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Abstract
Two products of human cytomegalovirus (HCMV) UL111a gene have been previously identified to
resemble human IL-10 (hIL-10). These viral IL-10s (vIL-10s) are able to induce signal transduction
events and biological activities in a variety of cells. In this study, five novel vIL-10 transcripts were
identified from HCMV AD169 infected MRC-5 cells. Some vIL-10 isoforms were post-
translationally glycosylated, depending on the existence of a predicted N-linked glycosylation site.
Similar to hIL-10, four of the vIL-10 isoforms apparently formed putative dimers. Among the
different vIL-10 isoforms, vIL-10A significantly induced the phosphorylation of transcription factor
STAT3 in THP-1 cells. All identified vIL-10 isoforms were able to form complexes with hIL-10,
and enhanced hIL-10-induced STAT3 phosphorylation in different degrees. Identification of diverse
forms of vIL-10 suggests that HCMV has developed a sophisticated mechanism to interfere with
hIL-10 signaling pathway.
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1. INTRODUCTION
Human cytomegalovirus (HCMV), a member of β-herpesvirus family, causes severe diseases
in neonates and in immunosuppressed individuals (Pass, 2001). In healthy individuals, HCMV
is able to establish a persistent infection, usually without any symptoms, despite vigorous host
antiviral immune responses. After the establishment of latency, HCMV periodically reactivates
to produce infectious viral particles in infected hosts (Mocarski and Courcelle, 2001). Facing
constant challenges from host immune responses, HCMV has developed various counteractive
mechanisms that alter host antiviral immunity (Beisser et al., 2002; Michelson, 1999; van Cleef
et al., 2006; Vink et al., 2001). The ability of HCMV to produce immune modulators, such as
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virus-encoded cytokines or cytokine receptors, apparently plays important roles in maintaining
persistent viral infection in vivo. These viral proteins, by mimicking the sequences and
structures of their human counterparts, are able to disrupt multiple signal transduction pathways
that regulate cell growth, differentiation, and activation, contributing to viral evasion of
constant host immune surveillance. For example, a protein encoded by HCMV UL146 is an
α-chemokine that modulates host neutrophil activation (Penfold et al., 1999; Saederup and
Mocarski, 2002). The product of US28 functions as a β-chemokine decoy receptor and disrupts
β-chemokine signaling by binding and sequestering β-chemokines, such as RANTES (Beisser
et al., 2002; Billstrom et al., 1998; Randolph-Habecker et al., 2002).

The interleukin-10 (IL-10) family belongs to the Class II cytokines and consists of several
members, including IL-10, IL-19, IL-20, IL-22, IL-24, and IL-26. These cytokines function as
important regulators to induce a wide range of biological effects in different cells (Conti et al.,
2003; Fickenscher et al., 2002; Langer et al., 2004; Pestka et al., 2004; Wolk et al., 2002).
IL-10 produced by both T and B cells exerts immune inhibitory as well as stimulatory effects.
IL-10 inhibits the antigen-presenting capacity of macrophages and dendritic cells. IL-10 blocks
cytokine production by many types of T cells. On the other hand, IL-10 promotes the
development of certain types of B cells and stimulates the activities of NK cells (Conti et al.,
2003; Fickenscher et al., 2002; Langer et al., 2004; Pestka et al., 2004; Wolk et al., 2002). An
IL-10 isoform, IL-10δ3, was recently identified by Wu’s group (Wu et al., 2005). This IL-10
variant has an in-frame deletion of the entire exon 3. Although the exact function of IL-10δ3
is largely unknown, it is strongly associated with the good prognosis of acute lymphoblastic
leukemia (ALL) in children.

The receptors of IL-10 family are called the Class II cytokine receptors (CRF2). The receptor
subunits involved in the interaction with IL-10 family include IL-10R1, IL-10-R2, IL-20R1,
IL-20R2, IL-22R1, and IL-22RB. Members of IL-10 family substantially share the receptor
subunits for their signaling transductions (Conti et al., 2003; Fickenscher et al., 2002; Kotenko,
2002; Langer et al., 2004; Pestka et al., 2004; Wolk et al., 2002).

Several viruses, including HCMV, produce proteins that bear sequence homology to human
IL-10 (hIL-10). However, the biological functions of HCMV vIL-10 are still poorly
understood. The deletion of UL111a ORF appears to have no effect on viral replication in
vitro (Chang et al., 2004). However, it is very likely that vIL-10 plays immune modulating
roles in vivo when the virus is challenged by host immune responses. Because hIL-10 mainly
functions as a potent suppressor of proinflammatory cytokine synthesis and antigen
presentation, it is reasonable to speculate that vIL-10 plays a similar role in downregulating
host immune responses against HCMV infection. More studies are needed to determine the
exact role of vIL-10 in the maintenance of persistent viral infection under constant host immune
surveillance.

