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Although herpesvirus saimiri-transformed T lymphocytes retain multiple normal T-cell functions, only a few
changes have been described. By subtractive hybridization, we have isolated a novel cellular gene, ak155, a
sequence homolog of the interleukin-10 gene. Specifically herpesvirus saimiri-transformed T cells overexpress
ak155 and secrete the protein into the supernatant. In other T-cell lines and in native peripheral blood cells,
but not in B cells, ak155 is transcribed at low levels. AK155 forms homodimers similarly to interleukin-10. As
a lymphokine, AK155 may contribute to the transformed phenotype of human T cells after infection by

herpesvirus saimiri.

Human T lymphocytes are transformed to stable growth in
culture after infection with certain subgroup C strains of her-
pesvirus saimiri (HVS) (saimiriine herpesvirus type 2), a T-cell
tumor virus of New World monkeys (1). The transformed
human T cells carry multiple nonintegrated viral episomes;
they do not release virions and show only limited virus gene
expression (1, 11, 23). In a variety of test systems, HVS-trans-
formed T cells were shown to retain essential functions of their
nontransformed parental cells (reviewed in references 4, 13,
30, and 32). In particular, the major histocompatibility com-
plex-restricted antigen-specific reactivity of parental T-cell
clones was preserved and resulted in increased proliferation,
cytokine release, and cytotoxicity after stimulation (3, 6, 34,
43). In contrast to multiple reports on preserved functions,
little is known about cellular features which are clearly
changed after transformation. The most pronounced differ-
ence is a specific type of hyperreactivity to CD2 stimulation via
cell-bound CD58 or cross-linked CD2 antibodies (33). More-
over, unusually high levels of gamma interferon are produced
after stimulation, which shifts transformed T helper 2 cells to
the T helper 0 phenotype (6). Finally, the nonreceptor tyrosine
kinase Lyn is aberrantly expressed and enzymatically active in
T cells after HVS transformation (12, 44). Functional conse-
quences of this phenomenon have not yet been defined.

Cloning of ak155 by subtractive hybridization. In order to
describe the phenotypic T-cell alterations after HVS transfor-
mation in more detail, we applied the technique of subtractive
hybridization for cloning cDNA fragments of transcripts which
are specifically present in transformed human T cells and not
in their untransformed parental cells (23). Using the acidic
phenol extraction method, total cellular RNA was prepared
from the phorbol ester-stimulated transformed cell line 3C
(CD8" [11]) and from nontransformed T cells of the same
donor. ¢cDNA was generated using purified polyadenylated
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mRNA and Moloney murine leukemia virus reverse transcrip-
tase (Clontech, Heidelberg, Germany). The second strand was
synthesized by a mixture of DNA polymerase I, RNase H,
Escherichia coli DNA ligase, and T4 DNA polymerase. Dou-
ble-stranded cDNA was digested with Rsal to create small
fragments. Specific adapters were ligated to the cDNA frag-
ments in order to allow subtraction based on representational
difference analysis (PCR-Select; Clontech). Advantage Klen-
Taq polymerase (Clontech) was applied for PCR. Subtracted
PCR products were cloned into pCR2.1 (Invitrogen, Gro-
ningen, The Netherlands) and sequenced using M13 reverse
and T7 primers with the dye dideoxy terminator method (ABI,
Weiterstadt, Germany). The resulting library of 399 sequenced
plasmids comprised 280 viral and 119 cellular cDNA clones.
Among the cellular cDNAs, 28 clones were not yet represented
in the current nucleotide databases (23).

