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Human and viral interleukin-10 (1L-10) passess growth factor activity for human B cells and may act as autocrine
growth factors in B cell malignancies. To study this possibility we have measured viral {v) and human {h) IL-10 expres-
sion in EBV-positive and negative B lineage tumors and tumor cell lines. Previous studies demanstrated IL-10 expres-
sion in cell lines and now we describe the pattern of IL-10 expression in primary Burkitt's lymphoma {BL} tumor biopsies
and in BL lines of defined phenotypes. vIL-10 was expressed during the Iytic (productive) phase of EBY infection, but
not during virus fatency. Although hlL-10 was expresgsed in the majority of B cell lines, it was hot expressed in two BL
biopsy specimens. Expression of hIL-10 did not correlate with the presence of EBV, but was associated with the
differentiation state of the B cealt line. Thus, viL-10 may enhance the persistence of B cells infected at sites of virus
replication, and while h1L-10 may be a factor in the growth both in vive and in vitro of some Bls and EBV-transformed B

cells, it is not an absolute requirement.
INTRODUCTION

The Epsiein-Barr virus (EBV) is a herpesvirus which
can eslablish a nonproductive or latent infection in hu-
man B lymphocytes both in vivo and in vitro. The virus
i& associated with several B cell lumors including Bur-
kitt's lymphoma (BL; Epstein et 2/, 1964) and poly-
clonal lymphoproliferations in immunosuppressed indi-
viduals (Clsary et g/, 1986). Permanent tumor lines
have heen established from many BL biopsies, the ma-
jority of which contain EBV. In addilion to its assacia-
tion with tumors, EBV also possesses the ability to
transform normal, resting B cells in vitro into perma-
nent tings, termed lymphobiastoid cell lines (LCLs),

EBV can transform normal B cells at a number of
different stages in B celf differentiation. However, the
{_CLs which grow out have a phenotype which is repre-
sentative of B-blasts (Nilsson and Kiein, 1982; Kata-
rmine e! af., 1984; Emberg el af, 1987; Gregory et af.,
1987: 1988a). In contrast, Burkitt's lymphoma {BL) tu-
maor cells and early-pagsage BL lines, whether they
contain EBV or not, are representalive of an earliar
stage in B cell differentiation than LCLs (Rooney et af.,
1986, Gregory et al., 1988a,b).

EBV gene expression differs between cell types and
in BL lines has been found to alter upon growth in vitro,
In BL tumor biopsies and certain Bl.-derived kines, EBV
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displays a minimal, type latency where only EBNA 1is
expressed. Upon passage, EBV gene expression nor-
mally progresses toward type I} latency, which is that
seenin LCLs. In this state the virus expresses an addi-
tional five EBNAs and three membrane proteins (Rowe
et al., 1987; Gregory et al., 1390). An alteration in cellu-
lar gene expression and hence surface phenotype is
concarmitant with the progression in EBV gene expres-
sion. Thus BL biopsy cells and certain lings retain a
hiopsy-like, group | phenctype, whereas upon passage
the majority of lines progress toward a more activated,
LCL-like group M phenotype {Rowe et al., 1985; Greg-
ory et al, 1990),

Interleukin-10 (IL-10) is a polypeptide growth factor
which has profound effects on cells involved in the im-
mune response (for review see Spits and de Waal Male-
fyt. 1992). Analysis of the IL-10 coding sequence re-
vealed that it was highly homologous 10 the EBV open
reading frame BCRF1 (Moore et al., 1990; Vieira et al.,
1991). Expression of this gene showed that the EBV-
encoded product had the same biological activities as
hIL-10 and hence it was termed viral 1IL-10 (vIL-10).

