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FIGURE 2. Attenuation of Con A-induced hepatitis by ApoA-II administration. A, Plasma AST and ALT levels in Con A-induced hepatitis in mice. Con
A (12.5 mg/kg, i.v.) and vehicle (PBS, i.v.) or Con A and ApoA-II (50 or 250 mg/kg, i.v.) were injected into BALB/c mice. The plasma was collected 4, 12,
and 24 h after Con A injection. The results are expressed as mean * SD (n = 8). *p < 0.05, compared with PBS-administered mice. B, Livers were
collected 12 h after Con A injection, and liver damage was evaluated by H&E and TUNEL staining. Scale bars, 100 pm (top and middle panels, H&E
staining) and 50 wm (bottom panels, TUNEL staining). C, Quantitative RT-PCR analysis for TNF-c, IFN-y, IL-4, MIP-1a, MIP-1B, and RANTES mRNA
expression in the liver tissue was measured 12 h after Con A injection and expressed as a ratio to HPRT. The results are expressed as mean * SD (n = 3).

*p < 0.05, compared with PBS-administered mice.

addition of ApoA-II. Increased phosphorylation of c-Jun was
detected 3 h after Con A stimulation and was inhibited by ApoA-
IT but not ApoA-I. The phosphorylation of IkBa, an indicator of
the activation of the NF-«kB signaling pathway, was not affected
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by the addition of ApoA-II. We did not detect any increase in
the phosphorylation of p38 MAPK after Con A stimulation. The
nuclear translocation of NFATcl was detected 5 min after Con
A stimulation and was significantly inhibited by the addition of
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FIGURE 3. Suppression of Con A-induced leukocyte infiltration into the liver by ApoA-II administration. A, Total leukocyte cell numbers in the liver.
Con A (12.5 mg/kg, i.v.) and vehicle (PBS, i.v.) or Con A and ApoA-II (250 mg/kg, i.v.) were administered into BALB/c mice. Livers were collected 4, 12,
and 24 h after Con A injection. The results are expressed as mean * SD (n = 8). *p < 0.05, compared with PBS-administered mice. B, Livers were
collected 12 h after Con A injection, and leukocyte migration into the liver was evaluated by staining with Abs specific for CD4, CD11b, and Ly6G. Scale
bars, 50 pm. C, Flow cytometric analysis of leukocytes migrated in the liver was performed. The results are expressed as mean * SD (n = 8). *p < 0.05,

compared with PBS-administered mice.
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FIGURE 4. Suppression of the activation and function of mouse CD4 T cells. A, The proliferative response of mouse CD4 T cells was determined by
[*H]thymidine uptake. Purified splenic CD4 T cells were stimulated with Con A (5 wg/mi) for 40 h in the presence of ApoA-II or ApoA-I (0.2 or 1 mg/ml).
The results are expressed as mean = SD (n = 5). *p < 0.05, compared with PBS-added CD4 T cells. B, Purified splenic CD4 T cells were labeled with
CFSE and stimulated with Con A in the presence of ApoA-II or ApoA-1. C, Purified splenic CD4 T cells were stimulated with Con A for 24 h in the
presence of ApoA-II or ApoA-I, and the amounts of 23 cytokines in the culture supernatant were assessed by Bio-Plex. The results are expressed as mean +
SD (n = 5). *p < 0.05, compared with PBS-added CD4 T cells. D, The expression of signaling molecules was assessed by Bio-Plex. The results are
expressed as mean = SD (n = 5). *p < 0.05, compared with PBS-added CD4 T cells. E, The protein expression of NFATc1 or lamin in the nuclear fraction
of CD4 T cells stimulated with Con A in the presence of ApoA-II or ApoA-I was assessed. Arbitrary densitometric units were calculated by dividing the
density of NFATc1 by the density of lamin and are shown under each indicated time point for the NFATc1 band. Similar data were obtained from three

independent experiments.

ApoA-II (Fig. 4E). In contrast, ApoA-I had very little effect on the
activation of signaling molecules. These results indicate that
ApoA-II suppresses the activation and function of mouse CD4
T cells by inhibiting the ERK-MAPK pathway and NFAT sig-
naling pathway activated by Con A stimulation.

Suppression of the activation of human CD4 T cells by ApoA-1I

Next, we examined whether ApoA-II suppressed the activation of
human CD4 T cells. As shown in Fig. 5A, ApoA-11, but not ApoA-
I, significantly suppressed [*H]thymidine uptake by Con A-
stimulated human CD4 T cells. The rate of cell division of Con
A-stimulated human CD4 T cells was also suppressed by the
addition of ApoA-II but not ApoA-I (Fig. 5B). In addition, we
examined the effect of ApoA-II on the production of cytokines
and chemokines by human CD4 T cells stimulated with Con A
(Fig. 5C). Among the cytokines and chemokines tested, the pro-
duction of IL-2, IL-9, IL-10, IL-17, IFN-y, IFN-y-inducible
protein 10, and MIP-1a were significantly suppressed by ApoA-IIL.
Again, no effect was observed by ApoA-I. These results indicate
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that ApoA-II suppressed the activation of Con A-stimulated hu-
man CD4 T cells.