One of these novel cDNA clones, ak155, contained an insert
of 506 bp and displayed weak nucleotide homology to the
cellular interleukin-10 (IL-10) gene. Subsequently, the cDNA
was completed by 5" and 3’ rapid amplification of cDNA ends
(Marathon; Clontech). The resulting cDNA, of 1076 nucleo-
tides (nt), carried 29 nt as a poly(A) tail and a polyadenylation
signal at position 1027. The cDNA displayed an open reading
frame of 513 nt (position 36 to 549) with coding capacity for a
polypeptide of 171 amino acids (aa) and a predicted hydro-
phobic signal sequence of 21 aa. The isoelectric point was
calculated as 10.77. With RNase protection assays, the tran-
scription initiation site was mapped to nt 60 upstream of the
ATG, whereas the cDNA clones resulting from 5’ rapid am-
plification of cDNA ends started 35 nt upstream of the trans-
lation initiation site. The predicted AK155 protein showed
24.7% amino acid identity and 47% amino acid similarity to
human IL-10 (Fig. 1A). The homology values were similar
when AK155 was compared to the human, murine, and bovine
IL-10 molecules and to IL-10 of Epstein-Barr virus (EBV).
The structural prediction generated with the Genetics Com-
puter Group program package indicated a series of six helices
and four highly conserved cysteine residues which are assumed
to be relevant for the dimer formation of IL-10. The structural
predictions are supported by experimental data on the viral
IL-10 variant (45).
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FIG. 1. Amino acid sequence alignment and genomic structure of ak155. (A) The amino acid sequences of AK155, human IL-10 (hIL10), and EBV IL-10 (vIL10)
were aligned. Identical amino acids are shaded. Cysteine residues C1 to C4 are conserved. Six predicted helical areas (helices A to F) for the three proteins are marked.
(B) The genomic exon-intron structure and the ak/55 coding region are depicted. The nucleotide positions above the structure refer to akl55 cDNA. The nucleotide
positions below the structure correspond to the genomic sequence of the human chromosome 12q15 region.

Chromosomal localization and genomic structure. Upon
further database searches, we detected a local nucleotide se-
quence identity of akl55 to chromosome 12q15 at a genomic
sequence-tagged site (accession no. U29151) used for mapping
the genomic region in a 6-Mb yeast artificial chromosome
contig (15, 38). Similarly to the gamma interferon gene, down-
stream at a distance of 41 kb, akl55 is oriented towards the
centromere. We obtained the respective genomic cosmids and
plasmid subclones from E. Schoenmakers (Louvain, Belgium)
and determined the exon-intron structure of the gene (Fig.
1B). The five akl55 exons of 206, 57, 135, 66, and 583 bp are
disrupted by three small introns (85, 159, and 86 bp) and one
large intron of more than 23 kb. We sequenced the 5’ and 3’
flanking regions, the exons, and the small introns from the
cosmid clones. Recently, the genomic sequence of the respec-
tive region of human chromosome 12q15 has become available
in GenBank (accession no. AC007458; 191,111 bp; BAC
RPCI11-444B24). Within this entry of high-throughput ge-
nome sequence data, our genomic sequences correspond to nt
140063 to 141674 (1,612 nt comprising exons 4 and 5 and the
3’ region) and 159771 to 166615 (6,839 nt comprising the
promoter region, exons 1 to 3, and a part of intron 3) with a
gap in intron 3. Whereas the exons are strictly conserved in
both genomic sequences, some allelic divergence was observed
in the 5" upstream region (four point mutations and deletion of
3 nt within a region of 395 nt) and within intron 3 (nine point
mutations, one insertion of 3 nt, and one deletion of 6 nt within
a stretch of 3,635 nt).

Overexpression of ak155 in HVS-transformed lymphocytes.
In the next step, the expression pattern was studied. The ak155
c¢DNA had been cloned from an HVS-transformed human
CD8™" T-cell line (3C, transformed by virus strain C488 [11,