IL-10 affects the functions of many cell types, nola-
hly macrophages and B cells. Macrophages are es-
sentially deactivated by IL-10 due to downregulation of
MHMHC class 1l expression and cytokine synthesis {de
Waal Malefyt er af, 1991 a.b; Fiorentino et a/,, 1891
a,b). In contrast, 1L- 10 acts as a stimutatory factor for B
cells, Thus, it enhances the viability of resting B cells
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(Go et al,, 1990} and enhances the proliferation and
immunoglobulin {lg) secretion of activated B cells
{(Rousset er af,, 1992; Burdin et al., 1893).

hli-10 is produced by a range of cell types including
activated T cells of all subsets (Spits and de Waal Male-
fyt, 1992), activated monocytes (de Waal Malefyt et al.,
1991a), and B cells. Thus some, but not all, LCLs, BL
lines, and AIDS-associated B lymphomas have been
shown to produce hiL-10 (Benjamin et af,, 1992; Emilie
eral., 19982; Burdin et al., 1993). In contrast, viL-10, at
least in the prototypic B95-8 strain, is a product of the
EBV iytic cycle and thus is not normally expressed by B
celis since they harbor the virus in a latent state (Hud-
son er al., 1985; Stewart and Rooney, 1992).

The aim of this work was 10 study the expression of
vIL-10 and hiL-10 by B cells which are a natural host of
EBV and hence assess their potential role in EBV per-
sistence and tumaorigenesis. We studied expression in
BL biopsy specimens which had not been grown in
tissue culture as well as BL lines which were of a de-
fined biopsy-like phenotype (g!) and LCLs. In addition,
we studied the relationship between hil-10 expression
and the differentiation state of these lines.

MATERIALS AND METHODS
Cells

All cell lines were maintained at exponential growth
in RPMI 1640 (GIBCO/BRL, Paisley, Scotland) contain-
ing 10% fetal calf serum {Globepharm, Esher).

The lines Akata (Takada, 1984), Eli (Rooney et af.,
18886}, Mutu gt {Gregory et al., 1990), and Odhi (Rowe
et al., 1992} are all EBV-positive BL-derived lines with a
clearly defined gl phenotype. Mutu gfll (Gregory er af.,
1990) was derived from the same biopsy as Mutu gl
but has a defined glii phenotype. Raji (Pulvertaft, 1964}
and AG876 (Pizzo et af, 1978) are EBV-positive BL
lines. The lines IARC-BL2, BL3C, BL41 (Lenoir et a/,
1985), and Ramos (Klein et a/,, 1975) are EBV-negative
BL-derived lines. The Namalwa sublines CSN/70, IPN/
45, PNT, and KN2 were all derived from the same EBV-
positive BL line (Guy et af., 1990). B95-8 (Miller et 4/,
1972} is a marmoset LCL. The tines J5/B85, MM/BS5,
NG/B95, and Kloek/B95 are LCl.s obtained by in vitro
transformation of donor lymphocytes with EBV (strain
B95-8). EG/LCL and MT4/L are EBV-positive LCLs
which grew out spontaneously in culture. Akata, Eh,
Mutu, and Odhi were obtained from Professor A. B.
Rickinson {University of Birmingham, UK)., BL2 and
BL30 were available within the laboratory but were ad-
ditionally cbtained from Dr. L. Young {University of Bir-
mingham, UK). Kloek/B95 was obtained from Dr. J,
Reittie (Royal Free Hospital, London). MT4/L was cb-
tained from Dr. S. Hopkins (Hope Hospital, Salford,
UK). The four variant Namalwa sublines were obtained

frorn the German Collection of Microorganisms and
cell cultures.

Two BL biopsies were obtained from patients within
St. Jude Children's Research Hogpital and were termed
Jude? and Jude3. Both were histologically diagnosed
as BL and carried chromosomal translocations asso-
ciated with BL, either 1(8:22) or t(8:14) for Jude2 and
Jude3, respectively. lude? was found to be positive
and Jude3 negative when tested for the presence of
EBV by Southern blotting using the EBV BamHI W frag-
ment as probe.

HLA typing was performed using standard serologi-
cal techniques by Dr. E, V. Turner (St, Jude Children’s
Research Hospital).

Productive EBV replication was induced in cells by
the addition of 20 ng/ml 12-O-tetradecanoyl-phorbol-
13-acetate (YPA; Sigma) for 3d.

Generation of probes for [L-10

The probe used for vIL-10 was a 935-bp DNA frag-
ment (EBV coordinates 9659-10,594) which contains
the complete BCRF 1 open reading frame. This was
excised from a plasmid containing cloned EBV DNA
{(Arrand et al., 1981} with the enzyme Stul using stan-
dard technigues (Sambrock et a/., 1989).