Exacerbation of Con A-induced hepatitis in ApoA-II "~ mice

We examined the physiological roles of ApoA-II in Con A-induced
hepatitis using ApoA-II"'~ mice. No spontaneous pathological
AST and ALT levels or leukocyte infiltration were observed in
ApoA-II*/h mice maintained under physiological conditions (Fig.
6A, 6C). However, once Con A was injected, ApoA-II"™"" mice
showed dramatically increased levels of AST and ALT as com-
pared with those of WT mice (Fig. 6A). We also performed his-
tological analysis of the liver. Without Con A injection, the livers
of ApoA-II"'" mice showed slightly increased areas of glycogen
accumulation (Fig. 6B, bottom row, left). After Con A injection,
liver damage accompanied by increased numbers of apoptotic
hepatocytes was apparently more severe in ApoA-1I"/~ mice as
compared with that observed in WT mice (Fig. 6B, right four
panels). Moreover, leukocyte infiltration into the liver 4 h after
Con A injection was significantly higher in ApoA-I1""~ mice (Fig.
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FIGURE 5. Suppression of the activation of human CD4 T cells. A, The proliferative response of human CD4 T cells was measured by [*H]thymidine
uptake. Purified human CD4 T cells were stimulated with Con A (5 pg/ml) for 40 h in the presence of ApoA-II or ApoA-I (0.2 or 1 mg/ml). The results are
expressed as mean * SD (n = 5). *p < 0.05, compared with PBS-added CD4 T cells. B, Purified human CD4 T cells were labeled with CFSE and
stimulated with Con A in the presence of ApoA-II or ApoA-I. The division of CD4 T cells was assessed by flow cytometry. C, Purified human CD4 T cells
were stimulated with Con A for 24 h in the presence of ApoA-II or ApoA-I, and the amounts of 23 cytokines in the culture supernatant were assessed by
Bio-Plex. The results are expressed as mean = SD (n = 5). *p < 0.05, compared with PBS-added CD4 T cells. Similar data were obtained from three

independent experiments. N.D., not detected.

6C), and the increase in number of CD4 T cells in the liver of
ApoA-Il " mice was greater than that of WT mice (Fig. 6D).
There was no significant difference in infiltration of macrophages
or neutrophils into the liver 12 h after Con A injection between
ApoA-II""" and WT mice (Supplemental Fig. 2). The levels of
IFN-y production by Con A-stimulated ApoA—II_/_ CD4 T cells
were significantly higher than those in WT CD4 T cells, and the
production of IFN-y was equivalently inhibited by the addition of
ApoA-Il in WT and ApoA-I1 '~ groups (Fig. 6E). No significant
difference in the production of IL-2 or the proliferation of CD4
T cells was detected between ApoA-11~7~ and WT mice, whereas
similar inhibition by ApoA-II was observed in CD4 T cells pre-
pared from WT and ApoA-I1"'~ mice (Supplemental Fig. 3). Next,
to confirm the critical role of IFN-y— or IL-17-producing CD4
T cells in vivo in contributing to the liver injury in ApoA-II '~
mice during Con A-induced hepatitis, we depleted CD4 T cells,
neutralized IFN-y or IL-17 in ApoA-II "'~ mice by the adminis-
tration of anti-CD4, anti—-IFN-v, or anti—IL-17 mAb, and assessed
the liver damage in response to Con A injection. Con A-induced
hepatitis was protected almost completely by the injection of ei-
ther anti-CD4 or anti-IFN-y mAb in both WT and ApoA-11~/~
mice, although no obvious protection after Con A injection was
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mediated by the injection of anti-IL-17 mAb (Fig. 6F). These
results indicate that IFN-y—producing CD4 T cells play an im-
portant role in the development and progression of Con A-induced
hepatitis in both WT and ApoA-I11"'~ mice.

Attenuation of Con A-induced hepatitis by postadministration
of ApoA-II

Finally, we assessed whether ApoA-II inhibits Con A-induced
hepatitis even after the onset of hepatitis. We administered ApoA-
II 2 h after injection of Con A, because approximately one and
a half times the number of CD4 T cells was observed in the liver by
this time (data not shown), and compared the efficacy of ApoA-II
and a clinically used dose of prednisolone (4 mg/kg, i.v.) that is
a standard treatment for autoimmune hepatitis patients. Pread-
ministration of ApoA-II or prednisolone significantly suppressed
the Con A-induced increase in the levels of AST and ALT, and the
efficacy of prednisolone given before Con A injection was more
potent than ApoA-II. Interestingly, postadministration of ApoA-II
but not prednisolone significantly suppressed the Con A-induced
increase in the levels of AST and ALT (Fig. 7A4). We also ob-
served no improvements using a higher dose (20 mg/kg, i.v.) of
postadministration of prednisolone (data not shown). In addition,
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FIGURE 6. Exacerbation of Con A-induced hepatitis in ApoA-Il / mice. A, Plasma AST and ALT levels in ApoA-II"'~ and WT mice 12 h after Con A
(20 mg/kg, i.v.) injection. The results are expressed as mean * SD (n = 7). *p < 0.05, compared with WT mice. B, The livers were collected 12 h after Con
A injection, and liver damage was evaluated by H&E staining. Scale bars, 100 wm (upper and lower panels). C, Total leukocyte cell numbers in the liver 4 h
after the Con A injection into ApoA-II""~ or WT mice. The results are expressed as mean * SD (n = 6). *p < 0.05, compared with WT mice. D, Flow
cytometric analysis of liver mononuclear cells 4 h after Con A injection. The results are expressed as mean * SD (n = 6). *p < 0.05, compared with WT
mice. E, Purified splenic CD4 T cells from ApoA-II"'~ and WT mice were stimulated with Con A (5 pg/ml) for 24 h in the presence of ApoA-I1l, and the
amount of IFN-vy in the culture supernatant was assessed by ELISA. The results are expressed as mean * SD (n = 5). *p < 0.05, compared with PBS-added
CD4 T cells from WT mice. Similar data were obtained from three independent experiments. F, Plasma AST levels in ApoA-II"~ and WT mice 12 h after
Con A injection. Anti-CD4 mAb was i.p. injected into ApoA-II '~ and WT mice 5, 3, and 1 d before Con A injection. Anti-IFN-y mAb was i.v. injected
into ApoA-II""~ and WT mice 30 min before Con A injection. Anti~IL-17 mAb was i.p. injected into ApoA-II "~ and WT mice 30 min before Con A
injection. The results are expressed as mean = SD (n = 3). *p < 0.05, compared with ApoA-II"’~ mice.