23]). First, we analyzed ak155 transcription by Northern blot-
ting utilizing total cellular RNA and the coding region as probe
DNA. Whereas strong akl55 signals at a position correspond-
ing to 1.3 kb were readily detectable in T-cell line 3C, there was
no hybridization found with mRNA from the human T-cell
leukemia line Jurkat or from primary T cells after mitogen
stimulation and cultivation in the presence of IL-2. Additional
stimulation with the phorbol ester tetradecanoyl phorbol ace-
tate (TPA) (2 ng/ml for 6 h) did not induce ak155 transcription
(Fig. 2A). A series of other HVS-transformed T-cell lines con-
tained akl55 transcripts as well (Fig. 2B): CB-15, Kesting, and
A488.1 (CD4"; transformed by C488 [1, 11, 12]), P1084 and
B488.1 (CD8™; transformed by C488 [1, 12]), and the C139-
transformed T-cell lines A139.1 (yd T-cell receptor) and
A139.3 (aB, CD4" [12]). Moreover, we were able to demon-
strate akl55 transcripts in transformed T cells from New
World monkeys (Saguinus oedipus) (T cells from donors B133
and R226 [24]). Remarkably, ak155 expression was not specific
for the virus subgroup used for transformation and was simi-
larly detectable in T cells transformed by the virus strains Al1,
B-SMHI, and C488 (Fig. 2C). Additionally, various other cell
types were tested for akl55 transcripts by Northern blotting
(Jurkat, SupT1, MT2, C91PL, HuT-102, B/JAB, HeLa, and
Tera2 [Fig. 2D]). With this method, we were unable to identify
additional ak155-positive cell types. Infection of the permissive
epithelial cell line OMK with HVS C488 did not induce akl55
transcription.

By using reverse transcription (RT)-PCR with random hex-
amer primers, reverse transcriptase (Superscript; Gibco), and
the specific primers HF123 (GTG-AAC-GGA-AAT-GCT-GG
T-G) and HF126 (GGC-TTT-GGT-TTA-CTG-ACT-G), we
confirmed that a large number of HVS-transformed human
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FIG. 2. akl55 transcription pattern. The transcription of ak155 was analyzed by Northern blotting (A to D) and RT-PCR (E and F). (A) Strong ak155 transcript
bands were demonstrated for the HVS-transformed CD8* human T-cell line 3C, but not for either nontransformed T cells or Jurkat cells. Phorbol ester stimulation
(TPA; 2 ng/ml for 6 h) did not affect ak155 transcription. Laminin receptor transcripts are shown as a control. (B) A series of additional HVS-transformed T-cell lines
also transcribed ak155: CB-15, Kesting, and A488.1 (CD4™; transformed by C488), P1084 and B488.1 (CD8™; transformed by C488), and the C139-transformed T-cell
lines A139.1 (yd T-cell receptor) and A139.3 (af, CD4™). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) transcripts are shown as a control. (C) akl55
transcripts were also demonstrated in transformed T cells from New World monkeys (S. oedipus) (T cells from donors B133 and R226 [24]). ak155 expression was not
specific for the virus subgroup used for transformation and was similarly detectable in T cells transformed by the virus strains A11, B-SMHI, and C488. rRNA bands
are shown as a transfer control. (D) Various other cell types were tested by Northern blotting for ak155 transcripts (Jurkat, SupT1, MT2, C91PL, HuT-102, B/JAB,
HeLa, and Tera2). No additional akl55-positive lines were identified. Infection of the permissive epithelial cell line OMK with HVS C488 did not induce akl155
transcription. GAPDH transcripts are shown as a control. (E) By using RT-PCR we confirmed that HVS-transformed human T-cell lines (CB-15 and 3C) transcribed
akl155 at a high level (540-bp fragment). Transcripts were also detected in T blasts but at low levels. Additional phorbol ester stimulation did not change the signal
intensity. The cDNA plasmid pAK155 served as a positive control. (F) Weak RT-PCR signals for ak155 transcripts were detected from unstimulated fresh peripheral
blood mononuclear cells (PBMC) of 10 healthy blood donors by ethidium bromide staining and confirmed by Southern blot hybridization. B-Actin transcripts are shown
as a positive control.