In recent years, two vIL-10 gene products were identified from HCMV infected cells (Jenkins
et al., 2004; Kotenko et al., 2000). To avoid confusion with the newly discovered vIL-10
isoforms described in this paper, the first (cmvIL-10) and the second (LA-cmv-IL-10)
identified vIL-10 gene products are designated as vIL-10A and vIL-10B, respectively. The
mRNA of vIL-10A and vIL-10B are different splicing products of the same precursor RNA
transcribed from HCMV UL111a ORF (Jenkins et al., 2004; Kotenko et al., 2000).

vIL-10A was initially identified from HEL299 cells (a human diploid embryonic lung
fibroblast-like cell line) infected by HCMV strain AD169. The vIL-10A is produced and
secreted during the lytic phase of HCMV infection. The sequence of vIL-10A transcript reveals
that the mRNA is derived from splicing of two introns from its precursor mRNA. The vIL-10A
protein contains 175 amino acids and migrates around 21–30 kDa on SDS-PAGE. The vIL-10A
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has 27% amino acid sequence identity to hIL-10 (Kotenko et al., 2000). Several studies have
shown that vIL-10A forms homo-dimers similar to hIL-10 and interacts with the IL-10 receptor
complex to induce signal transduction (Jones et al., 2002; Kotenko et al., 2000; Yamamoto-
Tabata et al., 2004). vIL-10A also inhibits proinflammatory cytokine production and the
maturation of dendritic cells (Chang et al., 2004; Raftery et al., 2004).

Another viral IL-10 transcript, vIL-10B, was later identified from HCMV infected granulocyte-
macrophage progenitors (GM-Ps) (Jenkins et al., 2004). Because GM-Ps have been used as
models to study latent HCMV infection, the authors suggested that the expression of vIL-10B
is associated with the latent phase of HCMV infection. The mRNA of vIL-10B results from
single splicing of the first intron of vIL-10 gene, which produces a shorter product (Jenkins et
al., 2004).

The identification of different vIL-10 isoforms from different HCMV infected cells indicates
that the differential expression of vIL-10 may be influenced by the cellular factors. In this
study, we investigated the expression profile of vIL-10 in HCMV AD169 infected MRC-5 and
Bud8 cells and identified several new vIL-10 isoforms. We demonstrated that putative forms
of vIL-10 proteins were detected from virus infected MRC-5 cells. It was shown that some
vIL-10 isoforms were glycosylated as predicted and four of the isoforms were able to form
putative dimers. Furthermore, we found that vIL-10 isoforms formed complexes with hIL-10
and modulated hIL-10 signaling, suggesting a previously unrecognized mechanism of
interfering IL-10 signaling pathway by HCMV.

2. MATERIALS AND METHODS
2.1 Virus strain and cells

AD169 strain of HCMV was obtained from NIH AIDS Research and Reference Reagent
Program. Human fibroblast cells, MRC-5 and Bud8, were purchased from American Type
Culture Collection (ATCC) and maintained in MEM supplemented with 10% FBS. 293FT
cells were purchased from Invitrogen and maintained in DMEM supplemented with 10% FBS.
THP-1 cells (ATCC) were maintained in RPMI supplemented with 10% FBS.

2.2 Infection of cultured cells
MRC-5 or Bud8 cells were cultured in a 10-cm dish until 70% confluence. HCMV AD169
was added to MRC-5 cells at MOI 0.1. The infected cells were incubated until 70% of the cells
showed CPE (cytopathic effect). Cells were then collected for RNA preparation.

2.3 Clone HCMV vIL-10 gene
Total RNAs from the AD169-infected cells were purified with Trizol reagent (GIBCO)
following the manufacturer’s instruction. 2 μg of RNA were reverse transcribed with a poly-
T primer using SuperScript First-Strand Synthesis System for RT-PCR (Invitrogen). A 5′-end
primer (5′-GATGGATCCATGCTGTCGGTGATGGTC-3′) and a 3′-end primer (5′-
CTCGAATTCCTTTCTCGAGTGCAGAT-3′) were used to amplify vIL-10 cDNA. The
synthesized cDNA was subjected to PCR amplification with pfu Turbo (Stratagene). The
condition for the PCR reaction were: 94 °C for 1 min. followed by 30 cycles of 94 °C for 30
sec., 61 °C for 30 sec., and 72 °C for 1 min., and an additional incubation at 72 °C for 10 min.
The PCR products were purified with a Qiagen PCR purification kit, and cloned into the
BamHI and EcoRI sites of pBluescript KS II (+) vector. Clones of HCMV vIL-10 were
sequenced. The sequences were then analyzed with Vector NTI software and compared with
sequences in NCBI gene bank. The different forms of vIL-10 cDNA were also subcloned into
pEF1A-myc-his vector for expressing tagged vIL-10 isoforms in mammalian cells.