The hiL-10 probe was generated by RT-PCR using
RNA prepared from the line JS/B95 and the primers
5-GAAGGCATGCACAGCTCAGC-3 (sense strand) and
5-GTCCTAGAGTCTATAGAGTCG-3 {anti-sense strand).

The probe used for the EBV early gene product BZLF
1 was a 1.8-kbp ¢cDNA fragment which was excised
from pUC18 using the enzymes BamHI and EcoRl,

The probe for §-actin was a 2-kbp fragment compris-
ing the chicken g-actin cDNA which was obtained from
Dr. J. Cleveland (St. Jude Children's Research Hospital,
Memphis, TN) and was excised from pBR322 using the
enzyme Pstl.

Double-stranded DNAs (25 ng) were radiolabeled
using [e-*2P]dATP (NEN) and a random-primed DNA
labeling kit (Boehringer) to a specific activity of >1 X
10% cpming. -

Northern blotting

Cytoplasmic RNA was prepared by acid phenol ex-
traction exactly as described by Rooney et 3/, (1991).
Total RNA {10 pg/track) was electrophoresed through
1.2% agarose gels containing formaldehyde and blot-
ted onto nylon membranes (MagnaGraph, MSI) by
capillary transfer exactly as described (Sambrook et af.,
1988). Blots were hybridized and washed according to
the manufacturers instructions. Molecular weight
determinations were made using an RNA ladder
{GIBCO/BRL).
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Southern blotting

This was performed exactly as described by Sam-
brook et al., (1289), Genomic DNA (10 ug/track) was
digested with the appropriate restriction enzyme and
electrophoresed through 0.7% agarose gels. Molecu-
far weight determinations were made using a 1-kb lad-
der {GIBCO/BRL).

FACS analysis

Cells {1 X 10° were first washed with PBSAA (PBS
containing 0.2% BSA and 0.2% azide) before being re-
suspended in 100 ul PBSAA. FITC-conjugated antibod-
ies {10 ul) were then added and the mixture incubated
for 10 min in the dark. The FITC conjugates used were
monoclonal mouse anti-CD3 (Dakopaits) or mono-
clonal mouse anti-CD38 (Serotec). Excess antibody
was removed by washing three times with PBSAA and
the cells resuspended finally in 500 ul PBS containing
0.5% paraformaldehyde. The fluorescence was then
analyzed using a FACS IV (Becton Dickinson). The re-
sults were expressed as the mean fluorescence of
30,000 events on a linear scale and at equivalent gain
or the percentage of fluorescence-paositive cells rela-
tive to the negative control {anti-CD3). Experiments
were repeated on two separate occastons with compa-
rable results.

ELISA for secreted immunoglobulin

Cells were seeded at a density of 1 X 10%ml and
ware grown for 4 days after which time the medium
was harvested. The amount of Ig in supernatants was
quantitated using a double-aniibody sandwich ELISA
as described by Lems-Van Kan et af., (1983). The sensi-
tivity of both assays was <0.1 ng/ml. Assays were per-
formed in quadruplicate and the results expressed as
the mean. The coefficient of variation was <10% in all
cases.

RESULTS
Specificity of probes for viral and human IL-10

Expression of viL-10 and hilL-10 was assessed by
Northern blotting. Since the sequences encoding vIL-
10 and hiL-10 share 71% identity (Vieira et &/, 1921},
we first probed RNA derived from cell lines which ex-
pressed either one or the other species of 1L-10 and
determined that both probes were specific (results not
shown).