Con A-induced histological damage such as severe necrosis and could be used as a new relatively safe therapeutic agent for CD4
apoptosis of hepatocytes in the liver was also suppressed by T cell-dependent autoimmune or viral hepatitis in humans.

postadministration of ApoA-II but not of prednisolone (Fig. 7B). Activated T cells and subsequent production of cytokines play
The increased infiltration of leukocytes (Fig. 7C) and CD4 and CD8 a critical role in the pathogenesis of hepatitis. Upregulation of
T cells (Fig. 7D) into the liver was significantly suppressed by the proinflammatory cytokines such as IFN-y and TNF-a by Con A

postadministration of ApoA-II but not prednisolone (Fig. 7C, 7D). injection directly induce hepatocellular apoptosis and necrosis
These results indicate that Con A-induced hepatitis is inhibited by (13, 15, 35), with relatively more critical roles for IFN-y having
ApoA-II administration even after the onset of hepatitis. been suggested (36, 37). Although significantly decreased ex-

pression of both IFN-y and TNF-« in the liver was detected (Fig.
Discussion 20C), the in vitro experiments revealed that ApoA-II suppressed the
In this report, we demonstrate clear evidence indicating that ApoA- production of IFN-y but not TNF-« in Con A-stimulated mouse

II, which is the second major HDL in human plasma, has a sup- and human CD4 T cells (Figs. 4C, 5C). Activated CD8 T cells,
pressive effect on Con A-induced hepatitis. Exacerbated hepatitis which produce a high amount of IFN-vy, also contribute to the
was observed in ApoA-II"~ mice, indicating a physiological role development of Con A-induced hepatitis, however less so as
for ApoA-II in the protection of Con A-induced hepatitis. The compared with CD4 T cells (12). ApoA-II also inhibited the
suppressive effect of ApoA-II was observed even after the onset of production of IFN-y in Con A-activated CD8 T cells (Supple-
Con A-induced hepatitis. ApoA-II showed a potent suppressive mental Fig. 4). It is also known that macrophages and neutrophils
effect on both mouse and human CD4 T cells. Therefore, ApoA-II are involved in the induction of Con A-induced hepatitis (38, 39),
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FIGURE 7. Attenuation of Con A-induced hepatitis by ApoA-II administration after the onset of hepatitis. A, Plasma AST and ALT levels in Con A-
induced hepatitis in mice. Con A (12.5 mg/kg, i.v.) and PBS, Con A and ApoA-II (250 mg/kg, i.v.), or Con A and prednisolone (4 mg/kg, i.v.) were injected
into BALB/c mice. Plasma was collected 12 h after Con A injection (pretreatment, 10 min before the injection of Con A; posttreatment, 2 h after the
injection of Con A). The results are expressed as mean * SD (n = 6). *p < 0.05, compared with PBS-administered mice. B, The livers were collected 12 h
after the posttreatment of ApoA-II and prednisolone, and liver damage was evaluated by H&E staining. Scale bars, 100 wm (upper and lower panels). C,
Total leukocyte cell numbers in the liver after Con A injection. Livers were collected 12 h after Con A injection. The results are expressed as mean * SD (n =
6). *p < 0.05, compared with PBS-administered mice. D, Flow cytometric analysis of leukocyte infiltration into the liver 12 h after Con A injection. The

numbers of CD4 or CD8 T cells are expressed as mean * SD (n = 6). *p < 0.05, compared with PBS-administered mice.

because these cells can produce various cytokines and chemo-
kines, leading to liver injury. However, the production of TNF-«
from IFN-y-stimulated peritoneal macrophages was not changed
by ApoA-II (Supplemental Fig. 5A). ApoA-II also did not sup-
press TNF-a—induced activation of peritoneal neutrophils (Sup-
plemental Fig. 5B), which was evaluated by the expression of
activation markers for neutrophils, such as CD62L and CDI11b
(40). Previously, it was reported that IL-17-producing CD4 T cells
also contributed to the induction of Con A-induced hepatitis (41).
ApoA-II was capable of suppressing IL-17 production in activated
CD4 T cells (Supplemental Fig. 6). However, no obvious pro-
tection in both WT and ApoA-II"’~ mice after Con A injection
was observed by the injection of anti-IL-17 mAb (Fig. 6F). In
addition, ApoA-II injection did not alter the number of Foxp3*
regulatory T cells (Tregs) among CD4 T cells infiltrating in the
liver even after Con A injection, and also the number of Foxp3™*
Tregs was not reduced in the ApoA-II/~ mice (J. Yamashita, K.
Kaneko, and T. Nakayama, unpublished observations). Thus, Th17
cells and Tregs may not play a major role in the attenuation of Con
A-induced hepatitis by ApoA-II. Taken together, ApoA-II appears
to attenuate Con A-induced hepatitis largely by the suppression of
IFN-+y production by CD4 T cells.

The administration of ApoA-II suppressed the migration of CD4
T cells, CD8 T cells, macrophages, and neutrophils into the liver
after Con A injection (Fig. 3B, 3C). We measured the expression of
several chemoattractant factors and found that ApoA-II signifi-
cantly suppressed the mRNA expression of MIP-1a, MIP-1B, and
RANTES that attract CD4 T cells, CD8 T cells, and macrophages
in the liver after Con A injection (Fig. 2C). Indeed, the increased
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production of MIP-la, MIP-1B, and RANTES was reported in
chronic hepatitis C (42-44), alcoholic hepatitis and cirrhosis (45),
and transplanted liver (46, 47) in humans. In the mouse model,
these chemokines also have an important role in the induction of
hepatitis (33, 34). The infiltration of CD4 or CD8 T cells into the
liver after Con A injection was more rapid as compared with that
of macrophages and neutrophils (Fig. 3C). Therefore, the sup-
pression of chemokine production from CD4 T cells by ApoA-II
at the early stage of hepatitis could reduce the migration of
macrophages and neutrophils, both of which are known to be in-
volved in the pathogenesis of Con A-induced hepatitis. Previously,