Lin et al. Page 3

Virus Res. Author manuscript; available in PMC 2009 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2.4 Clone human IL-10 gene
Total RNA from TPA-treated BCBL-1 cells were extracted with Trizol reagent. The cDNA
was synthesized as described above. The hIL-10 gene was PCR amplified from the cDNA with
primers, 5′-GCGGGATCCATGCACAGCTCAGCACT-3′ and 5′-
CGCGGATCCGTTTCGTATCTTCATTGT-3′. PCR reaction was performed with pfu
(Stratagene). PCR condition were: 94 °C for 2 min., followed by 30 cycles of 92 °C for 30 sec.,
54 °C for 30 sec., 72 °C for 1 min., and final extension of 72 °C for 10 min. The hIL-10 gene
was first cloned into pSP72 vector and sequenced to ensure the overall sequence accuracy. The
hIL-10 was then subcloned into pcDNA3.1-GST-Au1 plasmid for the expression of hIL-10-
GST fusion protein.

2.5 Western blot analysis of vIL-10 expression in transfected 293FT and radioimmune
precipitation of CMV AD169 infected MRC-5 cells

293FT cells were transfected with pEF-1/vIL-10 plasmids using Lipofectamin2000
(Invitrogen). Two days after transfection, cells were collected for Western blot analysis with
an anti-myc antibody (Cell Signaling). In the dimerization study, cells were lysed with modified
RIPA buffer (25mM Tris, pH6.8, 50mM NaCl, 1% NP-40, and 0.5% DOC) containing 20 mM
of N-ethymaleimide (NEM). In the glycosylation study, two days after the transfection, cells
were treated with 50 μg/ml tunicamycin for 24 hours. HCMV AD169 was used to infect MRC-5
cells at MOI 0.1. Eleven days post-infection, cells were rinsed with PBS and then labeled for
4h with 250 μCi/ml of 35S-Met/Cys in MEM medium containing 0.01% dialyzed serum. The
cells were collected and lysed with modified RIPA buffer. The immunoprecipitated proteins
were resolved on a 13.6 % SDS-PAGE gel and then autoradiographed. The goat anti-HCMV-
vIL-10 antibody used in the experiment was purchased from R & D Systems.

2.6 GST pull-down assay
293FT cells were co-transfected with pcDNA3.1/hIL-10-GST and pEF-1/vIL-10 plasmids.
Forty-eight hours after transfection, cells were lysed with lysis buffer (500mM NaCl, 50mM
Tris, pH 8.0, 1% NP40). Cell lysates were mixed with GST beads to pull-down hIL-10-GST
fusion protein and its associated complexes. The precipitated complexes were subjected to
Western blot with an anti-myc antibody.

2.7 Phosphorylation of STAT3 in THP-1 cells
THP-1 cells were seeded in 6-well plates and maintained in the presence of 20 ng/ml TPA for
2 hours. The media were then replaced by conditioned media from 293FT cells transiently
transfected with vIL-10 or hIL-10 plasmid. After being incubated for 1.5 hour, the THP-1 cells
were collected and analyzed by Western blot with anti-STAT3 antibodies (Cell Signaling).

3. RESULTS
3.1 Diverse vIL-10 isoforms identified from HCMV infected MRC-5 and Bud8 cells

To investigate the expression profile of vIL-10, we examined the vIL-10 transcripts from
HCMV infected MRC-5 fibroblast cells. Standard RT-PCR (reverse transcription-polymerase
chain reaction) was performed to amplify vIL-10. The first strand cDNA synthesis was
performed with an oligo-T primer to reverse-transcribe all polyadenylated cellular and viral
mRNAs. The cDNAs of vIL-10 were then subjected to PCR amplification with vIL-10 specific
primers, similar to what have been described by Pestka’s group (Kotenko et al., 2000). These
primers were designed to amplify sequences between the 5′-end of the first exon and the 3′-
end of the third exon of vIL-10 gene. To our surprise, the obtained vIL-10 PCR products
appeared to contain DNA fragments of variable sizes when analyzed on an agarose gel (data
not shown). We cloned the PCR products into the pBluescript vector. Twenty-eight clones
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containing vIL-10 inserts were collected and analyzed. We identified 8 different vIL-10 inserts,
including an unspliced and five novel spliced UL111a transcripts as well as previously reported
vIL-10A and vIL-10B. These novel vIL-10 transcripts are designated as vIL-10C, D, E, F, and
G (The unspliced transcript was predicated to produce vIL-10D if being translated). In order
to determine if multiple vIL-10 isoforms can also be detected from other HCMV infected cells,
we performed RT-PCR with DNA from virus infected human Bud8 fibroblasts and THP-1
human monocytes. We identified 6 different vIL-10 transcripts in 12 clones from Bud8 cells,
but none from THP-1 cells. The distribution of each vIL-10 isoform is summarized in Table
1.

