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REGULATION OF T15 IDIOTYPE DOMINANCE

l. Mice Expressing the xid Immune Defect Provide Normal Help to T15* B Cell Precursors’

JAMES J. KENNY,? LINDA S. WICKER,® GRETCHEN GUELDE, anD IRWIN SCHER

From the Departments of Microbiclogy and Medicine, Uniformed Services University of the Health Sciences, and Naval Medical Research
Institute, Bethesda, MD

The immune response to phosphocholine (PC) in many
strains of mice is dominated by the T15 idiotype family
of anti-PC antibodies. By introducing the CBA/N X-linked
immune defect ( xid gene) into these mice, one profoundly
alters their ability to make a T15-predominant, IgM anti-
PC response. This loss of T15 dcminance in mice ex-
pressing the xid gene is not due to the presence of
suppressor T cells or the lack of T'5 idiotype-specific
helper cells in these mice. Thus, one can reconstitute a
T15 idiotype-dominant response in ‘mmune defective
mice with B cells from normal mice, and in adoptive
transfer assays the primed T helper cells from immune-
defactive mice provide qualitatively the same help to
normal B cells as the T helper cells from normal mice.
T156 idiotype dominance appears to be controlied by the
expression and activation of Lyb-5* PC-specific B cells.
Thus, the majority of T15* B cell precursors are restricted
to this B cell subset, whereas the Lyb-5- B cell subset
contains predominantly T15-, anti-PC B cell precursors,
which produce mainly IgG antibodies after activation by
PC-containing antigens.

Previous studies of the immune response to phosphocholine
(PC)* in BALB/c mice demonstrated that this response is
dominated by the T15 idiotype family of anti-PC antibodies
1-6), whereas C57BL/6 mice produce approximately equal
amounts of anti-PC antibody from the T15, M511, and M603
idiotype families (7). Using the splenic focus assay to analyze
the frequency of anti-PC-specific B cell precursors in these
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mice, Gearhart, Cancro, and their collaborators (6, 8, 9) found
that BALB/c mice have 75% T15* B cell precursors, whereas
C57BL/6 mice have less than 40% T15~ B cell precursors.
These data suggested that a T15-predominant response might
simply reflect the relative frequency of T15* precursors in a
given mouse strain. However, othar studies have suggested
that regulatory genes as well as regulatory T cells influence
the expression of both T15* and T15~ clones (7, 9-14).
Bottomly and her co-workers (10-14) have suggested that T15
idiotype predominance in an anti-PC respconse is controlled by
the action of a T15 idiotype-specitic helper T celi. It this helper
T cell is missing, BALB/c B cells no longer produce a T15-

predominant anti-PC response. Thase investigators found that .

mice with low lavels of T15 idiotype in their serum lacked T15-
specific T helpar cells. The best example of a low T15* mouse
is the immune-defective CBA/N strain or F; male progeny of
CBA/N females and normal males. The F, male progany from
such a cross express the X-linked immune B cell defect (xid
gene) (reviewed in References 15 and 16), whereas the het-
erozygous F, female progeny are phenotypically normal. The
expression of the recessive xid gene causas a profound alter-
ation in the ability to make normal anti-PC responses (17-23).
Thus, when immune-defective mice are immunized with thy-
mus-dependent (TD) PC antigens, they 1) fail to produce IgM
anti-PC antibodies in situ, 2) produce littl2 or no anti-PC anti-
body bearing the T15 idiotype, and 3) produce significant
amounts of I1gG anti-PC antibody only after secondary immu-
nization (21, 22). More recent studies from our laboratory (24)
indicate that this xid-induced alteration in the anti-PC response
is due to the loss of the Lyb-5* B cell subset. It appears that
the T15*, IgM PC precursors are restricted to the Lyb-5* B
cell subset, and that Lyb-5- B cells, in both normat and im-
mune-defective mice, produce mainly T15~, 19G anti-PC anti-
bodies. We have therefore proposed that divergent repertoires
for PC exist in the Lyb-5* and Lyb-5" subsets of B cells.
However, because immune-defective mice produce IgM anti-
bodies to other TD antigens (15, 16) and 30 to 40% of these
mice make low levels of T15* antibody after secondary im-
munization, our findings could be explained by the lack of a
T15-specific helper cell or the presence of a T15-specific
suppressor cell in immune-defective mice. We have therefore
attempted to repeat the experimants performed by Bottomly
and her co-workers (10, 11, 14) to determine whather immune-
defective mice do indeed lack the T cells nz2cessary to prefer-
entially activate T157, igM, PC-specific precursors. The results
presented in this publication indicate that immune-defective
mice provide qualitatively the same T cell help as normal mice
to T15° B cell precursors. Our results are consistent with the
findings of Quintans et al. (18, 25, 26) indicating that no
apparent T15-specific suppression exists in immune-defective
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mice and that normat helper T cell activity for T15° B cells is
present in xid mice (25).