we and others reported that Va14iNKT cells are rapidly activated, -

produce large amounts of IFN-vy after the injection of Con A, and
can contribute to the development of Con A-induced hepatitis
(16, 48, 49). Although we observed a decrease in the number of
Va14iNKT cells in the liver after Con A injection, the levels were
equivalent between ApoA-II- and PBS-treated groups (Supple-
mental Fig. 7A). In addition, no obvious difference in the num-
ber of IFN-y-producing Va14iNKT cells in the spleen between
ApoA-II- and PBS-treated mice was observed (Supplemental Fig.
7B). Thus, Val4iNKT cells may not be involved in the process
of inhibition of hepatitis by ApoA-II.

The activation of nuclear transcription factors such as AP-1,
NFAT, and NF-kB are essential for the activation of T cells and
the transcriptional upregulation of the various cytokine genes (50—
53). ApoA-II inhibited the phosphorylation of ERK1/2 and c-Jun,
a member of the AP-1 transcription factor family, and suppressed
the nuclear translocation of NFATc1 in Con A-stimulated CD4
T cells (Fig. 4D, 4E). Thus, this could be the mechanism by which

~1Ov CCT TINIPTIAT TTO S10° 10Un I A MM THIOIT DADPOITAMOCT



The Journal of Immunology

ApoA-1l inhibited the activation and IFN-vy production in CD4
T cells. In fact, cyclosporine A and FKS506 (Tacrolimus) inhibited
Con A-induced hepatitis through the inhibition of the activation of
calcineurin, the upstream signaling molecule of NFAT activation
and nuclear translocation (12).

We demonstrate a physiological role for ApoA-II in the pro-
tection from Con A-induced hepatitis using ApoA-1I~"" mice (Fig.
6). CD4 T cells may play a more important role in this protection
as compared with CD8 T cells, because selectively increased in-
filtration of CD4 T cells and their enhanced IFN-y production
were observed in ApoA-II ' mice (Fig. 6D, 6E). In the liver of
ApoA-II™'" mice, increased areas of glycogen accumulation were
observed (Fig. 6B). Thus, the changes in lipoprotein metabolism
in ApoA-I1""" mice could induce the malfunction of CD4 T cells
leading to enhanced Con A-induced hepatitis. However, the up-
regulated CD4 T cell function, such as enhanced IEN-v pro-
duction, observed in ApoA-11™"" CD4 T cells was normalized by
the addition of ApoA-Il (Fig. 6E). Con A-induced production of
IL-2 and proliferation were not significantly altered in ApoA-I1"""
CD4 T cells and were equivalently inhibited by ApoA-Il (Sup-
plemental Fig. 3). Therefore, the basic function of CD4 T cells
developed in ApoA-I1""" mice appeared to be normal. In any
event, CD4 T cells appear to be the major target cells for the
inhibitory effect of ApoA-Il in Con A-induced hepatitis under
physiological conditions.

Patients with autoimmune hepatitis usually require immuno-
suppressive therapy for many years. The immunosuppressive drugs,
primarily glucocorticoids, serve as the standard therapy for auto-
immune hepatitis (3, 4, 54, 55). Therefore, we compared the abi-
lity of ApoA-1I and prednisolone to suppress Con A-induced
hepatitis. Interestingly, postadministration of ApoA-Il attenuated
Con A-induced hepatitis, whereas the effect of prednisolone was
less impressive (Fig. 74, 7B). The postadministration of ApoA-I1
but not of prednisolone reduced leukocyte infiltration including
CD4 and CD8 T cells into the liver (Fig. 7C, 7D). Thus, the
mechanisms underlying the inhibition of Con A-induced hepatitis
appeared to be distinct between ApoA-Il and prednisolone. Be-
cause ApoA-Il is a component of normal human plasma, side
effects induced by the administration of ApoA-1I could be mar-
ginal. In fact, preliminary preclinical experiments suggest that
only marginal side effects are observed (J. Yamashita, K. Kaneko,
and T. Nakayama, unpublished observations). Therefore, a com-
bination therapy of ApoA-Il with a low dose glucocorticoids and/
or other immunosuppressive agents may prevent the severe side
effects and consequently may prove that ApoA-1l is an effective
therapeutic agent for autoimmune hepatitis.

In summary, we showed that ApoA-I1 protected mice from Con
A-induced hepatitis by suppressing the function of activated CD4
T cells and reducing the intrahepatic infiltration of inflammatory
cells. Although we used ApoA-1I prepared from human plasma in
this study, we recently found that rApoA-I1 also attenuated Con A-
induced hepatitis (J. Yamashita, K. Kaneko, and T. Nakayama,
unpublished observations). Hence, our study offers new per-
spectives for the treatment of CD4 T cell-related autoimmune or
viral hepatitis with ApoA-1I in humans.
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Supplemental Figure 1. ApoA-11 suppresses the function of mouse CD4 T cells stimulated with anti-TCRB plus anti-CD28. Purified mouse
splenic CD4 T cells were labeled with CFSE and stimulated with immobilized anti-TCRP mAb plus anti-CD28 mAb in the presence of ApoA-I1 (1
mefml) for 24,48 and 72 h, and the amounts of 1L.-2 and IFN-y in the culture supernatants after 24 h stimulation were assessed by ELISA. The
results are expressed as mean £ SD. *P < 0.05, compared with PBS-added CD4 T cells.