Our data indicated that these new vIL-10 isoforms are not rare products that may be produced
during the viral infection. Although the majority of splicing events occurred at the sites
previously identified in vIL-10A and B transcripts (Jenkins et al., 2004; Kotenko et al.,
2000), new splicing donor and acceptor sites were found in mRNAs of vIL-10C, E, F and G.
All different spliced products of vIL-10 are compared in Figure 1A. Interestingly, the first exon
(nucleotide sequence 159678–159857) is conserved in all identified vIL-10 mRNAs. As a
result, all vIL-10 isoforms contain an identical amino acid sequence from 1 to 60 at the N-
terminus, as shown in Figure 1B. However, the C-termini of these vIL-10 isoforms vary in
amino acid sequences and in lengths. We performed protein scan using web-based
InterProScan program to compare the structure similarity of these vIL-10 isoforms. We found
all vIL-10 isoforms maintain a domain located between the 20th and 60th amino acids. This
structure represents a 4-helical bundle domain found predominantly in long- and short-chain
cytokines, such as interleukins, interferons, growth hormones, and granulocyte colony
stimulating factors. This core structure consists of a closed bundle of four helices in a left-
handed twist, with two crossover connections, and is important for the cytokine/receptor
interaction. The data suggested that all vIL-10 isoforms may have the ability to bind to the
IL-10 receptor. In addition, we compared all vIL-10 isoforms with hIL-10 using Vector NTI
software. Interestingly, vIL-10D (the shortest) had the highest homology to hIL-10, while
vIL-10A (the longest) had the least homology (data not shown).

We examined vIL-10 proteins in HCMV AD169 infected MRC-5 cells. The viral infected cells
were labeled with 35S methionine, and then subjected to radioimmune precipitation (RIP) with
an anti-vIL-10 polyclonal antibody (R & D). The anti-vIL-10 antibody, elicited against the
recombinant vIL-10A, recognizes a common sequence shared by all newly identified vIL-10
isoforms as well as the two previously described products. Each vIL-10 isoform was transiently
expressed in 293FT cells, and analyzed side-by-side with the RIP samples by Western blot.
Three major bands that apparently corresponded to vIL-10B, C and F were detected from
HCMV infected MCR-5 cells, as shown in Figure 2. Because of the co-existence of
glycosylated and non-glycosylated vIL-10 isoforms and similar molecular weights among
some isoforms, it was impossible to determine the isoform identity of each individual band.
Nevertheless, our data indicated multiple putative forms of vIL-10 expressed in HCMV
infected MRC-5 cells. In addition, the RIP sample from viral infected cells showed three high
molecular weight bands, ~90, 62, and 50 kDa. The 90 and 62 kDa bands presumably were
IL-10R1 (90–110 kDa) and IL-10R2 (60 kDa). The nature of the 50 kDa band was unknown.

3.2 Expression and glycosylation of vIL-10 isoforms
We cloned all vIL-10 isoforms into pEF1A-myc-his vector. vIL-10 isoforms were then
transiently expressed in 293FT cells. The expected products were analyzed by Western blot.
As shown in Figure 3A, all vIL-10 isoforms were detected as expected. Each of the vIL-10
isoforms, A, E, F, and G showed two bands. The size difference between the doublelet was
about 3 kDa, similar to the size of one N-linked oligosaccharide. We hypothesized that the
higher bands represented glycosylated forms, while the lower bands were non-modified
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proteins. Previous study suggested that N-linked glycosylation likely occurred at the –
Asn151-Gly152-Thr153- (Kotenko et al., 2000). Consistent with the presence of this predicted
glycosylation site, vIL-10 isoforms A, E, F, and G (but not B, C, and D) showed double bands.
To test this hypothesis, we treated the transfected cells with tunicamycin to inhibit N-linked
glycosylation. In the tunicamycin treated cells, there was a significant reduction of the higher
molecular weight band in isoform A, E, F, and G, as shown in Figure 3B. The sizes of isoform
B, C, and D were not affected by tunicamycin, indicating that they were not glycosylated. Our
results were consistent with the fact that vIL-10 isoforms underwent N-linked glycosylation
depending on existence of the Asn-Gly-Thr site in their sequences.

3.3 Dimerization of vIL-10 isoforms
It has been shown that HCMV vIL-10A forms a homo-dimer similar to hIL-10 (Jones et al.,
2002). The vIL-10A dimer is stabilized by an intramolecular disulfide bond that is formed
between Cys78 on each of the vIL-10A molecule (Jones et al., 2002). Whether this is the only
intramolecular disulfide bond in the vIL-10A dimer is unclear. Among the identified vIL-10
isoforms, vIL-10A, B, and F maintain the Cys78. In order to determine if all the vIL-10 isoforms
are able to form dimers and if Cys78 is essential for their dimerization, we expressed myc-
tagged vIL-10 isoforms in 293FT cells. The covalently linked protein dimers can be converted
to monomer by the treatment of reducing agent β-mercaptoethanol to break intra- and inter-
molecular disulfide bonds, resulting in changes of migration patterns on SDS-PAGE. The
transfected cells were lysed in the presence of NEM to prevent artifactual disulfide-bond
formation during the sample preparation. All vIL-10 samples analyzed on SDS-PAGE were
pre-treated with or without β-mercaptoethanol (Figure 4). Under the reducing condition, the
expected monomers of vIL-10 isoforms were detected. Under the non-reducing condition,
additional high molecular weight masses were seen in vIL-10A, E, F, and G, apparently resulted
from dimerization. Although, higher molecular weight masses were also detected in vIL-10B
in the absence of β-mercaptoethanol, the expected dimmer bands appeared not to be the major
bands. Thus, it was not clear these high molecular weight masses were dimers (oligomers) or
aggregated products. Formation of dimer of vIL-10E suggested that Cys78 may be not required
for the dimerization of some vIL-10s. Disulfide bond(s) between other Cys residues may also
be involved in the formation of vIL-10 complexes.

