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Summary. — To examine the importance of B cells in the regulation of the T cell response to herpes simplex
virus (HSV) infection, we have analyzed the selection of the T cell receptor (TCR) repertoire in C.B-17 mice that
lack B cells (B mice) compared with age-matched immunocompetent C.B-17 mice, usually resistant to herpes
simplex keratitis (HSK). TCR V3 transcripts used by these mice were analyzed by polymerase chain reaction (PCR)
with variable gene-specific primers. Clinical examination showed that the incidence of HSK was significantly
different between untreated (control) and anti-p antibody (Ab)-treated mice (p <0.0001). Passive transfer of anti-

HSV Ab into B-mice, before infection, prevented HSK; transfer of naive B cells allowed HSK to evolve in 50% of

these mice. At the level of gene expression, we demonstrated that the anti-jt Ab treatment altered TCR V[ gene
expression in eyes, spleen, thymus and lymph nodes (LN) of C.B-17 mice. Preferential utilization of a single TCR Tb
gene was not detected in the course of the disease except in LN, although in resistant mice there were different
patterns of mRNA induction inT cells expressing specific TCR Vb elements that were not seen in susceptible mice,
namely the lack of expression of VB8.1, VB8.2 and V8.3 in eyes, the expression of VB7 in spleen, and the lack
expression of V6 and V13 in thymus. These observations together with previous findings suggest that at the level
of protein production, anti-HSV Ab not only can provide protection against FISK but is also a critical component
for protection against HSV in normally resistant C.B17 mice, and that a dysregulation of the immmumne system in B-
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mice is manifested by dramatic changes in TCR V[ usage at the molecular level.
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Introduction

T cells recognize antigens (Ag) through TCR molecules
present on theT cell surface. In the TCR two clonotypic chains

‘Corresponding author.
Abbreviations: Ab = antibody; Ag = antigen; CTL = cytotoxic
lymphocytes; DTH = delayed type hypersensitivity; HSK = herpes

simplex virus; 1L-2 = interleukin-2; i.p. = intraperitoneal(ly);
LN = lymph nodes; MEM = Eagle’s Minimal Essential Medium;,
NK = natural killer; PCR = polymerase chain reaction; p.i. = post
infection; RT = reverse transcription; TCR = T cell receptor;
VB = variable [ chain

(0, Bory, 6) are specifically associated with they, 8, €, { and
1 components of the CD3 complex (Ashwell and Klausner,
1990). This TCR-CD3 complex responds to Ag producing
changes in gene expression leading to increased mRNA syn-
thesis (Ullman er al,, 1990). Genes for o, 8, yand § chains
are dispersed as separated DNA segments in the genome and
are brought together by somatic recombination to generate
the diversity required to recognize the large number of anti-
gens present in nature (Kronenberg ef o/, 1986). The struc-
tural and functional relationship of the TCR to T cells has
been studied, and limited or preferential TCR VJ usage re-
sponding to certain antigens has been reported (Choi ef al.,
1989; Tomai et al, 1991; Bell er al., 1993).
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Our laboratory has studied a murine model of H5K in
order to understand the immune mechanisims and genetic
pattern involved in this pathology (Foster et al, 1987). Igh-1
disparate BALB/c congenic mice show striking differences
in HS K \thU}Ilhlﬂ ity COAL-20 (Tgh- 19 n
ble and CB-17 (fgh-1") mice are extremely resistant o de-
strugtive Mmmlm hy after corneal infection with FISV. The

ability of CD4 T cells to induce necrotizing stromal kerati
tis in muce has been subsequently confirmed i several stud-
ies. For example, CD4 T cells mducing HSK
v BAL H/@ mice (Doymaz and Rouse, W‘ML HOreove
transfer of ¢ither CD3 or CDAT cells solated from the
spleen of C.AL-20 mice immumnized with HSV-1 results in
the development of severe HSK 1 athymic m/ni
mice (Akova ef al., ‘)‘)’») l rthe
of HSK-susceptible C AL
VRS CDA T ;w]‘tfy
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nee are mainly ifihrated by
that are not scon i the corneas of resis-
tant C. 13- f 7 mice, as assessed by tmmunehistole
ods (Heiligenbaus ef af, 1994). Hmw amd various other
studies clearly implicate a role for T cells m HS
nopathology, yvet curiously westment of CH-17 I"Cﬁi?ﬁtétm
n“kiw with anti-p Ab from bi } vakes them fully
ble to HSK (Foster ¢f «f, 1990
(m"uﬂ these findings, uu«ur“gﬁm in the R resent work was to
nalyze TOR V[ usage in B mice, to see il 13 cell Ab por
turbations from Mn‘th might alter the ”JHL‘R \/“ﬂ% repertoire
responding to corneal infection with HSV i ordinartly FISK.
resistant mice,

Sinee amunoglobulin has been previously shown 1o mfluy-
ence TCR repertoires responding to ¢ertain /'»,,g&»,‘ we E‘l\r‘;m the-
sized that B cells and Ab pl‘w an wmportant role i shaping the
TCR repertoir mpmmi nto HSV To
investigated tlm ‘ ﬁ Wx fromn
spleen mwlthymm) ()f different groups of mice
study, before and after umw;xi moculation wi