Supplemental Figure 1. Yamashita et al
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Supplemental Figure 2. Normal Con A-induced infiltration of macrophages and neutrophils into the liver in ApoA-11"~ mice. Con A (20
mg/kg, i.v.) was injected into ApoA-I1"" mice. Flow cytometric analysis was performed to assess the infiltration of macrophages and neutrophils
into the liver 12 hafter Con A injection. The numbers of CDIb /Ly6G cells and CD11b7/Ly6G™ cells and were calculated using total leukocyte
cell counts and flow cytometric analysis data. The results are expressed as mean + SD (n=6),

Supplemental Figure 2. Yamashita et al
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Supplemental Figure 3. The suppressive effect of ApoA-11 is observed for both 1L-2 production and proliferation in Con A-stimulated
ApoA-1I-CD4 T cells. (A), Purified splenic CD4 T cells from ApoA-1--and WT mice were stimulated with Con A (5 ug/mi) for 24 h in the
presence of ApoA-1L and the amount of 1L-2 in the culture supernatant was assessed by ELISA. The results are expressed as mean + SD. (B), The
proliferative response of splenic CD4 T cells was examined by [*H]-thymidine uptake. Purified splenic CD4 T cells from ApoA-11"" and W mice
were stimulated with Con A for 40 I in the presence of ApoA-11. The results are expressed as mean = SD. Similar data were obtained from three

independent experiments.

Supplemental Figure 3. Yamashita et al
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Supplemental Figure 4, Suppression of the function of mouse CD8 T cells by ApoA-11. Splenic CD8 T cells were purified from BALB/¢
splenocytes using PE-conjugated anti-CD8 mAb, anti-PE magnetic beads (Miltenyi Biotec), and Auto-MACS cell Sorter (Miltenyi Biotec). The
purified CD8 T cells were stimulated with Con A (5 ug/ml) for 24 h in the presence of ApoA-T1 (0.2 or | mg/ml), and the amounts of 1L.-2 and
IFN-y in the culture supernatant were assessed by FLISA. The results are expressed as mean = SD. *P < 0.05, compared with PBS-added CD8 T
cells. Similar data were obtained from three independent experiments.

Supplemental Figure 4. Yamashita et al
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Supplemental Figure 5. ApoA-Il dees not suppress the function of macrophages or the activation of neutrophils. (A), To collect
macrophages, | ml of 4% fluid thioglycollate medium (Sigma-Aldrich) was injected intraperitoneally into BALB/c mice. The peritoneal lavage
cells were harvested on day 4 after the thioglycollate injection. Macrophages were purified using FITC-conjugated anti-CD11b mAb. anti-FITC
magnetic beads. and Auto-MACS cell Sorting. Purified CD11b-positive cells consisted of more than 95% macrophages identified by flow
cytometry and Wright-Giemsa staining, respectively (data not shown). Purified peritoneal macrophages were stimulated with Con A (5 pg/ml) or
IFN-y (2.5 ng/ml) for 24 h in the presence of ApoA-Il or ApoA-1 (1 mg/ml), and the amount of TNF-a in the culture supernatant was assessed by
ELISA. The results are expressed as mean = SD (n=5). (B), To collect neutrophils, | ml of 4% fluid thioglycollate medium was injected
intraperitoneally into BALB/c mice. The peritoneal lavage cells were harvested 4 h afler thioglycollate injection. Neutrophils were purified using
PE-conjugated anti-Ly6G mAb, anti-PE magnetic beads, and Auto-MACS cell Sorting. The purified Ly6G-positive cells consisted of more than
95% neutrophils identified by flow cytometry and Wright-Giemsa staining (data not shown). Purified peritoneal neutrophils were stimulated with
TNF-ce (1 ng/ml) for 0.5 h in the presence of ApoA-1i or ApoA-1, and the expression of CD11b and CD62L was assessed using flow cytometry.

Supplemental Figure 5. Yamashita et al
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Supplemental Figure 6. The suppressive effect of ApoA-1I administration on IL-17 production by mouse liver-infiltrating CD4 T cells
after Con A injection. Con A (12.5 mg/kg. i.v.) and vehicle, or Con A and ApoA-11 (250 mgfkg, i.v.) were administered into BALB/c mice. 12h
after Con A injection, liver CD4 T cells were purified from mice using FITC-conjugated anti-CD4 mAb, anti-FITC magnetic beads. and Auto-
MACS cell Sorter. The purified CD4 T cells were stimulated with Con A (5 ug/ml) for 24 h. and the amounts of IFN-y and 1L-17 in the culture
supernatant were assessed by ELISA. The results are expressed mean £ SD (n=4). *P < 0.05, compared with PBS-administrated mice.

Supplemental Figure 6. Yamashita et al
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Supplemental Figure 7. ApoA-ll administration did not change the activation of Val4 NKT cell in the liver. (A), Con A (12.5 mg/kg, i.v.)
and vehicle, or Con A and ApoA-Il (230 mg/kg. i.v.) were administered into BALB/c mice. Flow cytometric analysis of Vald NKT cells in the
liver 4. 12, and 24 h after Con A injection was performed to determine the expression profiles of a-GalCer/CD1d-tetramer” and TCR™ cells. The
number of a-GalCer/CDl1d-tetramer”/TCRB" cells was calculated based on the total leukocyte cell counts and flow cytometric analysis data. The
results are expressed as mean + SD (n=8). (B), The intracellular expression of [FN-y in «-GalCer/CDl1d-tetramer” NKT cells or CD4 T cells in
spleen 12h after Con A injection were analyzed using a Cytofix/Cytoperm Kit Plus (with Golgistop: BD Biosciences) according to the

manufacturer’s instructions.