MATERIALS AND METHODS

Animals and antigens. (CBA/N X BALB/c)F. (CB)and (CBA/N X DBA/
2)F, (CD) mice were oblained from Dominion Laboratories, Dublin, VA.
Keyhole limpet hemocyanin (KLH) and bovine serum albumin (BSA) were
oblained from Calbiochem-Behring, La Joila, CA. and Limulus polyphemus
themocyanin (Hy) was obtained from Worthingtor: Biochemical Corp., Free-
hold, NJ. Each of these proteins was conjugated with PC using p-diazo-
phenylphosphocholine (DPPC) according to the method of Chesebro and
Metzger (27). Mice were immunized i.p. with 100 ug of PC-Hy or 200 g of
KLH in complete Freur.d's adjuvart (CFA) and uszd in secondary adoptive
transfer experiments 6 to 8 wk atier priming. KLH and PC-Hy were used for
priming T helper calis and PC-specific B cells because they are both potent
immunogens in the mouse and do not cross-react at the T helper cell level
as tested in the splenic fragment zssay (E. S. Me'calf, unpublished obser-
vation).

Preparation of spleen cells for adoptive trans’er. PC-Hy-primed spleen
cells were treated with monoclonal anti-Thy-1.2 {generously provided by
Dr. Phil Lake) and rabbit complemernt (C). B cell preparations contained less
than 5% Thy-1.2* cells as determined by analysis on the fluorescence-
activated cell sorter (FACS) usin3 biotin-conjugzted anti-Thy-1.2 and fluo-
rescein-labeled avidin (generously provided by Dr. Steven Kessler). KLH-
primed T helper cells were oblained either by degnetion of ig* cells on rabbit
anti-mouse F{ab’)-coated petri dishes as described by Mage et al. (28) or
by passage over nylon columns &s described by Julius et al. (29). T cell
preparations contained less than 5% Ig* and/or 12* cells.

Adoptive transfers. PC-Hy-primed B cells and KLH-primed T cells from
either mzle or femnale mice were injected i.v. into irradiated (300 R) CB or
CD female recipients. Mice were immunized i.p. with 50 ug of PC-KLH in
saline or i.v. with 25 ug PC-KLH, which was mixed with the T and B cell
preparations before injection. Seven or 8 days a%er cell trensfer, mice were
bled and/or their spleen cells were assayed for I3M anti-PC PFC.

Analysis of serum anli-PC antibodies. The inhibition radicimmunoassay
(RIA) used for detection of the T15 and V. PC* idiotypes &nd the direct
binding RIA used to detect IgM and 1gG anti-PC antibodies have been
previously described (21, 30).

PFC analysis. IgM enti-PC PFC were determinzd by the Cunningham and
Szenberg stide method (31) using sheep red cells coupled with DPPC
according to Clafiin et al. (5). The percentage of Ti15* PFC was determined
by Incorporating affinity-purified rzbbit anti-T15 into the plaquing mixture at
a final concentration of 1:1000. The preparation nd testing of this anti-T15
idiotype-specific reagent was previously described (21).