Expression of viral IL-10 by human B cells

It had been shown previously in B95-8, a marmoset
LCL displaying type il latency, that viL-10 mRNA was
produced only during EBYV lytic cycle gene expression
and not during latency (Hudson et a/., 1985). We
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Akata
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FiG. 1. Expression of vIL-10 and hIL-1Q with relation to productive
EBV rephication. RNA was extracted fromn the lines indicated either
before or after treatment with TPA and subjected to Northern blot
analysis. The biot was probed sequentially with sequences encod-
ing vIL-10, BZLF1, hiL-10, and B-actin. The sizes of the viIL-10
mRNAs in kb are indicated at the right.

wished to investigate whether this pattern held for
other types of EBV-positive B cells. Expression of viL-
10 was therefore assessed in BL tumor biopsy speci-
mens as well as lines displaying both type lll and type |
latency. Selected lines were tested before and after
ireatment with TPAwhich induces EBV lytic cycle gene
expression. The degree of induction was assessed by
reprobing the same blot for BZLF1 mRNA which is a
sensitive marker of EBV productive cycle gene expres-
sion {Rooney et af., 1988).

The results (Figs. 1, 2 and Table 1} showed that BL
biopsies and the untreated B cell lines, with the excep-
tion of B85-8, did not express detectable amaounts of
vIL-10 mRNA whether they expressed type | or type ]
latency. Figure 1 shows that again, with the exception
of B95-8, the expression of BZLF1 mRNA and hence
Iytic cycle gene expression was not seen untreated B
cell lines, After addition of TPA, the expression of
BZLF1 mRNA in all but Mutu glll cells and the expres-
sion of viL-10 mRNAs followed this pattern exactly.
Three viL-10 mRNAs of sizes 0.8, 1.0, and 1.6 kb were
ahserved in Mutu gl, Akata (gl) and B95-8 lines with the
0.8-kb species being predominant. This pattern is ex-
actly as described previously for B95-8 cells {Hudson
et al., 19856}, viL-10 mRNA was induced in TPA-treated
AG876 cells but the levels were extremely low and the
signal was lost upon photographic reproduction,

Thus, viL-10 was not expressed in the majarity of B
cells tested, including freshly isolated BL biopsies and
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FiG. 2. Expression of hil.-10 by B cells. RNA was extracted from
the B cell lines and BL biopsies indicated and subjected to Northern
biot analysis. The results of three individual blots (A, B, and C) are
shown. RNA from the Mutu gl line was included in each blot as an
internal positive control for hl.-10. Each blot was probed sequen-
tially with hiL-10 and then 8-actin. The double arrowheads show the
position of the hiL-10 mRNA in Odhi cells which could be sesn on
the autoradiograph but which was lost upon reproduction.

gl BL lines and as these cells harhor EBV in a predomi-
nantly latent state; vIL-10 expression was observed
only during EBV Ivtic cycle gene expressian.

Expression of human IL-10 by B cells

The same B cells were analyzed for expression of
hiL-10. As can be seeninFig. 2¢, no hlL-10 expression
was observed in the two BL tumor biopsy specimens.
However, expression of a 1.8-kb hiL-10 mRNA was
observed in the majority of B ce) lines tested whether
they had a gl or glll phenotype (Figs. 1 and 2). One of
seven LCLs {Kloek/B95) and two of four EBV-negative
BL lines {(BL41 and Rames) did not express detectable
hiL-10 mRNA,

The levels of hiL-10 mRNA relative to 8-actin varied
considerably between the cell lines in which it was ex-
pressed. In general, as can be seen in Fig. 2, LCLs
(e.g., MM/B95, EG/LCL, and SV/B95H) expressed
higher fevels of hil-10 than the Bl tines (e.g., Mutu gi,
Eli, Odhi, and BL30). The levels of expression between
BL. lines appeared to be highly variable from BL2 which
expressed as much mRNA as some LCLs to Odhi in
which the signal was barely detectable. It was also
found that the gl subclone of Mutu expressed more
hIL-10 mRNA than Mutu glll cells (Fig. 1).

Since it had been reported by other workers that BL2
and BL30 did not express hiL-10 {Vieira et a/., 1991
Burdin et al., 1993} and our data showed the opposite
(Fig. 2b), we checked the authenticity of the lines by
HLA-typing. The HLA types of the lines were deter-
mined using standard techniques and were found to be
identical to those reported previously (A. B. Rickinson,
personal communication). In addition, we obtained
BL2 and BL30 from another laboratory and these cells
showed an identical pattern of hiL-10 expression. it is
therefore likaly that the differences between the two
sets of results are due to the divergence of cellular

phenotype upon passage as has been reported for
other BL lines (Guy et al., 1990).