T-cell lines transcribed ak155 at high levels (540-bp fragment PCR product samples were tested for specificity by direct se-
[example shown in Fig. 2E]). With a RT-PCR protocol with quencing. Whereas the IL-10 gene was transcribed in most cell
increased sensitivity (Superscript II; Gibco), we screened var- lines of the T or B lineage, akl55 transcription was rather
ious laboratory cell lines, mainly of hematopoietic lineages specific for T cells. A series of leukemia T-cell lines and human
(Table 1) (31). In addition, we tested the same RNA samples ~ T-cell leukemia virus (HTLV)-transformed T-cell lines, as well
for IL-10 and for B-actin transcripts as a positive control. The as primary mitogen-stimulated T cells, showed akI55 tran-
primers HF360 (TCT-CAA-GGG-GCT-GGG-TCA-GCT-AT scripts. In contrast, most other cell lines tested were negative
C-CCA) and HF361 (ATG-CCC-CAA-GCT-GAG-AAC-CA for ak155 transcripts. The human herpesvirus 8§ (HHV-8)-con-
A-GAC-CCA-GAC) were used for demonstrating IL-10 tran- taining cell line BCBL-1 and the Hodgkin’s lymphoma line
scripts, and HF291 (CGG-GAA-ATC-GTG-CGT-GAC-AT) 1428 harbored small amounts of transcripts (+). The akl55
and HF292 (GAA-CTT-TGG-GGG-ATG-CTC-GC) were transcript amounts did not seem to depend on the level of
used for demonstrating B-actin transcripts. The results (Table T-cell activity: phorbol ester stimulation or inhibitory treat-
1) were monitored in a simple semiquantitative way. Strong ment with cyclosporine did not change the transcript levels
signals were easily detectable in ethidium bromide-stained aga- observed. Moreover, unstimulated fresh peripheral blood cells
rose gels (+++); weak signals were still detected by simple of 10 healthy blood donors were positive for akl55 mRNA
ethidium bromide staining (+ + [example in Fig. 2F]), whereas (++ [Fig. 2F and Table 1]). Thus, we conclude that akl55 is
in some cases, faint signals were detectable only after Southern normally expressed by certain T cells at low levels and specif-
blot hybridization of the same gels (+). In order to confirm ically overexpressed by T cells after HVS transformation.

specificity, all IL-10 gene and ak155 RT-PCR gels were ana- Dimer formation and secretion of AK155 from human T
lyzed by Southern blot hybridization. Additionally, selected cells. We cloned the akl55 open reading frame without the
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TABLE 1. Expression of IL-10 and AK155 in cell lines

RT-PCR signal intensity

Cell type Cell line® Features

1L-10 AK155 B-actin

T cells PHA T blasts T, primary ++ +4++ +++
PHA T blasts, TPA (6 h) T, primary ++ +4+4 +++

CB-15 T, HVS transformed, CD4 +++ +++ +++

CB-15, TPA (6 h) T, HVS transformed, CD4 +++ +++ +++

3C T, HVS transformed, CD8 ++ +++ +++

3C, TPA (6 h) T, HVS transformed, CD8 ++ +++ +++

Jurkat T, mature +++ +++ +++

Karpas-45 T, Pro-ALL? + +++ ++4

Molt-15 T, Pro-ALL + + 4+ L+

Molt-3 T, cortical +++ + +++

Molt-16 T, mature + + 4+

SupT1 T, mature + +++ 4+

MT2 T, HTLV-1 transformed +++ + +++

MT?2, TPA (6 h) T, HTLV-1 transformed +++ + +++

C91PL T, HTLV-1 transformed +++ + +++

CI91PL, TPA (6 h) T, HTLV-1 transformed +++ ++ +++

HUT102 T, HTLV-1 transformed + ++ +++

HUT102, TPA (6 h) T, HTLV-1 transformed ++ +++ +++

B cells B/JAB B, Burkitt +++ - 4+
Raji B, Burkitt +++ — +++

Daudi B, Burkitt + - +++

Jijjoye B, Burkitt 4+ - N

SS-EBV B-LCL, EBV transformed +++ — +4++4+

AC-EBV B-LCL, EBV transformed +++ - +++

ES-EBV B-LCL, EBV transformed +++ — +4++4+

RPMI8226 Plasma cell ++ - +++

BCBL-1 B, HHV-8 containing +++ + +++

BCBL-1, TPA (6 h) B, HHV-8 containing +++ + +++

BCBL-1, TPA (24 h) B, HHV-8 containing +++ + +++

Other hematological cell lines THP-1 Monocytes + - +++
U937 Monocytes + - +++

K562 Erythroleukemia - - +++

L1428 Hodgkin’s disease + + +++

Fibroblasts HFF Fibroblasts — - +++
Carcinoma cell lines Pancl Pancreas carcinoma - - +++
HeLa Cervix carcinoma — — +++