RESULTS

Reconstitution of the T15-idiotype response in immune-de-
fective male mice. Immune defective mzale mice make little or
no anti-PC antibody until 14 to 21 days after antigenic chal-
lenge, and the antibody produced at this time is primarily 1gG
and T15~ (21; and Kenny et al., manuscript submitted for
publication). This response pattern could be due to the exist-
ence of a suppressor T ce!l that is specific for T15 in these
mice, or may simply reflect the normal response kinetics of
Lyb-5~ PC-precursor B cells. To test for in situ suppressor T
cells, anti-Thy-1.2 + C-treated spleen cells obtained from
unprimed normal female or defective male mice were trans-
ferred into nonirradiated immune-defective CD male mice.
These B cell recipients were immunized i.p. with 200 pg of PC-
KLH in CFA, and their anti-PC responses were compared with
the responses in both normzl females and immune-defective
males receiving only PC-KLH (Tzables I and Il). The results in
Table ! show that mele mice reconstituted with various numbers
of female B cells produced predominantly T15* igM PFC at
every cell dose tested. Linear regression analysis of the PFC
response showed that this response was directly proportional
to the number of B cells transferred (r* = 0.999) and that the
response plateaued in mice that received 20 x 10® female B
cells.

To ascertain that the splenic PFC response reflected the
profile of the total anti-PC response, we obtained serum from
another group of recipients reconstituted with 25 X 108 female
or male B cells (Table ll). These sera were anzlyzed for the

TABLE

Reconstitution of the Ight ant-PC PFC response in nonrradiated immune-
dslective male mice

Number of B Ceils

Geoup :espond- Transferred PFC/Splcen® % T15° ¢
5 (x 10'F

18 40 15,105 (1.25) 94 + 2
243 20 15,215 (1.29) 96 ¢ 1
34 S 4913 (1.21) 84 ¢+ 2
43 1 1,025 (1.12) 86 x5
58 0.5 651 (1.21) 80+ 4
64 — <5007 NTS
79 — 34,949 (1.23) 97 + 1

* Spleen cells from normal CD fernzle mice were treated with two rounds of
anti-Thy-1.2 plus rabbit C to ¢cbtain a B cell-enriched cell preparation.

S Atter reconstitution, mice were immunized with 200 ug of PC-KLH in CFA.
Spleen cells were assayed 7 cays aftcr cell transfer, Data are presented as the
geomelric mean (standard error of the mean) of five individual mice. A tinear
regression anzlysis was performed on the data from groups 2 through 5. The
coefticient of determination (), which indicates the quality of fit achieved by the
regression, was 0.913 in a linear-log p!ct and 0.999 in a lag-log plot.

€ The percentage of T15° PFC was determined by incorporating affinity-
purified rabbit anti-T 15 antibodies into the plaquing mixture at a final concentra-
tion of 1:1000. Data are presented as the arithmetic mean (+ standard error of
the mean) of five individual mice.

“ Three of the five contrcl immune defective males gave no PFC, and two
animals produced 257 and €23 PFC, respectively. These PFC were not tested
(N.T.) to determine the percentage of T15°,

TAELE It
Reconstitution of the T15 idiolype response in nonirradiated immune-defective
male mice
Gvoup_Re- B Calls 49 Anti-PC Antibody/ml of Serum®
sponding”  Transtewred®  yygiucnca  VPCidiotype  IgM WG
14 4 150 232 90 97
24 4 5 39 <5 36
33 - 12 30 <5 53
49 — 647 702 723 >1500

® CD male mice {goups 1 and 2) were injected with 25 X 10° 8 cells from
either normal CD females ¢r immunre-delective CD males. Groups 3 and 4
represent control groups that cid nol receive additional B cells.

® B cell preparatizn and immuhiza‘icn were described in Table 1. Mice were
bled 14 days alter immunizaticn.

€ T15 and V,,PC idiotype-zosilive éntibodies were evaluated as described in
Reference 21. 1g* and 1gG anti-PC antibodies were assayed as described in
Reference 30.

presence of IgM and IgG anti-PC antibodies and for antibodies
bearing theT15 and V,PC idiotypes. The results in Table i
show that B cells derived from normal female donors reconsti-
tuted a T15 dominant response in the defective male recipients,
whereas additional maie B cells had no effect on the quality or
quantity of the anti-PC antibody produced. Together, the re-
sults in Tables | and Il indicate that immune-defective mice do
not possess a natural T15-specific suppressor, and that they
possess the T helper cells necessary to give a T15-dominant
1gM response. The fact that reconstituted males gave a twofold
to fourfold lower PFC response and a sevenfold to 15-fold
tower serum antibody response than normal females was prob-
ably due to the efficiency with which the donor B celis home to
the lymphoid tissue; however, one cannot rule out the possi-
bility that the male T cell is deficient in some helper function.
Although the data in Tables | and !l indicate that adequate
primary T help is developed in immune-defective mice, Bot-
tomly and her collaborators (10, 11) have suggested that male
mice fail to develop primed T15-specific helper cells. We
therefore performed adoptive transfer experiments using KLH-
primed T-helper cells and PC-Hy-primed B cells from normal
female and immune-defective male mice to determine whether
a qualitative or quantitative difference in the secondary helper
function of male and female T cells could be observed.