3.3 Inductions of STAT3 phosphorylation by vIL-10s and hIL-10
It has been reported that vIL-10A interacts with IL-10 receptor complexes. Such interaction
induces signal transduction that leads to the phosphorylation of transcription factor STAT3.
THP-1 cells has been used as a model to study IL-10 signaling pathway, and vIL-10 isoforms
expressed in 293FT cells were readily secreted in the media (data not shown). In this study,
we first compared the effects of different vIL-10 isoforms on the phosophorylation of STAT3.
THP-1 cells were treated with media containing different vIL-10 isoforms for 1.5 hours. The
THP-1 cell lysates were then analyzed by Western blot with antibodies against total STAT3
or phosphorylated STAT3. As shown in Figure 5, among seven vIL-10 isoforms, only vIL-10A
treatment significantly induced the phosphorylation of STAT3 at Tyr705. Treatment of THP-1
cells with vIL-10 isoforms did not significantly alter the phosphorylation status of another site,
Ser727, on STAT3 (Data not shown). The total amounts of STAT3 in each sample, and the
vIL-10 inputs were also shown in Figure 5. Because vIL-10A is the longest vIL-10 identified,
the result showed that “full-length” vIL-10 sequence was required for triggering IL-10 induced
STAT3 phosphorylation in THP-1 cells. As previously described in Figure 1, all vIL-10
isoforms have identical first 60 amino acids at the N-terminus. This region contains a 4-helical
bundle domain, which is a common structure for many cytokines to interact with their receptors,
suggesting that all vIL-10s may still maintain the ability to bind to IL-10 receptor. However,
sequence variations in other parts of the protein may affect the affinity of vIL-10 to its receptor,
and consequently result in inducing different signal transductions.
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3.5 Interactions of vIL-10s with hIL-10 and alterations of hIL-10 induced signal transduction
Both vIL-10A and hIL-10 form homo-dimers. Because of the sequence and structure
similarities between vIL-10A and hIL-10 (Jones et al., 2002), we hypothesized that hetero-
dimers may form between hIL-10 and vIL-10s. To test our hypothesis, we made a plasmid
construct that expressed hIL-10-GST fusion protein. The GST domain was fused to the C-
terminus of hIL-10. Because the N-terminal signal peptide of hIL-10 remains intact, the hIL-10-
GST fusion protein was presumably synthesized and processed through ER and Golgi complex
in a similar way as hIL-10. The secretion of hIL-10-GST into the media of the transfected
293FT cells was confirmed by Western blot (data not shown). We co-expressed hIL-10-GST
with each vIL-10 isoform in 293FT cells. A vector expressing GST protein served as a negative
control in the experiments. Complexes formed with hIL-10-GST were pulled-down with GST
beads, and analyzed with Western blot using an anti-myc antibody. As seen in Figure 6, all
isoforms of vIL-10 were detected from the hIL-10-GST complexes, while GST alone was
unable to pull-down these vIL-10 isoforms. The lower panels show the presence of each vIL-10
isoforms in the lysates used for the pull-down assays. The amount of vIL-10D pulled-down by
hIL-10-GST was less compared to the other isoforms, indicating the vIL-10D/hIL-10-GST
complexes were less stable or less efficiently formed. The data showed that both glycosylated
and non-glycosylated forms of vIL-10s can be pulled-down by hIL-10-GST fusion protein,
suggesting that glycosylation is not essential for the complex formations. We also performed
co-immumoprecipitation with hIL-10 that lacks of its signal peptide, and we were unable to
detect the interaction of hIL-10ΔSP and vIL-10 (data not shown). It suggested that the
interaction may require both proteins to be synthesized and processed through endoplasmic
reticulum (ER) and Golgi systems.