Supplemental Figure 7. Yamashita et al
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KEYWORDS Abstract Repressor of GATA (ROG) inhibits Th2 cell differentiation and allergic airway
Contact hypersensitivity; inflammation in the lung. To determine the role of ROG in the pathogenesis of contact
Repressor of GATA (ROG); hypersensitivity (CHS), a hapten-induced mouse model of CHS using ROG Tg and ROG-deficient
Th2 responses; (ROG™") was used. ROG Tg mice showed little ear swelling, while ROG™~ mice showed enhanced
Mast cell degranulation ear swelling in comparison to wild type mice. Interstitial edema and mast cell degranulation at

the local inflammation sites were mild in ROG Tg mice and exacerbated in ROG™ ™ mice. In
addition, the serum total IgE and hapten-specific IgG1 levels were increased in ROG™" mice.
Adoptive transfer of ROG™/~ CD4" T cells exacerbated CHS in wild type mice, while transfer of
ROG Tg CD4" T cells resulted in the attenuation of CHS. These results indicate ROG negatively
regulates the induction of CHS by controlling the CD4" T cell-mediated allergic responses,
including IgE generation and mast cell degranulation.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Contact dermatitis in humans is often caused by chemicals
such as fragrance, nickel sulfate, cobalt chloride and
phenol; ROG, Repressor of GATA; ROG-deficient, ROG™"; OSD, numerous other agents. It is the most common occupational
Occupational skin disease; AD, Atopic dermatitis. skin disease (OSD) in Western countries, and represents
* Corresponding author. Fax: +81 43 227 1498, approximately 90-95% of all OSD. It also has a profound

E-mail address: tnakayama@faculty.chiba-u.jp (T. Nakayama). effect on workplace productivity [1-4]. Allergic contact

Abbreviations: CHS, Contact hypersensitivity; DNBS, Dinitroben-
zene sulfonic acid; DNFB, 2,4-dinitrofluorobenzene; DNP, Dinitro-

1521-6616/$ — see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.clim.2011.02.009
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hypersensitivity (CHS) typically shows delayed type hyper-
sensitivity, which is mediated mainly by cellular factors. The
effector phase of CHS is mediated mainly by CD8* T cells,
whose functions are supported by Th1 cells [5]. CD8* T cells
induce apoptosis of the epidermis of the skin followed by
proinflammatory cellular infiltration [5-11]. On the other
hand, there have been a few reports indicating that mast
cells, IgE and Th2 cells play an important role in CHS [12-18].

Naive CD4* T cells differentiate into several functionally-
distinct subsets upon antigen recognition by TCR. Several
distinct CD4 T cell subsets, including Th1, Th2, Th17, iTreg
and Th9 cells have been identified based on their cytokine
production properties, and Th2 cells are involved in allergic
reactions [19]. Upon activation, Th2 cells secrete IL-4, IL-5
and IL-13 and provide help to B cells to produce IgE and
1gG1, which ultimately lead to the occurrence of allergy.
The zinc finger transcription factor GATA3 is the master
regulator of Th2 cell differentiation. Besides being a
transcription factor for the IL-5 and IL-13 genes, GATA3
regulates Th2 differentiation by inducing chromatin remo-
deling of the Th2 cytokine locus [20-24]. In addition,
GATA3 is one of the most important allergy susceptibility
genes in humans as identified by genome-wide association
studies [25].

ROG, repressor of GATA, is a POZ (BTB) domain-containing
Kruppel type zinc finger family (or POK family) repressor, and
is highly homologous to other POK family proteins, such as
BCL6 (B-cell lymphoma 6) and PLZF (promyelocytic leukemia
zinc finger) [26,27]. A critical role of BCL6 for the generation
of follicular helper T cells [28-30] and that of PLZF for NKT
cell generation have been reported [31]. In addition, these
proteins contain the Broad Complex, Tramtrack, and Bric &
Brac/pox virus and zinc finger (BTB/POZ) domains in the N
terminus, which mediates dimerization and recruits corepres-
sor molecules to exert suppressive function[26,32]. in addi-
tion, the expression level of ROG in CD8* T cells is about ten
times greater than that of CD4* Th2 cells [33]. Experimentsina
mouse model of asthma demonstrated that the ROG plays an
inhibitory role in allergic inflammation [34]. The present study
used a hapten-induced mouse model of CHS and ROG-Tg and
ROG-deficient mice, and found that ROG negatively regulates
the induction of CHS by inhibiting the Th2 cell-mediated
allergic responses,

2. Materials and methods
2.1. Mice

C57BL/6 mice were purchased from CLEA Japan (Tokyo).
ROG transgenic (Tg) mice, under the control of the lck
proximal promoter that confers a T-cell specific overexpres-
sion of the transgene and ROG™~ mice were generated in our
laboratory as described in a previous report [34]. ROG™/~
mice and ROG Tg mice were backcrossed to C57BL/6 more
than 10 times. ROG™~ mice and ROG Tg mice were not
crossed with OVA-specific TCRab Tg mice. A sex-matched 7-
10 week-old group of 4 to 6 mice was used in the
experiments. All mice used in this study were maintained
under specific pathogen-free conditions. All animal care was
conducted in accordance with the guidelines of Chiba
University.
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2.2. Contact hypersensitivity (CHS) assay

The mice were sensitized by shaving their ventral abdomen and
applying 30 pl of 0.5% 2 ,4-dinitrofluorobenzene (DNFB; Sigma-
Aldrich, USA) in 4:1 acetone/olive oil consecutively on days 0
and 1. Five days later, the mice were challenged with 20 ul of
0.5% DNFB on both sides of their left ear. Their right ears were
treated with vehicle (the same amount of acetone/olive oil).
Subsequently, the allergic dermatitis was assessed by measur-
ing the thickness of the ears, using a micrometer (Quick-Mini
Mitutoyo, Kanagawa Japan). The extent of ear swelling was
scored as the differential thickness between the treated versus
the control ear of the mice. The average thickness of each
ear was determined by measuring three points of each ear.

2.3. Histology

The ear pinnae specimens were taken 48 h after challenge at
the time of the maximum swelling. Then they were stained
with hematoxylin—~eosin or by May~Grunewald Giemsa stain
for histological analyses. An immunohistochemical analysis
was performed as described previously [35].