T helper cel!'s from immune-defective and normal mice pro-
vide equivalent help. CB female mice were irradiated (900 R)
and reconstituted with KLH-primed T helper cells and/or PC-
primed B cells as shown in Table lil. Reconstituted mice were
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immunized i.p. with 50 ug of PC-KLH in saline and bled 7 days
later. Serum from these mice was then analyzed for the pres-
ence of IgM and IgG anti-PC antibodies and for antibodies
bearing the T15 and V,,PC idiotypes. As seen in Table i,
immune-defective male and normal female T helper cells pro-
vide equivalent amounts of help to both male and female B
cells. Male T cells did not alter either the quality or the quantity
of the serum anti-PC response produced by female B cells.
These data show that the source of the B cell controlled both
the idiotype and the isotype of the anti-PC antibodies produced.
Thus, when mice were reconstituted with PC-primed B cells
from normal female donors, the ViPC* anti-PC response was
comprised of approximately 50% T15* and 50% T15~ anti-
bodies, and both IgM and IgG antibodies were produced
(groups 1 and 2). On the other hand, when mice were recon-
stituted with male-derived, PC-primed B cells, T157, 1gG anti-
bodies were produced (groups 3 and 4).

The data in Table ll also indicate that immune-defective mice
provide T cell help that is equivatent to normal mice at the cell
numbers used in this experiment. However, because we trans-
ferred four times as many B cells and five times as many T
cells as Bottomly and Mosier (11), we performed several ex-
periments to see if more limiting numbers of T and B cells
would alter the idiotype profile of the responding B cells.
Irradiated CB female mice were reconstituted with 15 X 10®
PC-primed female B cells and four ditferent concentrations of
KLH-primed T cells from either male or female donors. Seven
days after immunization with PC-KLH, serum from these mice
was obtained and analyzed for the T15 and V.PC idiotypes.
Male and female T cells provided equivalent help for female B
cells at all doses tested (Table V).

The data in Tables Ill and IV indicate there is no difference in
the serum anti-PC response obtainad with T-hz!per cells from
normal or immune-defective mice. However, the serum re-
sponse is composed of both IgM and IgG anti-PC antibodies,
and these antibodies may be produced in lymphoid tissues
other than the spleen. We therefore carried out a series of
experiments in which the idiotype profile of the direct PFC from
the spleens of reconstituted recipients was analyzed. These
experiments allowed us to compare our results directly to those
of other investigators.

CB female mice were reconstituted with either 5 X 10® or 20
X 10® PC-primed female B cells and 2 X 10°or 10 X 10° T
helper cells from KLH-primed immune-defective males or nor-
mal females. The lower dose of T and B cells was equivalent to
the cell numbers transferred by Bottomly and Mosier (11),

TABLE 1
Serum anli-PC response in irradiated C8 female recipients reconstituted with
CB male and female lymphocytes

$Q Anti-PC Antibody.'m Serum®

Group B Cell T Cell. 2

Source® Source! T15 Kiotype* V:lt’ycp:;h- IgM: 196G°
1 ? ? 2N 491 165 480
2 ? é 486 641 280 730
3 é 9 <10 84 <10 210
4 1 ] <10 69 <10 330
5 —_ ? <10 36 NT? N.T.
6 —_ -1 <10 43 N.T. N.T.
7 ? — <10 35 N.T. N.T.
8 é — <i0 24 N.T. NT.
] — — <10 11 N.T. N.T.

“ CB temale mice were krradiated with 900 rad and reconstiluled with 20 X
10® PC-Hy-primed B cclls and/or 10 X 10° KLH-primed T cells prepared as
described in Malerials and Methods. After reconstitution, recipiants were immu-
nized i p. with 50 g of PC-KLH in satine,

® Serurn was obtained 7 days after reccnstitution and immunization.