The expression of hiL-10 was also influenced by
TPA (Fig. 1). TPA markedly increased the levels of hiL-
10 in Mutu gl, Mutu glil, and AG878, had no effect in
Akata, and decreased its levels in B95-8 cells, Thus,
TPA had differential effects upon the levels of hiL-10
mRNA depending on the cell ling, which was indepen-
dent of its influence on vIL-10 expression,

To determine whether the lack of basal expression of
hit-10 by Kloek/Ba5, BL41, and Ramos was due to
chromosomal abnormality, genomic DNAs from these
lines, as well as JS/B95 as a control, were analyzed by
Southern blotting using the hiL-10 coeding sequence as
a probe. The result of using DNA digested with the
enzymes Bg/ll (Fig. 3), Tagl, or Hindlll {not shown) re-
vealed no restriction fragment-length polymorphisms
in this locus between the Yines. Thus, there was no
evidence of loss or gross rearrangement of the hiL-10
coding region. We next determined whether hiL-10 ex-
pression could be induced. After addition of TPA,

TABLE 1

ExPRESSION OF vIL-10 AND hIL-10 8Y HuMaN 8 CELL LINES

A. Lymphoblastoid cell lines

Cell Line vIL-10 mRNA hiL-10 mRNA

—+
o

B95-8 + (+¥
EG/LCL -
J5/B95 -
KLOEK/B95 -
MM/B2b -
MT4/L -
NG/B95 -
Sv/B9S -

I

B. Burkitt's lymphoma cells

Cell EBV Status vil-10 mRNA hill-10 mRNA

BLZ - —
BL30O
BL41
Ramos
AG876
Akata®
Eli©
Mutu gl°®
Mutu glit
Qdhi®
Raji
Jude 2¢
Jude 37 -

|
+ +

|
T
4 b+ +++

|4+ + -+ + + + + |

# + denotes signal on northern blot; — denotes no signal; brackets
denote signal after treatment with TPA.

& Marmoset cell line thus signal to cross-reactivity with marmoset
IL-10.

¢ BL lines of a defined biopsy-like {gli phenotype.

9 BL biopsy material.
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FiG. 3. Integrity of the hIL-10 locus. High-molecuiar-weight DNA
was extracted from the cell lines indicated, cut with the restriction
enzyme Bglll, and analyzed by Southern blotting using the hIL-10
coding sequence as a probe. The position of the molecufar weight
standards in kbp are indicated at the left.

Kloek/Ba5 cells produced hlL-10 mRNA, whereas
BL41 and Ramos still remained negative. Thus, at least
in Kloek/B95, the lack of detectable hiL-10 mRNA ex-
pression in untreated ceils could not be attributed to a
genetic defect.

Differential expression of hIL-10 in variant Namalwa
subclones

To assess whether there was a correlation between
hiL-10 expression and B cell differentiation we first an-
alyzed variant sublines of the Burkitt's lymphoma line
Namalwa. The four sublines used are all derived from
one original BL line but have diverged upon passage
and display the phenotype of B cells arrested at differ-
ent stages in B cell development (Guy et /., 1990). The
results (Fig. 4) show that the three less differentiated
sublines {CSN/70, IPN/45 and PNT) did not express

° °
z % -
P £ F §§
ﬂ a o X =
hiL-10 ﬂ

B-Actin ... ' L

Fi1G. 4. Expression of hIL-10 by Namalwa sublines. RNA was ex-
tracted from four Namalwa sublines (C3N/70, IPN/45, PNT, and
KN2) and Mutu gl as a control and subjected to Northern blotting.
The same blot was probed sequentially with hiL-10 and g-actin,

TABLE 2

CORRELATION OF hIL- 10 EXPRESSIGN WITH IMMUNOGLOBULIN EXPRESSION

A. Lymphoblastoid cell lines

Secreted
Cell tine hiL-10 mRNA  Ig isotype immunoglobulin®/ng ml™
NG/B35s + G 11136
KLOEK/B9S - G 9856
J5/B95 + G 661
MM/BAS + M 601
MT4/L + M 128
B. Burkitt's lymphoma cell lines
EBV hIL-10 ig Secreted