Tera2 Teratocarcinoma ++ - +++

Skin biopsy cells Skin Donor 1 ++ - +++
Skin Donor 2 ++ — L4

Skin Donor 3 ++ - +++

Skin Donor 4 ++ — +++

Blood cells Fresh PBMC Donor 1 ++ ++ +++
Fresh PBMC Donor 2 ++ ++ 4+

Fresh PBMC Donor 3 ++ ++ +++

Fresh PBMC Donor 4 ++ ++ 4+

Fresh PBMC Donor 5 ++ ++ +++

Fresh PBMC Donor 6 ++ ++ +++

Fresh PBMC Donor 7 ++ ++ +++

Fresh PBMC Donor 8 ++ ++ +++

Fresh PBMC Donor 9 ++ ++ +++

Fresh PBMC Donor 10 ++ ++ 4+

¢ Details on the individual cell lines are given in reference 31. PBMC, peripheral blood mononuclear cells.

b Pro-ALL, acute lymphocytic leukemia.

N-terminal 21-aa signal peptide into the bacterial expression
vector pQE30 (Qiagen, Hilden, Germany). After isopropyl-B-
D-thiogalactopyranoside (IPTG) induction in E. coli K-12/
M15/pRep4, the recombinant N-terminal histidine-tagged pro-
tein was purified under denaturing conditions on nickel-

nitrilotriacetic acid-agarose columns and renatured by dialysis
(Fig. 3A). The denatured recombinant protein migrated as a
19-kDa band in sodium dodecyl sulfate (SDS) gel electro-
phoresis. When the protein was loaded in the absence of
B-mercaptoethanol and without heat denaturation, the 19-kDa
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FIG. 3. AK155 dimerization and production by HVS-transformed human T cells. (A) Recombinant amino-terminally histidine-tagged AK155 protein was expressed
after induction in E. coli. The protein was purified by nickel-nitrilotriacetic acid-agarose chromatography. The denatured recombinant protein was demonstrated as a
19-kDa band in SDS gels. In absence of 2-mercaptoethanol (2ME) and without heat denaturation, the 19-kDa band shifted to the 36-kDa position. A Coomassie-stained
SDS gel is shown. (B) Recombinant amino-terminally Flag-tagged AK155 protein was expressed in COS-7 cells after transfection. The recombinant protein was easily
detectable by Western blotting either with the anti-Flag monoclonal antibody or with rabbit antiserum. In both cases, the eukaryotically expressed protein efficiently
formed dimers when tested under nondenaturing conditions. (C) The endogenous AKI155 protein from HVS-transformed human T cells (3C and CB-15) was
demonstrated by Western blotting with rabbit antiserum. Protein was detected in lysates of the transformed T-cell lines 3C and CB-15 without previous immunopre-
cipitation and in their supernatants after immunoprecipitation with rabbit antiserum and protein G-agarose. As a control, bacterially expressed His-AK155 is shown
in the first lane. Due to the histidine tag, this protein appears at a slightly larger size than the endogenous protein from 3C and CB-15 cells. AK155 was detectable
neither in Jurkat cells nor in their supernatant. The Western blots were developed with chemiluminescence reactions.

band shifted to the 36-kDa position. This is an indication of
spontaneous dimer formation and functional protein folding
after renaturation. The recombinant protein was used to raise
polyclonal rabbit antisera. Moreover, the predicted mature
protein coding sequence was fused to a CDS8 leader sequence
and N-terminal Flag epitope tag as described for IL-10 (18,
26). This construct was cloned into the eukaryotic expression
vector pME18S under the control of the SRa hybrid promoter
(28, 41). After transfection of COS-7 cells, the recombinant
protein was easily detectable by Western blotting either with
an anti-Flag monoclonal antibody (Integra, Fernwald, Ger-
many) or with rabbit antiserum. The eukaryotically expressed
protein efficiently formed dimers when tested under nondena-
turing conditions with either of the two antibodies (Fig. 3B).
Finally, the endogenous AK155 protein of HVS-transformed
human T cells was demonstrated by Western blotting utilizing
rabbit antiserum. AK155 protein was detected in lysates of the
transformed T-cell lines 3C (CD8") and CB-15 (CD4 ") with-
out previous immunoprecipitation and in culture supernatants
after immunoprecipitation with rabbit antiserum and protein
G-agarose (Roche) (Fig. 3C).