¢ See legend of Table Il

?N.T. = not tested.

TABLE vV

Serum anti-PC response i~ irrad.ated CD female recipients reconstituted with
bhm-124 numbers of T helper cells

T-Hs zze Colist 20 Anti-PC Ar* tarty/ml Serum®
rou )
Growe Eah Source TS Mioype  V.PC 13otype

1 145 ¢ 197 382

2 48 e 102 205

3 1.2 ¢ 18 €5

4 0.4 ¢ 1 43

5 145 g 214 380

6 48 ¢ 73 . 153

7 1.2 4 15 ~ 35

8 0.4 ) 11" 28

® KLH-primsd T Felper calls and PC-Hy-primed B cells wers prepared as
described in Marerials ane Matheds. liradiated (900 R) CD female mice weare
reconstituted with 15 x 1C* PC-primed B cells and T cells as indicated above.
Atier reconstitution, mice war2 immunized i p. with 50 ug of PC-KLH in saline.

® Serum was Soiained 7 22ys alter immunization, and the RIA were performed
as Indicated in Tati2 il

whereas the hizher ceit numbers were equivalent to the exper-
iment shown in Table lll above. The data in Table V show that
at the high cell dose, the idiotype profile of the anti-PC response
was identiczl with mz'2 and female T helper cells. However, at
the lower czli dose, mzale T cells seemed to activate more T15~
precursors than the female T cells, even though both responses
were still precominanily T15" (groups 3 and 4). The fact that
male T celis prov’ ad quantitatively less help to the IgM-PFC
precursors at both czif doses and activated significantly more
T15~ precursors at the lower T cell dose suggasted that by
further limiting the T cell help we might shift the predominan.ly
T15" response to a predominantly T15™ response. Even at th»
low cell dosz used in Table V we obtained a fourfold higher
PFC response than that obtained by Bottomly and co-workers
(10, 11, 14); this suzgested that our cell preparations were
more active on a per cell basis. Thercfore, in zn attempt to
duplicate Botionly and Mosier’s findings (11), we 1) prepared
the KLH-prim=2 T cel's on nylon wool columns rather than by
the usual panning prozedure, 2) transferred very limiting num-
bers of T haiper cells, and 3) immunized i.v, with 25 ug of PC-
KLH rather than i.p. with 50 pg. Eight days after cell transfer
and PC-KLH immunizztion, idiotypa analysis of the splenic PFC
was performsad. The results in Table VI show that with this very
limiting T ceil help, we obtained total IgM PFC responses
equivalent to those chiained by Bottomly and Mosier (11);

_however, a non-T15-predominant response was observed only

when no T cell help was provided (groups 6 and 7). T helper
cells from immune-defzctive and normal mice produced equiv-
alent T15-dominant responses with 1 X 10%and 0.5 X 105 T
cells, but the male T cells failed to provide significant help at
the 0.1 X 10° cell dose.

DISCUSSION

The data presented in this publication show that 1) mice that
express the xid immuna defect can make a T15 idiotype-
predominant, anti-PC antibody response when provided with
normal femzaie B celis; 2) the T helper cells from normal female
mice do not alter the idiotype response of defective male B
cells; thus, tha adoptive transfer anti-PC responses of male B
cells remain 153G and T15™ even when activated by primed
female helpar T cells; and 3) the primed helper T cells from
immune-defactive mzle mice provide qualitatively the same
help to female B cel's as primed female T helper cells. Thase
data confirm the findings of Quintans et al. (18, 25, 26) that
immune-detective mize do not possess a T15-specific sup-
pressor cell and that they provide normal help to T15* B celis.
These data indicate that T15-idiotyn2 predominance in an anti-
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PC response is controlled by the phenotype of the B cell. Our
uata fail to support the findings of Bottomly and her collabo-
rators (10, 11) that mice expressing the xid gene lack T15-
specific helper cells. Even under conditions of limiting T celi
help, we did not observe low levels of T15* antibody procuction
when female B cells were activated by KLH-primed male T
cells. In our hands, normal female B cells produce predomi-
nantly T15%, IgM PFC (Table V) when activated with optimum
numbers of either male or female T helper cells. On the other
hand, both male and female B cells produce IgG anti-PC
antibodies that are predominantly T15~. These IgG, T156~
antibodics appear to be produced mainly by Lyb-5" B cells,
and they exhibit the same idiotype profile after activation of the
Lyb-5- B cells by either male or female T cells (24).