2.4. Evaluation of cytokine production from CD8"
T cells

The regional lymph node cell suspension taken on day 8 was
prepared after sensitization on days 1 and 2, and a challenge
on day 6. Purified CD8" T cells (2x 10°) from each group were
cultured in round bottom 96 well plates with 100 pg/mi
DNBS and irradiated splenic APCs (1x10°) for 72 h. Then, the
supernatants were collected to measure cytokine concen-
trations by ELISA as described previously [34].

2.5. Hapten-specific CTL assay

A hapten-specific CTL assay was performed as previously
described with some modifications [36]. In brief, cervical
lymph nodes, recovered from DNFB-treated or non-treated
mice on day 9 after being sensitized twice on their abdomen
ondays 1 and 2, and a challenge to the left ear on day 7, were
tested for hapten-specific CTL activity. CD8" T cells were
purified using magnetic beads and an auto-MACS Sorter™
{Miltenyi Biotec, Gladbach Germany). The CD8* T cells were
restimulated with 3.8 ng/ml of IL-2 for 12 h in vitro. These
cells were then assayed for cytolytic activity against EL-4
targets which had been cultured with 4 mM DNBS for 24 h.
Target EL-4 cells (1x107) were chromium labeled by incu-
bating them for 1 h at 37 *C with 1.3 Mbq >'Cr (Chromium-51
Radionuclide, 37 Mbg/ml, PerkinElmer Life & Analytical
Sciences). Varying degrees of diluted effector cells were
plated in round-bottom microculture plates with 5'Cr-
labeled EL-4 targets (1x10%). The plates were then incu-
bated at 37 °C for 4 h, and the radioactivity released in the
supernatant was counted using a gamma counter. The results
are expressed as the percent specific lysis+SD calculated
as follows: (cpm test—spontaneous cpm)/ (maximal cpm-—
spontaneous cpm)x100, where the maximal or spontaneous
cpm represents the radioactivity released by targets exposed
to 2% NP40 or medium, respectively.
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2.6. Measurement of serum antibodies

Serum total IgE and dinitrophenol (DNP)-specific 1gG1 were
measured by ELISA as previously described [15]. In brief, 96-
well plates (Nunc) were coated with DNP-OVA (50 ug/ml).
After incubation with mouse serum for 1.5 h at 37 °C, DNP-
specific 1gG1 was detected with horseradish peroxidase-
conjugated anti-mouse IgG1 (Zymed).

2.7. Adoptive transfer experiments

The adoptive transfer experiments were carried out by
transferring DNFB-sensitized splenic CD8* T cells, CD4*™ T
cells or the serum from the three groups of donor mice
(ROG*/*, ROG Tg, and ROG™/~ mice), into 7-week-old wild
type syngeneic C57BL/6 recipient mice. The mice in each
group were sensitized to DNFB on days 0 and 1 as described
above. The mice were sacrificed on day 6 and their splenic
cells were prepared. CD8" T cells or CD4* T cells were
negatively sorted using an auto-MACS Sorter using a CD8" T
cell isolation kit or a CD4* T cell isolation kit (Milteny
Biotec, Gladbach Germany), respectively according to the
manufacturer's instructions. Then the CD8* T cells (3x10%)
or CD4* T cells (3x10°%) were transferred intravenously to
the recipients. We treated recipient mice in two different
ways. The recipient mice were first challenged on the fol-
lowing day of transfer, were sensitized once after transfer
and then challenged. The ear thickness of the recipient
mice was measured after the challenge. The serum transfer
experiment was performed by sensitizing donor mice on
days 0, 1 and 7. Then, 300yl of serum from these mice
was transferred into the recipients intraperitoneally on day
9, and the ear swelling responses were evaluated after
challenge. llustrations of the sensitization and challenge
protocol are shown in the figures about the adoptive
transfer experiments.

2.8. Statistical analysis

Statistical significance was evaluated with the unpaired
two-tailed Student's t-test in all experiments. p<0.05 was
considered to be significant.

3. Results

3.1. 2,4-dinitrofluorobenzene-induced ear swelling
in ROG Tg and ROG ™~ mice

First, we observed contact hypersensitivity induced by 2,4-
dinitrofluorobenzene (DNFB) in wild type, ROG Tg, and ROG™/
mice, in which the cell number and the phenotypic features
of CD4 and CD8 T cells in the spleen and thymus are
comparable [34]. After the sensitizations, these mice were
challenged with 0.5% DNFB five days after the last sensitization
(on day 6; Fig. 1A, upper). These mice showed delayed type
hypersensitivity with a single peak at 48 h after the challenge.
The sensitized ROG Tg mice showed decreased ear swelling in
comparison to the wild type ROG*™/* mice, and the sensitized
ROG™~ mice showed an increased ear swelling (Fig. 1A). These
results indicate that ROG negatively regulates DNFB-induced
CHS.
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The infiltration of inflammatory cells was evaluated
by histological analyses. Figure 1B shows that the levels of
edema in the dermis were apparently different among the
three groups, while the thickness of the inflamed epidermis
(indicated by triangles; Fig. 1B) was similar among these
three groups. There were similar numbers of infiltrating
mononuclear cells and polymorphonuclear cells in the in-
flamed skin (Fig. 1C). Immunofluorescent staining was
performed to assess the infiltration of CD8" T cells into the
epidermis, and that of CD4* T cells into the dermis (Fig. 1D).
The locatization and the number of both infiltrating CD8* T
cells and CD4* T cells were similar among the wild type ROG*/*,
ROG Tg and ROG™/~ mice (Fig. 1D and E). FACS analyses of
the single cells suspended from inflamed ear infiltrates showed
no difference with regard to the percentage of CD4" or CD8* T
cells among the three groups (data not shown).