Cellline  status  mMRNA  isotype  immunogiobulin®ng mi™'
Akata + + G 277
BL41 - - M 39
Ramos - - M 22
Mutu gllf + + M 18
Eli + + M 1.1
Mutu gl + + vt 0.8
BiL.2 - + M 0.7
BL30 — + M 0.5
Raji + + M 0.2
Odhi + + WYl <01

? Cell lines placed in order of g secretion,

detectable amounts of hlL-10 mRNA, whereas the
most differentiated subline (KN23 did. Thus, the differ-
entiation/activation state of the B cell is associated
with the expression of hiL-10 in these lines.

Relationship between B cell differentiation and hiL-
10 expression in B cell lines

We next determined whether hiL-10 expression was
related to differentiation state in other B cell lines. Im-
munoglobulin {Ig) and CD38 antigen expression both
vary during B cell development and can be used to
analyze B cell differentiation (Nilsson and Kiein, 1982;
Bhan er &/, 1981; Tedder et af,, 1984). The levels of Ig
secretion increase with differentiation. In contrast, the
levels of CD38 antigen decrease from early B cells
which are high expressors to mature B cells (e.g.,
LCLs} which are low expressors and then levels are
again elevated on terminally differentiated plasma cells
(Tedder et al., 1884; Guy et a/l., 1990; Rochford et &/,
1993}). We therefore used a combination of |g isotype,
the level of Ig secretion and the level of CD38 antigen
expression to assess the relative differentiation state of
a selection of B cell lines and correlated this with hiL-
10 expression. Ig secretion was measured by a cap-
ture ELISA and the level of CD38 antigen expression by
FACS analysis. The results are shown in Tables 2 and
3 and are summarized diagrammatically in Fig. 5.
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TABLE 3

CORRELATION OF hlL-10 ExPRESSION WITH CD38 ANTIGEN EXPRESSION

CD3sg®
hIL-10
Cell line mMRNA MFL® % Positive
A. Lymphoblastoid cell lines
KLOEK/B35 - 29 19
15/B95 + 45 41
NG/B95 + 66 54
MT4/L + 94 81
B. Burkitt's lymphoma ceil lines
Rali + 135 99
ODH! + 135 29
RAMOS - 225 99
BL41 — 340 99

e \Values determined by FACS analysis relative to CD3 as a nega-
tive contrel.
2 Mean fluorescence on a linear scale at equivalent gain.

Table 2 shows that LCLs secreted over 100 ng/ml g,
whereas BL lines, with the exception of Akata, se-
creted less than 40 ng/mi. This was consistent with BL
lines representing an earlier stage of B cell differentia-
tion than LCLs {Nilsson and Klein, 1982). Although the
most differentiated L CLs secreted a significant amount
of lg, the levels were still much lower than those ex-
pected frorn plasmacytoid/plasma cells and thus these
lines are mature, activated B cells. The results of Ig
secretion were consistent with CD38 antigen expres-

INCREASING

sion {Table 3) which was high on BL lines and low on
.CLs.

On the basis of Ig secretion (Table 2A), the one LCL
which did not express detectable hlL-10 mRNA (Kloek/
B95) was well differentiated as compared with other
LCLs and on a par with NG/B85. The difference be-
tween the levels |g secretion from Kloek/B85 and NG/
B95 was within the limits of variation of the experiment
which was 10%. However, analysis of CD38 (Table 3A)
showed that both the number of positive cells and the
level of expression was less in Kloek/B35 than the
other LCLs. These results are consistent with Kloek/
B85 cells being more differentiated than the other
LCLs analyzed.