How might one explain the difference between our finding
that both male and female T helper cells give T15-predominant
help to IgM PC-precursor B cells and Bottomly and Mosier's
(11) finding that only normal female T cells can provide T15-
predominant help? Assuming that technical problems and dif-
ferences in reagants are not the basis of the observed differ-
ences, we would like to propose a hypothesis which might
explain the results obtained by Bottomly and her collaborators
(10-14). This hypothesis is based on alternate activation path-
ways for the two B cell subsets expressed in mice rather than
preferential idiotype selection by different helper T cell subsets.

Recent studies in our laboratory (21, 24) indicate that T157-
1gM antibodies are produced by Lyb-5* B cells, whereas Lyb-
5~ B cells from immune-defective mice produce mainly lgG-
T15~ anti-PC antibodies. Nevertheless, Lyb-5~ B celis can
produce IgM T15~ PFC in secondary adoptive transfer assays
when optimum T cell help is provided. For example, greater
than 60% of the PC-specific, Lyb-5~ precursors from PC-KLH

TABLE V

IgM &nti-PC PFC response in irradiated CB female mice reconstituted with CB
male and female lymphocylss

Cell Source & Number Trans-
ferred (X 10°9°

PFC/Suleen®

Group {x 10°%) % T15*
8 Cells T Cells

1 ? 20 ? 10 720(1.14) 90 £ 2.7

2 ? 20 é 10 456 (1.04) 90 = 2.1

3 ? 5 ? 2 66 (1.03) 90+ 1.2

4 ¢ 5 d 2 47 (1.20) 82+ 37

® PC-Hy-primed CB female B cells and KLH-primed T cells from CB male and
female mice were prepared as described in Materia's and Methods.

° Data are presented as the geometric mean (standard errcr of the mean) of
five individual mice. Assays were performed 7 days ater reconstilution and i.p.
immunization with 50 zg of PC-KLH in saline. B and T cells transferred irdividually
{data not shown) gave less than 5% of the experimental values.

€ As indicated in Table 1.

? Student's t-test was performed by comparing the arithmetic means of the
enti-T15 inhibition data. Group 4 was significantly ditferent from the cther three
groups (P < 0.02).

TABLE Vi

IgM arti-PC PFC response in irradiated CB female mice reconstituted with
limiting numbers of T helper cells

T Cell Source*

Group (X 10-9 PFC/Spleen® % T15°* ¢
1 10 ¢ 15,201 (1.20) 69+6
2 10 ¢ 13,237 (1.20) n=x2
3 0s ¢ 8,021 (1.33) 76+ 4
4 05 ¢ 7.216(1.27) 805
5 [ IS 6,202 (1.30) 27
6 o1 4 1,767 (1.39) AT £ 12
7 —_— - 1,425 (1.35) 54 £ 12

* The KLH-primed T celis for this experiment were purified on rylon wool
columns as described by Julius et al (29). These KLH-primed, nylon wool-
puritied T cells were transferred along with 5 x 10° PC-primed B cells into
irradrated (650 rad) CB female reciplents. Twenty-five micrograms of PC-KLH
were mized with the ceils before Lv. iniection.

%< psindicated in Table L,
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immune CD females produce T157-IgM anti-PC antibodies
(Metcal!f and Kenny, unpublished data).