The levels of T cell activatio

SUSCeRt-
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(w mea, LN,
snvioved i this
ith SV

such as terleu-

b Orzans

nomarkers

in-2 (11.-2) genc (g‘)lwm«\)lugfmrmlB}; active only M‘E cells that
have been stimulated trough the TCI ) ‘*xm th, 1984 ) were
also analyzed in some samples of uninfected o i fected
mice. This was done because we used Mwln I eel w[mm«-

tions from all the o
T cell
stander cells g‘)r‘wwa‘)l in the splee

rgans studied without first ge
clones: this could resuttin analyzing TCRs
vand/or LN bu

nerating
from by-
ot divect-

ly ivolved in HSK pathogenesis, Despiie this Timitation,
our results demonstrate a m\\«[cmm tnd, although not exelu-
sive, use of severnd Vs in response to HEV infection.

The results of these studies sugpest that the mlﬁ‘;m‘di
rary HSIK susceptibility of B cell-modulated COB-17 mice
s due toa disturbance of B3 cell - T cell ineractions rather
than to an absence of B cells exclusively, a
dence that B cells play an impor
tory role in shaping the TCR \/U
response to HSV corneal infection,
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CPertomre expression in
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Materials and Methods

Mice. Adub (6-8-week-old) C.B-17 mice (Igh-1") were pur-
¢ hie Jackson Laboratory (Bar Harbor, ME, USA},
CH-17 offspring from parental breeding pairs were raised i ow
m I tes in tI ¢ Massachusetts Lye and Ear }nt"irr‘ﬂz‘ny Groups of
htter mates (e, age-matched) were divided into four experimen-

tal groups of 6 mice cach, one untreated (cont mf)pmm group /’x}
1 /m treated groups (groups B,C and D). All ani-
mals were handled aecording to animal care ;rmd@]mm from the
utes of Health, Bethesda, MDD, USA, and the ARVO
use of animals research,
KOS strain was prown in

lmmi f“w‘m T

and three ami-
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resatution on the
Fires, HSW-1

ATCC, Rockvitle,

stock wa

Vero cells (CCL 81
MD, USA) Priorto expenimental use the virus
1 standard plague as
viously reported (Foster of @l 1987),
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rabbit ant-HSV Ab in 0.5 ml
A). The third group of B mice
rematned without transfer as a control group y for
Mice were

Ivetonal
(Dake Corp., Carpinteria, CALUS
B mice,
nesthetized and the corneal
surface was scratched with & 22-gauge needle and then inoculated
with 2.5 = 107 H"M POl SV i § mlof Bagle’s Min
Mednam (MEMY. This dose of the virus was predetermined to be
upt;rs‘m[ ferr mudmm rHS K i suseeptible C AL-20 mice as previ-

wsly reported (Akova or al, 1993) Only one eyve per mouse was
r)fu‘h‘ d while alateral eye served as the control. Lach
group of mice was housed separately,

Corneal challenge

imal Essential

the contr

Allammals were eval-
until they

Clinical searing and statistical analvsis,
wated maskoed for uRmtsf;xE signs of discase every day,
P A operating microscope was used
tordetermine the severty of keratitis, Clinteal seoves from O to &
were assigned based on the size mf thu affected area, and the nei-
dence of TESK was analyzed by Prcher's exact test as deseribed
carlier (Akova eral, 1993, Jayaraman of ol 1993), The expen-
ment was repeated, startimg afresh with new mice; the results were
wdentical and therefore the
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according to the modified method of Chomezynsky and Sacchi
(1987). RNA was assayed spectrophotoretrically at 260 nm, and
its structural integrity and purity was assessed by formaldehyde
RNA gel electrophoresis. cDNA was synthesized from oligo(dT)-
primed RNA by reverse transcription (RT). ¢cDNA was diluted 1:10
and used as a template for PCR amplification. A standard curve
was generated for each ¢DNA sample using f-actin primers in
order to demonstrate that all samples were reversely transcribed
and amplified by PCR at similar efficiencies.

Oligonucleotide primers and PCR amplification. To analyze
the TCR VB usage, we synthesized 19 different VB-specific oli-
gonucleotides for use as 5'-sense primers for PCR and a primer
specific for the constant region of TCR B chain (CB) for use as
a 3'-antisense primer. The oligonucleotide primer sequence for
VP1-19 were described previously (Arrunategui-Correa er al.,
1993).

PCR was performed as previously described (Arrunaregui-
Correa ef al., 1995). A 20 ul sample of ¢cDNA was amplified us-
ing 25 prmol/l both the VB- and CR-specific primers and 1.0 U of
Taq DNA polymerase was added. The mixture was amplified in
a Perkin Elmer Thermal Cycler model 9600 (Perkin Elmer Cetus,
Norwalk, CT, USA) with the following profile:30 cycles of 45 secs
at 94°C, 1 min at 55°C, and 2 mins at 72°C. A final extension for
7 mins was performed at 72°C.

