this experiment than in the experiment shown in Figure 1 because uncloned CD147-
transfected CHO cells were used here.

Taken together, these results indicate that ERK-mediated signaling is not involved in CD147-
dependent enhancement of HIV-1 infection.

Cytoplasmic domain of CD147 is necessary for enhancement of HIV-1 infection, but not for
signaling

Most transmembrane receptors transmit signals via their cytoplasmic domains. Since signaling
response is not required for CD147 activity in HIV-1 infection, we expected that truncation of
the cytoplasmic tail of the protein will not affect HIV-1 infection but will eliminate ERK1/2
activation after CypA stimulation. To test this forecast, we constructed cDNA encoding a
truncated version of CD147 (CD147ΔC) lacking most of the cytoplasmic domain (Fig. 3A)
and introduced it into CHO cells. For further analysis we picked two CD147ΔC clones (#3 and
#9) expressing similar levels of CD147 on the cell surface as the cells transfected with the wild-
type CD147 (Fig. 3B). In contrast to our expectations, CHO.CD147ΔC cell clones
demonstrated the same level of ERK1/2 activation as the wild-type CD147 clone after being
stimulated with recombinant CypA (Fig. 3C). This result suggests that the cytoplasmic domain
of CD147 is not necessary for CypA-induced ERK activation. The mechanism of signaling
from CD147 might involve two different signal transduction pathways: one mediated by the
cytoplasmic tail of the protein and the other - by CD147-associated transmembrane proteins,
such as integrins or syndecans, as suggested previously [14;29]. Indeed, downregulation of
syndecan-1 has been shown to prevent CypB-induced ERK activation [14]. It remains to be
determined whether signaling events can really be transduced through the cytoplasmic tail of
CD147.

Analysis of HIV-1 infection showed that CHO.CD147ΔC-expressing cells were much less
susceptible to HIV-1 infection than cells transfected with the wild-type CD147 and exhibited
only a marginal increase in HIV-1 replication over the level observed in cells transfected with
an empty pcDNA3.1 vector (Fig. 3D). This result indicates that the cytoplasmic domain of
CD147 is necessary for the activity of CD147 in HIV-1 infection. This domain might be used
as a docking site for molecules important for the early steps of HIV replication. For instance,
it might interact with actin filaments, thus facilitating association of the HIV-1 reverse
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transcription complex with the cytoskeleton [30], which is critical for intracellular trafficking
of the viral nucleoprotein complex [31].

Taken together, results of this study suggest that the cytoplasmic tail of CD147 is necessary
for its enhancing effect on HIV-1 infection, but is dispensable for the cyclophilin-induced
signaling activity.
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Figure 1. Enhancement of HIV-1 infection by a non-signaling CD147 mutant
A. Analysis of CD147 expression on stable clones of CD147wt and CD147.PG180,181AA-
transfected CHO cells by flow cytometry. Cells were stained with FITC-conjugated anti-
CD147 mAb, and analyzed on BD FACScan. B. Analysis of HIV-1 replication by luciferase
activity. Stable clones of CHO cells transfected with wild-type (CHO.CD147wt) or non-
signaling CD147 (CHO.CD147PG180,181AA) or with an empty vector pcDNA3.1
(CHO.pcDNA) were inoculated with luciferase-expressing HIV-1 pseudotyped with an
envelope of amphotropic murine leukemia virus (MuLV). Luciferase expression was measured
on day 4 post-infection. Results and presented as mean ± SE of three independent wells.
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Figure 2. Inhibition of ERK1/2 activation by PD 98059 does not reduce the enhancing effect of
CD147 on HIV-1 replication
A. Serum-starved CD147-expressing CHO cells (clone 18) were stimulated or not with CypA
in the presence or absence of MEK inhibitor PD 98059 (10 μM), lysed and analyzed by Western
blotting using anti-ERK (ERK1/2) (bottom panel) or anti-phosphoERK (pERK1/2)
monoclonal antibodies (upper panel). Results are for one representative experiment out of two
performed. B. CHO.pcDNA or CHO.CD147 (clone 18) cells were pre-treated with 10 μM
PD98059 dissolved in DMSO or with DMSO alone for 1 hr, inoculated with luciferase-
expressing HIV-1 pseudotyped with an envelope of amphotropic murine leukemia virus
(MuLV), and analyzed for luciferase expression after 4 days of incubation in the medium
without drug. Results are presented as mean ± SE of three independent wells for one
representative experiment of two performed.
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Figure 3. Cytoplasmic domain of CD147 is not required for signaling but is necessary for the
enhancing effect of CD147 on HIV-1 replication
A. Schematic representation of the wild-type and truncated constructs of CD147. B. Analysis
of CD147 expression on stable clones of CD147 (clone 5) and CD147ΔC-transfected (clones
3 and 9) CHO cells by flow cytometry. Cells were grown overnight (80% confluency), stained
with FITC-conjugated anti-CD147 mAb, and analyzed on BD FACScan. C. Analysis of ERK
activation. Serum-starved clones expressing wild-type (CHO.CD147.5) or mutant versions of
CD147 with truncated cytoplasmic tail (CHO.CD147ΔC3 and CHO.CD147ΔC9) were
stimulated or not with CypA, lysed and analyzed by Western blotting as in Fig. 2A. D. Stable
clones of CHO cells transfected with wild-type CD147 (CHO.CD147.5), mutant CD147
carrying truncated cytoplasmic tail (CHO.CD147ΔC.3 and CHO.CD147ΔC.9), or empty
vector pcDNA3.1zeo (CHO.pcDNA) were inoculated with luciferase-expressing HIV-1 and
analyzed as in Fig. 1B.
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