Based on the result that the vIL-10 isoforms interacted with hIL-10, we investigated if vIL-10
altered hIL-10 signaling. hIL-10-GST and different vIL-10 isoforms were co-expressed in
293FT cells. Media containing hIL-10-GST and vIL-10 complexes were first confirmed by
Western blot and then used to treat THP-1 cells. As shown in Figure 7, hIL-10-GST alone was
able to induce STAT3 phosphorylation (panel A). However, the phosphorylation of STAT3
was greatly enhanced in the presence of vIL-10A. Other vIL-10 isoforms (B to G) slightly
increased the hIL-10-GST induced STAT3 phosphorylation. The panel B and C show levels
of total STAT3 and hIL-10-GST in each sample respectively. In this experiment, we used media
from mock transfected 293FT cells as a negative control for the effect of hIL-10-GST and
vIL-10s. Based on previously published results, the effects on STAT3 phosphorylation were
very likely caused by these proteins (Ji et al., 2005;Tanaka et al., 2005;Wise et al., 2007).
However, we cannot rule out the possibility that some cellular factors in the hIL-10-GST or
vIL-10 containing media might contribute to the STAT3 phosphorylation. Further confirmation
with purified hIL-10 and vIL-10s is needed in the future.

4. DISCUSSION
Many cytokines, include IL-4, IL-6, IL-10 and IL-15, are found to have multiple isoforms
derived from different spliced mRNA transcripts (Bihl et al., 2002; Ledru et al., 2003; Meazza
et al., 1996; Nishimura et al., 2005; Nishimura et al., 1998; Tan and Lefrancois, 2006; Vasiliev
et al., 2003; Wu et al., 2005; Yatsenko et al., 2004). These cytokine isoforms generally have
different affinities to their receptors, contributing to generating different biological signals. In
the case of IL-10 and its isoform IL-10δ3, both cytokines can be detected from ALL samples.
It is found that IL-10 is associated with the progression of ALL, while IL-10δ3 is linked to
good response to therapy and better clinical outcomes (Wu et al., 2005). These data demonstrate
different roles of cytokine isoforms in modulating signaling transduction.

Two products of HCMV UL111a gene that bear sequence homology to hIL-10 were recently
been identified by two groups. Pestka’s group identified vIL-10A from HCMV infected HEL
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299 cells, and Slobedman’s group found vIL-10B from GM-Ps (Jenkins et al., 2004; Kotenko
et al., 2000). It should be mentioned that HCMV behaves very differently in these two culturing
systems. HEL 299 cells support HCMV for lytic replication while GM-Ps have been used as
models for studying the viral latent infection. Results from Slobedman’s group suggested
vIL-10B is a latency-associated product. Interestingly, in their paper, they also mentioned the
detection of vIL-10B from HCMV infected primary HFF cells. Thus, the association of vIL-10
expressions and viral replication cycle is still worth further investigation.

In this study, we investigated the expression profile of vIL-10 isoforms in HCMV AD169
infected MRC-5 and Bud8 fibroblast cells. Despite that HEL 299, MRC-5 and Bud8 cells are
all HCMV-permissive human fibroblasts, the expression profile of vIL-10 isoforms was
apparently different. The RT-PCR result of HCMV infected HEL 299 cells shown by Pestka’s
group demonstrated a single product of vIL-10A (Kotenko et al., 2000). However, our result
obtained from HCMV infected MRC-5 and Bud8 cells indicated that there are multiple RT-
PCR products (data not shown). This led to the identification of five novel vIL-10 isoforms in
the study. The newly identified vIL-10C, D, E, F, and G, resulted from differently spliced
mRNA transcripts. The previously described splicing donor sites (159857 and 160134) and
splicing acceptor sites (159934 and 160218) in vIL-10A appeared to be the most common sites
for splicing (Figure 1). However, alternative splicing donor and acceptor sites were seen in
vIL-10C, E, F, and G isoforms. As a result, vIL-10 isoforms with different lengths, deletions
and C-terminal sequences were generated. Our result indicated that these newly identified
vIL-10s were not derived from some infrequent splicing events during the viral infection (Table
1). In HCMV infected MRC-5 cells, we immunoprecipitated multiple bands with anti-vIL-10
specific antibody, which were presumably different vIL-10 isoforms. It should be noticed that
we could not exclude the possibility that some bands were degraded products of full-length
vIL-10A. However, our observation in the transfected 293FT cells and from the conditioned
media did not indicate unusually high instability and degradation of vIL-10 isoforms. Together
with our RT-PCR data, it is likely that those detected bands were different vIL-10 isoforms.

We compared the expression profiles of vIL-10 isoforms in MRC-5, Bud8, and THP-1 cells.
THP-1 cells has been used as a model for HCMV latent infection, we were unable to detect
any expression of all vIL-10 isoforms. The expression patterns of vIL-10 isoforms in HCMV
infected MRC-5 and Bud8 cells were noticeably different (Table 1), suggesting that the
differential expression of vIL-10 isoforms may be influenced by cellular factors. However, we
cannot exclude possible roles of viral factors because HCMV may replicate differently in
different permissive cell lines. The ability of HCMV to produce multiple vIL-10 isoforms
indicates that the virus has evolved a sophisticated mechanism to interfere IL-10 signaling
pathway. Modulating host immune responses is a key for a virus to evade host immune
surveillance, and to establish persistent infection. Based on our and other groups’ findings, it
is very likely that additional vIL-10 isoforms of HCMV may exist. It will be interesting to
know whether IL-10 homologs of other viruses have multiple isoforms.