The amplified products were separated on 1.5% agarose gels.
In order to improve the sensitivity of fragment detection and ex-
amine the specificity of PCR products, Southern blot analysis was
performed by blotting to nylon membranes (Boehringer). Hybrid-
ization, using digoxigenin-labelled CP probes and a detection sys-
tem (Bochringer), was performed as described (Pedroza-Seres ef
al., 1995). We present the data as positive or negative based on the
presence or absence of a signal following Southern blot analysis.
The entive experiment was repeated on additional (separate) mice,
beginning with HSV corneal inoculation through mRNA extrac-
tion, RI-PCR and Southern blotting; the results of this replicate
experiment confirmed the results of the first one, from which the
data are shown. The results of VP usage induced by HSV coerneal
infection and the modulation of same by anti-p Ab therapy were
precisely reproducible.

Results
Keratopathy

To assess more directly the importance of B cells in HSV
infection, we modulated HSK-resistant C.B-17 mice with the
anti-pp Ab treatment. As shown in Table 1, the incidence of
HSK was significantly different between untreated (group A)
and anti-p Ab-treated C.B-17 mice (group B) (p=< 0.0001).
By day 21 post corneal inoculation all anti-p Ab-treated mice
had developed a severe (47} stromal infiltrate accompanied
by corneal ulceration and perforation. In contrast, only 2 of
12 mice in the untreated group developed HSK. In an at-
tempt to determine the mechanisms by which B cells influ-
ence the resistance, we reconstituted one group of B mice

with naive B cells (group C), and another group was given
anti-HSV Ab (group D) 24 hrs before corneal HSV infec-
tion, Six of the twelve mice belonging to group C developed
HSK, in contrast to only 2/12 of group ID.

TCR VB expression in cornea

We first analyzed the corneas of the different groups of
mice in order to investigate the TCR V[} gene expression at
the local site of inflammation (Table 2, Fig. 1). We found
that the anti-u Ab treatment depleted VB1, VB5.1,VB6, VB9,
VP10, VB13, VB1S, and VP18 TCR expression and acti-
vated V[38.3- and VB 16-expressing TCRs in uninfected mice.
These results confirm once more the shaping of the TCR V[J3
repertoire due to B cell depletion caused by the anti-yu Ab
treatment.

HSV inhibited expression of V8.1 and V(8.2 and acti-
vated expression of VB11,VB12,VB14, VB16, and VB19 in
HSV-infected C.B-17 mice (Fig. 1A). VB&.1, VBS8.2, and
VB8.3 mRNAs were present only in susceptible but not in
resistant mice (Fig. 1B). In marked contrast, however, HSV
activated VB5.1, VB6, VB9, VB12-VB15, VBIS and VB19
mRNAs in B mice. No appreciable expression of Vs was
noted in B- Ab-transferred mice, except for VB7, VB11, and
V{17 genes. Analysis of B' B cell-transferred mice revealed
that HSV activated VB1, VP6, VB9-VB15,VBI1S, and V19
expression.

TCR VB gene expression in LN

As shown in Table 3, LN of uninfected C.B-17 mice ac-
tively expressed mRNA from the majority of the TCR V3
gene families. However, after B cell modulation, several V3
gene families, namely VB1, V5.1, V6, VB9-VB15, and
VB17-VR19, failed to be expressed.

The HSV infection did not change the overall pattern of
TCR VB expression in LN of CV.B-17 mice at day 21 after
corneal challenge, except for a pronounced decrease of
VP17 and VBIR (Table 3). We reasoned that if the patho-

Table 1. Comparison of HSK incidence in untreated and anti-p Ab-
treated (B) mice after inoculation of HSV in cornea

Groups HSK incidence

Untreated

Group A: C.B-17 mice 2/12
Anti-yt Ab-treated

Group B: B mice 12/12
Group C: BB cell-transferred mice? 6/12
Group D: B Ab-transferred mice® 2/12

‘Each mice received 15 - 25 x 10°B cells.
"Each mice received 0.5 pg of commercial anti-HSV Ab.
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B cell stage, affecting TCR VP gene expression and there-
fore blocking thymocyte development (Palmeret al., 1993).
On the basis of these observations, some T lymphocytes
hecome mnumml]y incompetent,
Ta cther, available evidence suggests that B cells
and their products, anti-HSV Abs, not only can provide pro-
tection against destructive | mmmn ation of the cornea after
HSV-1 inoculation, but also are cri protection against
HSK in normally resistant CHB-17 mice because of their
effects on TCR repertoire shaping, a TCR repertoire differ-
ent f‘n'm‘n that of HSK-susceptible mice. The B cell-maodi-
fied CB-17 mouse enhanced susceptibility to HSK reflects
preferential usage ¢ of VI TCR genes, with a loss of some
FCR V[ expressing protective T cells and (perhaps) a delay
of anti-herpes Ab synthesis.
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