Although many functional features of parental T-cell clones
are maintained after transformation by HVS, little is known
about functional changes besides CD2 hyperreactivity, aber-
rant Lyn expression, and the tendency towards the T helper 1
phenotype due to high levels of gamma interferon (6, 12, 33,
44). Although the viral genes stpC and tip, which are essential
for transformation, have been identified and functionally char-
acterized, it is still unclear by which mechanism they finally do
cause the transformed phenotype of T cells (2, 10, 20, 23;
reviewed in references 4 and 21). Using the nonbiased ap-
proach of subtractive hybridization and representational dif-

ference analysis, we have isolated a novel cellular gene, ak155,
which is strongly expressed in HVS-transformed T cells. North-
ern blotting analysis indicated that akl55 overexpression is
highly specific for this cell type.

akl155 has been mapped to the human chromosome 12q15.
This locus is in the vicinity of a chromosomal breakpoint region
called the multiple-aberration region in benign tumors, such as
leiomyomas of the uterus, lipomas, and pleomorphic adeno-
mas of the salivary gland (38, 42). A salivary gland adenoma
cell line carried a complex genomic rearrangement in which
the high-mobility-group protein HMGIC gene from the 12q15
multiple-aberration region was inserted into the large intron of
akl55 (15). The gamma interferon gene is situated down-
stream of ak155 at a distance of approximately 41 kb. Both the
gamma interferon gene and akl55 are overexpressed in HVS-
transformed T cells. Thus, a common regulatory mechanism
for the two genes is conceivable. In contrast, the human IL-10
gene is localized to human chromosome 1 (22). Simple gene
duplication is unlikely, since the sequence homology is rather
low. Although the overall intron-exon structure is relatively
similar, a large intron of 23 kb is not found in the IL-10 genes
of various species.

IL-10 is a multifunctional, pleiotropic cytokine with stimu-
latory and suppressive effects on B and T cells (reviewed in
references 9, 17, and 35). HVS-transformed human T-cell lines
are able to produce IL-10 (29) (Table 1). IL-10 is the relevant
growth factor for suppressive regulatory T cells (16). The IL-10
receptor consists of two chains (18, 25, 26). The distant ho-
mology of AKI55 to IL-10 suggests that use of the IL-10
receptor by AK155 is unlikely. Several viruses carry their own
variants of the IL-10 gene. The IL-10 homologs of EBV (19)
and equine herpesvirus type 2 (37) are much more homologous
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(approximately 70% amino acid identity) to IL-10 than to
AKI155 (approximately 25% amino acid identity). EBV IL-10
does engage the IL-10 receptor (27). In mice, EBV IL-10 was
shown to inhibit the rejection of transplanted organs and of
allogeneic and syngeneic tumors (36, 39). IL-10 of the orf
parapoxvirus also exhibits some inhibitory effect on T-cell pro-
liferation (14). IL-10 of EBV has been studied in detail. Al-
though there are subtle functional differences between viral
and cellular IL-10 (27), cellular IL-10 seems to be functionally
dominant in EBV-transformed B cells (5). However, the viral
IL-10 gene is dispensable for virus replication and B-cell trans-
formation by EBV (40). Latently infected EBV-transformed B
cells were shown to express a novel IL-12 p40-related cytokine,
called EBV-induced gene 3 (7, 8). The situation seems to be
analogous for HVS, in which the overexpression of akl55 is
one of rare changes between native and transformed T cells.
AK155 is a good candidate to play a role in the autocrine
growth stimulation leading to spontaneous proliferation of T
cells after HVS infection.

Nucleotide sequence accession numbers. EMBL accession
no. AJ251549 to AJ251551 have been assigned to the cDNA
and the genomic sequences of akl55.
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