It is possible that Bottomiy ard Mosier (11) stimulated a
substantial proportion of female Lyb-5- PC-specitic B cell
precursors with their primed mele helper ceils and thus ob-
served a predominantly T15~ response. However, one must
then explain how this Ti15~ response was converted to a
predominantly T15* response by the addition of ovalbumin
(OVA) plus OVA-primed female T cells (11). Bottomly and
Mosier (11) suggested that the female OVA-primed cells pro-
vided the T15-idiotype specific helper cells that were suppos-
edly absent in the immune-defective male mice. To provide this
T15-specific help, the OVA-primed T celis do not require PC
and OVA to be physically linked, because they presumably
recognize both OVA and T15 idiotypic determinants. Alterna-
tively, the activation of female OVA-specific T cells by OVA
could simply stimulate the prcduction of additional soiuble T
helper factors such as T cell-replacing factor (TRF). Antigen
plus TRF is known to activate Lyb-5* B cells (32, 33), whereas
the Lyb-5" B cells are gznerally refractory to activation by
TRF-like factors. Thus, when T cell help is limiting, the addi-
tional solu''e factors provided by the OVA-specific T cells
could prefeienticlly activate and expand the T15*, Lyb-5~
precursors and thereby shift the response from predominantly
T15” to predominantly T15*, This alternate hypothesis is sup-
ported by the recent findings of Singer ¢t al. (34), who have
sh~way that cloned T helper cells will activate TNP-specific,
MHC-incompalit'e Lyb-5* B cells even when carrier and hap-
ten are unlinked. These same T cell clones can activate TNP-
specific Lyb-5~ B cells but this latter activation requires both
the physical linkage of the hapten and carrier molecules and
MHC compatibility between the T cell clones and Lyb-5- B
cells (34).

In a similar system, Bottomly and Jones (14) found that
cooperation between cloned, carrier-specific helpers and nor-
mal PC-specific B cells (Lyb-5* and Lyb-57) resulted in a
predominantly T15~ IgM response. In these experiments, the
phenotype of the responding B cell was not delermined; how-
ever, both physical linkage of hepten and carrier and MHC
compatibility between the T helper clones and B cells were
required (35). These findings suggest that Lyb-5~, PC-specific
precursors may be playing a major role in this response.
However, if Botiomly and Mosier (11) are correct and T15
idiotype-specific T he!per cells play a majer role in regulation
of the PC repertoire, then the additicn of OVA and OVA-primed
T cells to KLH-specific T cell clones and PC-primed B cells
should convert a precominantly T15~ response to a predomi-
nantly T15* response. This idiotype conversion should not
occur when the OVA-primed T cells come from mice expressing
the xid gene or frcm mice with low levels of circulating T16*
antibodies.

The data in Tables IV-VI show that T cells from immune-
defective male mice provide qualitatively the same help as T
helpers from norma! female mice. However, we consistently
observed a lower PFC response with male T cells (Tables V
and VI, and Reference 24) and male T celis titrated out faster
than female T cells (Table VI). This quantitative difference in
PFC responses has been confirmed in the anti-PC serum
antibody levels when these two assays were performed in the
same experinent (24). PFC were not analyzed in the experi-
ment shown in Table li. We believe that the lower quantitative

responses observed with male T helper cells reflects a lower
absolute number of male T cells in these adoptive transfer
experiments. vinen male T ceil preparations were analyzed on

R

gpew g T

P

Cum

B R L e et ATVIY O CRPRURR R T

—he ey s




15638 Lyb-5* B CELLS AND T15 IDIOTYPE DOMINANCE

the FACS, twice as many null cells were present as in the
female T cell preparations (Kenny, unpublished observation).
We made no attempt to normalize the male and female cell
preparations to equivatent numbers of 1g* or Thy-1.2* cells
betfore cell transfer.

In summary, these data show that spleen cells from immune-
detective mice provide qualitatively the same type of T cell help
to normal B cells as T cells from normal mice. If a T15-specific
helper T cell is indeed necessary to obtain a T15-idiotype
predominant PFC response, then mice expressing the xid gene
must possess this T cell in their helper cell reepertoire. Qur data
clearly indicate that the B cell responsible for T15-predomi-
nance is contained within the Lyb-5* B cell subset and that
this B cell subset produces virtually all the T15*, IgM anti-PC
antibodies during an immune response to PC. These data and
other data from our laboratory (24) support the hypothesis of
Slack et al. (36) that idiotype and isotype expression may be
dependent on activation of different B cell subsets.
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Note Added in Proofl. After submission of this manuscript,
siimilar data were published by Quintans, J., Z. S. Quan, and
Miguel A. Arias. 1982. Mice with the xid defect have helper
cells for T15 idiotype dominant anti-phosphorylcholine primary

and secondary plaque-forming cell responses. J. Exp. Med.
155:1245.
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