BL41 and Ramos, which did not express detectable
hiL-10, were relatively well differentiated on the basis
of Ig secretion compared with the majority of the other
BL lines (Table 2B). However, based on CD38 antigen
expression {Table 3B) these two lines were the least
differentiated of the cells tested. One pessible reason
for this discrepancy could be the presence of a small
proportion of cells secreting a targe amount of 1g: such
cells would not affect the CD38 antigen analysis. Our
results therefore suggest that a minar subpopulation of
BL41 and Ramos have undergone differentiation in vi-
tro; however, the majority of the cells are poorly differ-
entiated. Thus, like the Namaiwa sublines, the differ-
entiation state of other BL lines is associated with the
expression of hiL-10,

In conclusion, as is represented in Fig. 5, hlL-10 was
expressed by B cells within a discrete period of B cell

DIFFERENTIATION
CD38 ANTIGEN CD38 HIGH CD38 INTERMEDIATE CDI8 LOW
1g SECRETION g™ M 1gG 1gG
NEGATIVE/LOW MODERATE MODERATE HIGH
BL41 Mutu MM/BIS 18/B95 NG/B®S  KLOEK/B9S
Ramos Eli MT4L Akata
Namalwa CSN-T0 Odbi
Namalwa [PN-45 Raji
Namalwa PNT BL2

BL30

Namzlwa KN2

Fic. 5. Diagrammatic representaticn of the differentiation state of B cell lines and its relatienship to hiL-10 expression. The lines are grouped
according to the differentiation state represented starting with the least differentiated at the left and the most differentiated at the right. Above
this are shown the expression of hiL-10, reiative level of Ig secretion, and relative level of CD38 expression. hlL-10 expression is shown by a
shaded box and lack of expression by an open box. It should be noted that although the relative level of Ig secreted by NG/B95 and Kloek/B95 is
described as high, the amount of Ig secreted is relatively low as compared with a plasmacytoid/plasma cell and thus these lines are not

plasmacytoid.
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differentiation which was represented by most of the B
ceils tested. B cell lines which were either more or less
differentiated did not express detectable hIL-10
mRNA.

DISCUSSION

This work describes the expression of vIL-10 and
hiL-10 mRNA in human B cells which are associated
with EBV infection. The cell types analyzed were EBV-
transformed B cells {LCLs) and BL cells which were
either EBV-positive or EBV-negative. The Bl samples
included freshly isolated BL tumor biopsy specimens
and BL tines which were of a biopsy-like, group | pheno-
type and expressed type | EBV latency. We have also
studied the relationship between the expressicn of hiL-
10 and the stage of B cell differentiation disptayed by
cell lines. Our results showed that viL-10 mRNA was
detected only during productive EBY replication and
not during latency (either type ! or type lll). Neither of
the two BL tumor biopsy specimens expressed hiL-10,
including the EBV-positive biopsy Jude2. in contrast,
7/8 LCLs and 9/11 BL lines tested, including gl lines
expressed hll.-10. The expression of hiL-10 correlated
with differentiation state. Hence, hIL-10 was ex-
pressed by B cells within a discrete period of B cell
differentiation which was representad by most of the B
cells tested. B cell lines which were either mare or less
differentiated did not express detectable hil-10
mRNA.

Nerthern blotting was used to analyze IL-10 expres-
sion for several reasons. First, it afforded a rapid and
sensitive method af assessing expression not only in
cell ines but also in freshly isolated biopsy materiat.
Second, although it is not as sensitive as polymerase
chain reaction-based methods, Northern blotting is
semiguantitative and s net prone to the same false
negative and false positive problems. Finally, Northern
analysis obviates low signal or false negative problems
associated with ELISA assays which are caused by
autocrine or juxtacrine use of the secreted product or
sequestration by soluble receptor. ‘

The viL-10 gene had been shown to be expressed
only during the productive phase of EBV replication in
B95-8 cells which display type lll latency (Hudson er
al., 1985; Stewart and Rooney, 1892). The comparison
of mRNA from gl BL cells before and after induction
showed that the vIL-10 gene is regulated in a similar
manner in ¢ells which display type | latency. [t would be
predicted, therefore, that viL-10 is not involved during
latency in vivo but only during periods of viral replica-
tion and spread.