Interestingly, all vIL-10 isoforms have an identical 60-amino acid sequence at the N-terminus.
Thus, the intact signal peptide (the first 19 amino acids) is likely to be functional to direct the
glycosylation and the transportation of the isoforms through ER and Golgi for secretion
(Kotenko et al., 2000). vIL-10A, E, F, and G (but not B, C, and D) contain the predicted N-
linked glycosylation site, –Asn151-Gly152-Thr153- site. As expected, vIL-10A, E, and F were
found glycosylated, but not B, C, and D. Glycosylation of vIL-10s may influence their
biological activities, as seen in the case of IL-22, a member of the IL-10 family (Logsdon et
al., 2004).

The crystallography data of vIL-10A showed that vIL-10A forms homo-dimers which
structurally resemble to hIL-10 homo-dimers. It has been shown that Cys78 of vIL-10A is
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involved in stabilizing the vIL-10A dimers through an intra-molecular disulfide bond between
individual vIL-10A polypeptides (Jones et al., 2002). Among all isoforms identified, only
vIL-10A, B, and F maintain the Cys78 residue. However, our data showed that vIL-10A, E, F,
and G formed dimers under the non-reducing condition, suggesting that Cys78 may not be
essential for dimerization. vIL-10B formed high molecular masses under the non-reducing
condition. The nature of these masses was not clear. The result indicates that disulfide bond(s)
between Cys residues may be involved in forming high molecular weight vIL-10 complexes.
In this study, we did not investigate whether different vIL-10 isoforms were able to bind to
each other. We speculated that complexes between different vIL-10 isoforms may also be
formed in the AD169 infected MRC-5 cells.

Several groups have shown that vIL-10A forms homo-dimer and interacts with IL-10R. The
ability of forming homo-dimers or possible hetero-dimers by different vIL-10 isoforms may
enable HCMV to post-translationally generate diverse IL-10R ligands that interfere with the
hIL-10 signaling pathway. In this study, we use THP-1 cells as a model to investigate the effect
of vIL-10 isoforms on the IL-10 signal pathway. It has been shown that hIL-10 interacts with
IL-10R on THP-1 cells, resulting in the phosphorylation of transcription factor STAT3 (Ji et
al., 2005). We found vIL-10A was capable of inducing STAT3 phosphorylation in THP-1 cells,
while other isoforms, B to G did not show significant induction. It is not surprised that different
vIL-10s induce different biological consequences. A recent report show that in contrast to
vIL-10A, vIL-10B does not alter CD40, CD80, CD86 and CD83 on dendritic cells, nor inhibit
pro-inflammatory cytokine production after LPS stimulation. However, vIL-10B
downregulates the expression of MHC class II on GM-Ps. Whether the biological effects of
vIL-10A and vIL-10B were mediated through the STAT3 phosphorylation remains unclear.
These findings indicate that vIL-10 isoforms may induce different biological effects through
different mechanisms (Godwin et al., 2006).

Because of the sequence and structure similarities between vIL-10A and hIL-10, we
investigated whether vIL-10 isoforms were able to form complexes with hIL-10. We performed
GST pull-down assay. Our results showed that all identified vIL-10 isoforms interacted with
hIL-10-GST fusion protein. This is the first report suggesting that vIL-10s and hIL-10 could
interact. We further attempted to investigate the biological consequences of these interactions.
In the presence of vIL-10A, the hIL-10 induced STAT3 phosphorylation was significantly
increased. Because both hIL-10 and vIL-10A can induce STAT3 phosphorylation, whether
such elevation resulted from additive or agonistic effect needs to be further investigated.
Interestingly, despite all other vIL-10 isoforms (B through G) did not significantly induce
STAT3 phosphorylation by themselves, they slightly increased the effect of hIL-10 when co-
expressed. The data suggest the complicated nature of vIL-10s in modulating host IL-10
signaling in the context of HCMV infection.

In addition to the potential for interfering with cellular IL-10 signaling pathways, it should be
mentioned that vIL-10s may be directly involved in the deregulation of cell growth control. A
viral transforming gene, called MtrII, is located within the region of map units 0.685–0.770 in
HCMV genome. The expression of MtrII results in transformation of NIH 3T3 cells
(Choudhury et al., 1992; Doniger et al., 1999; Jahan et al., 1989; Muralidhar et al., 1996;
Razzaque et al., 1988; Razzaque et al., 1991; Thompson et al., 1994; Wang and Razzaque,
1993). Sequence analysis revealed that the MtrII gene is in fact the first exon of vIL-10A. The
predicted product of MtrII is identical to vIL-10D. The transforming activity of MtrII is
apparently associated with its ability to bind and inhibit tumor suppressor p53 (Muralidhar et
al., 1996). However, in the published papers, MtrII was studied by exogenous expressions of
this protein in various cells. We were unable to find any study examining the presence of
endogenous mRNA or protein of MtrII in HCMV-infected cells. Thus, it has not been clear
whether MtrII is indeed expressed in HCMV infected cells. In this paper, we provide evidence
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showing that MtrII or vIL-10D is expressed in virally infected cells based on our RT-PCR
results. The vIL-10D may not be the only isoform that has cell transforming activity. The
minimum domain for the cell transforming activity on MtrII is mapped within the first 49 amino
acids at the N-terminus (Thompson et al., 1994). All vIL-10 isoforms contain this domain,
suggesting their potential roles in disrupting cell cycle control. Thus, it is certainly interesting
to know if vIL-10s are involved in regulating viral replication by modulating cell growth.

In summary, the vIL-10 expression profiles were apparently different among different human
fibroblasts. We have identified five new vIL-10 isoforms from HCMV AD169 infected MRC-5
cells. The newly identified vIL-10 isoforms underwent expected post-translational
modification similar to their cellular counterpart hIL-10. Unlike previously discovered
vIL-10A, these vIL-10 isoforms did not significantly induce STAT3 phosphorylation in THP-1
cells. vIL-10 isoforms can form complexes with hIL-10, suggesting their roles in interfering
with hIL-10 signaling.
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Figure 1.
(A) Schematic representation of HCMV vIL-10 transcripts. The nucleotide numbers
correspond to DNA sequence of HCMV genome. (B) Amino acid sequences of all identified
vIL-10 isoforms. Sequences of vIL-10 isoforms were aligned using MAFFT software
(http://timpani.genome.ad.jp/~mafft/server/). The sequence identity (*) and similarity (: and ·)
are indicated.
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Figure 2.
Detection of vIL-10 isoforms from HCMV AD169 infected MRC-5 cells. Samples of MRC-5
(Lane 1) and HCMV-infected MRC-5 cells (Lane 2) were analyzed by RIP. The specific bands
precipitated from the HCMV infected sample by the anti-vIL-10 antibody were indicated as
*. vIL-10 isoforms from transfected 293FT cells were separated side-by-side on the same gel
and analyzed by Western blot with anti-myc antibody (Lane 3 to 10)
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Figure 3.
Expression and glycosylation of vIL-10 isoforms. A. The tagged vIL-10 isoforms transiently
expressed in 293FT cells were detected by Western blot with an anti-myc antibody. B. The N-
linked glycosylation of each vIL-10 isoform was analyzed after tunicamycin treatment. The
vIL-10 isoforms from transfected cells treated without (Lane 1) or with tunicamycin (Lane 2)
were analyzed by Western blot with an anti-myc antibody. The glycosylated and non-
glycosylated vIL-10s are indicated as * and ** respectively.
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Figure 4.
Dimerization of vIL-10 isoforms. vIL-10 isoforms were transiently expressed in 293FT cells.
Cells were lysed in modified RIPA buffer containing 20 mM of NEM). Samples were then
treated without (−) or with (+) β-mercaptoethanol before being analyzed by Western blot. The
vIL-10 isofoms were indicated as *.
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Figure 5.
Phosphorylation of STAT3 induced by vIL-10 isoforms. Media from 293FT cells transfected
with vIL-10 expressing plasmids were used to induce STAT3 phosphorylation in THP-1 cells.
THP-1 cells were treated with the conditioned media for 1.5 hours, and then subjected to
Western blot analysis with an anti-phosphorylated STAT3 (Tyr705) or an anti-STAT3 antibody.
Expressions of vIL-10 isoforms were included to indicated the input of each protein.
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Figure 6.
Interaction of vIL-10 isoforms and hIL-10. Each vIL-10 isoforms was co-expressed with GST
or hIL-10-GST in 293FT cells. Cell lysates were subjected to a GST pull-down assay. Samples
were then analyzed by Western blot with an anti-myc antibody (upper panels). The whole cell
lysates (WCL) were also analyzed to show equal amounts of vIL-10 isoform in each sample
(lower panels).
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Figure 7.
Effects of vIL-10 isoforms on hIL-10-GST induced STAT3 phosphorylation. hIL-10-GST was
co-expressed with each vIL-10 isoform in 293FT cells. The conditioned media were collected
and used to induce STAT3 phosphorylation in THP-1 cells. Levels of phosphorylated STAT3
were compared by Western blot. Total amounts of STAT3 and hIL-10-GST inputs were shown
as controls.
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Table 1
Distribution of each vIL-10 isoforms in the clones sequenced.

MRC-5 Cells Bud 8 Cells
Isoforms Number of Clones Percentage Number of Clones Percentage
vIL-10A 7 25% 1 8.3%
vIL-10B 4 14.3% 3 25%
vIL-10C 2 7.1% 0 0
vIL-10D 1 3.6% 1 8.3%
vIL-10E 4 14.3% 0 0
vIL-10F 3 10.7% 1 8.3%
vIL-10G 1 3.6% 1 8.3%
Unspliced mRNA 6 21.4% 5 41.7
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