Expression of hiL-10 by LCLs and BL lines was re-
ported by other groups while this work was in progress
{\Vieira et a/,, 1921, Benjamin et af.,, 1992; Burdin et a/,,

1993). Our results canfirmed these data and extended
the observations to include BL biopsy samples as well
as BL lines which were of a defined gl phenotype and
are thus thought not to have difterentiated /n vitro {e.g.,
Akata, Mutu gl, Eli, and Odhi). The gl fines are thought
to represent BL lines growing in vivo. However, all the
gl lines expressed hlL-10, whereas neither BL biopsy
did. These results are in agreement with Emilie et af.,
{1993) who showed, although their probe did not
clearly differentiate between genes, that neither viL-10
nor hiL-10 were transcribed in non-AlDS-associated
BL biopsy specimens. This suggests that even gl lines,
upon outgrowth Jn vitre, may have undergone an acti-
vation or differentiation event which activated hl_-10
transcription. Since hIL-10 is a B cell growth factor
{Rousset et al, 1992), it is likely that cells expressing
hiL-10 would have a selective advantage for growth in
vitro. The numbers of BL biopsies studied was too
small to draw any general conclusions from; however,
our results do indicate that hlL-10 is not a requirement
for the development of all cases of BL in vivo, but may
be important for their outgrowth in vitro.

What factors influence the transcription of hlt-10 in
B cells? A number of EBV-positive cell types {Kloek/
B35, three Namalwa sublines and Jude?2 BL biopsy) did
not express detectable levels of hiL-10 mRNA and two
EBV-negative lines (BLZ and BL3Q0) were hiL-10 posi-
tive. Thus, hll.-10 expression was not dependent upon
the presence of EBV in the lines tested as had heen
suggested previously {Burdin er a/., 1993). In addition,
the comparigon of separate clones of Mutu BL did not
reveal any upregulation of hlL-10 expressicn in type 1l
latency as compared with type | latency. Thus, the reg-
ulation of this gene is unlike that of some B cell activa-
tion antigens, such as CD23, whose expression is spe-
cifically increased by EBV proteing (e.g., EBNA2 and
LMP) in type Il latency iWang et al., 1987, 1988, 1990,
Gregory et al., 1990). Further, the lack of detectable
hiL-10 expression by BL41, Ramos and Kloek/B95
could not be explained by deletion of the locus. The
expression of hiL-10 did, however, correlate with the
differentiation state of B cell lines. The least differen-
tiated lines (Namalwa CSN/70, IPN/45, PNT, BL41,
and Ramos) and the most differentiated line (Kloek/
B95) examined did not express hlL-10, whereas the
intermediate lines did. Our results are in agreement
with Burdin et a/., {1993}, who found that, in contrast to
the majority of mature B cell lines {e.g., BL and LCLsg),
garly B cell lines and terminally differentiated B cell
(plasmacytoid) lines did not express hiL-10. These ob-
servations, taken together with ours, suggest that hiL-
10 ts expressed during a discrete pericd in B cell differ-
entiation corresponding to mature and/or activated B
cells. The functionat significance of this observation is,
however, hard 1o assess and awaits the results of fur-
ther experiments, in particular with normal B cells.
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After initial infection and replication, EBV becomes
latent in B cells and becomes clinically apparent only in
tumors such as BL and lymphomas in immunosup-
pressed individuals. Both hil.-10 and vIL-10 have po-
tent effects on the survival, growth, and differentiation
of human B cells {Defrance et 4., 1992; Rousset et a.,
1992; Burdin et al., 1993). What infiuence do these
cytokines have on EBV persistence and pathogenesis?
The pattern of expression of vIL-10 suggests that it
might aid the dissemination of the virus in the lymphaoid
compartment after initial rephcation at the ocropharyn-
geal epithelium by enhancing the survival and growth
of infected B cells. Also, while vIL-10 may be involved
in virus replication and spread prior to BL tumeor initia-
tion it is not necessary for the continued growth of
tumor cells either in vivo or in vitro. Both our expression
data and that of Emille et a/. (1943) would suggest that
hIL-10, on the other hand, may be involved in the prolif-
eration of at least a proportion of EBV-associated tu-
mors and the outgrowth of both tumor cells and EBV-
transformed B cells i vitro. Both hiL-10 and viL-10
might therefore have important roles the EBV life cycle
and their continued study may provide valuabie insight
into the mechanisms of EBV persistence and tumori-
genesis.
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