3.2. Evaluation of the function of CD8" T cells from
ROG Tg and ROG™™ mice during the elicitation phase
of CHS

Since the effector phase of CHS is mediated mainly by CD8* T
cells [5-11], and ROG is highly expressed in CD8 T cells [33], we
assessed the function of CD8 T cells from ROG Tg and ROG ™/~
mice during the elicitation phase of CHS. The CD4* and CD8* T
cell profile in regional lymph nodes and the activation status
were assessed after DNFB challenge. The percentage of CD4* T
cells and CD8* T cells in the left cervical lymph nodes did not
show any difference among the wild type ROG*/*, ROG Tg and
and CD69 on CD8™ T cells (data not shown). The function of
CD8* T cells in the regional lymph nodes was then assessed.
CD8" T cells prepared from the left cervical lymph nodes of the
DNFB-challenged mice were stimulated with 100 pg/ml of
dinitrobenzene sulfonic acid (DNBS) with irradiated syngeneic
spleen cells for 72 h, and the ability of antigen-specific CD8* T
cells to produce IL-2 and IFN-y was evaluated. The levels of IL-2
and IFN-y in the culture supernatants were similar among
the wild type ROG*/*, ROG Tg and ROG™/~ CD8* T cells (Figs. 2A
and B, respectively). A CTL assay was conducted using EL-4
cells cultured with DNBS as the target to evaluate the cytotoxic
activity of CD8* T cells in the regional lymph nodes of the DNFB-
challenged inflamed ears, and no obvious difference was noted
among the wild type ROG*/*, ROG Tg and ROG™/~ CD8" T cells
(Fig. 2C). An adoptive transfer experiment was performed to
further evaluate the function of hapten-primed CD8" T cells,
and the adoptively transferred CD8* T cells from the wild type
ROG*/*, ROG Tg and ROG ™~ mice elicited a similar level of ear
swelling with or without DNFB sensitization after the transfer
(Figs. 2D and E). These results indicate that the attenuating
effect of ROG in the CHS may not be mediated by CD8" T cells.

3.3. Evaluation of serum antibody titers and mast
cell degranulation in DNFB-treated ROG Tg and
ROG™" mice

The serum total IgE levels were measured on day 9 after
sensitizing mice with DNFB three times (day 0, 1 and 7). The
level of serum total igE in the ROG™/~ mice was higher than
that of wild type mice (Fig. 3A). The levels of dinitrophenol
(DNP)-specific 1gG1 in the serum of ROG Tg mice were lower
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Ear swelling reactions and histological analysis in wild type mice, ROG Tg mice, and ROG™~ mice treated with DNFB. (A) After

sensitization on days 0 and 1, mice were challenged in their left ear on day 6. Subsequently, the thickness of the ear was measured by a
micrometer gauge. Negative controls were challenged but not sensitized. The data shown are representative of five experiments. (B) The
left pinnae were excised 48 h after challenge and stained with hematoxylin—eosin for histological analyses. (C) The i nfiltrating
mononuclear cells or the polymorphonuclear cells were counted by observation of 5 fields in each group. (D) Immunohistochemistry of the
challenged ear tissues. CD8" T cells are shown in green, and CD4" T cells are shown in red by immunofluorescence. (E) The number of
infiltrating CD8" T cells or CD4" T cells in each group is shown. A total of 8 fields were observed for each group. The mean values with
their SD are indicated. The data shown are representative of five experiments. NS: not significant.

than those of the wild type, whereas those of the ROG™/~
mice were higher than the wild type mice (Fig. 3B). The
serum levels of DNP-specific IgG2a and IgG2b in these three
groups were similar (data not shown).

May-Grunewald Giemsa staining of the ear pinnae was
used to examine the mast cells in the inflamed skin tissue
(Fig. 3C). The staining indicated that mast cells were yet
to be degranulated as blue cells filled with metachromatic
granules, whereas degranulated mast cells were detected
as hollow blue-edged cells. The total numbers of mast
cells was not altered by DNFB treatment, and also was not
influenced by the expression level of ROG (Fig. 3D). As
expected, the frequency of the degranulated mast cells were
more increased in the ROG™/~ mice in comparison to that in
the wild type mice, whereas that in the ROG Tg mice was
decreased (Fig. 3E).
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3.4. The transfer of serum from DNFB-sensitized
mice replicated the CHS in ROG Tg and ROG™~ mice

The serum of DNFB-sensitized wild type ROG*/*, ROG Tg
and ROG™/~ mice was transferred into wild type C57BL/6
mice, and the ear swelling responses were evaluated after
DNFB challenge. Figure 4A shows that the ear swelling
responses were biphasic, as reported previously in a mouse
atopic dermatitis model [37]. With regard to the late
phase reaction, the mice that received the serum from
ROG Tg mice showed reduced ear swelling in comparison
to the response in the mice that received the serum of
wild type mice, whereas the mice that received the serum
from the ROG™/~ mice showed enhanced reactions (Fig. 4A,
left panel). In addition, 10 pg of anti-DNP IgE or anti-TNP
IgE antibodies were injected as positive and negative



ROG negatively regulates induction of CHS through the inhibition of Th2 allergic responses

271

A 1L-2 C
e NS (IROG** | o —AROG ** DNFB
S | 2o Tenues
(| W ROG w0l A T
| oA = ©1-ROG Tg
30 |
B
20
[ 'bf.\j-\“‘--.
104 =
DNFB No treat [ rs “"‘
| - 1
o—0 Ty M— o W
IFN-y = 1 - 1
B - e E/T ratio
NS ,ﬁnoc il
12 NS ROG Tg
WROG * |
10 |
E sr —
o !
€ |
|
4 |
|
2 {
0 J
DNFB No treat
D A E /\ sensitization
L3 Sensitization
v s> Day0 1 6 A Challenge
X bayo 1 6 A Challenge '-“?::) AR
e \ i
& 4 \ . ROG T I
ROG'"*, ROG Tg | cp8* T cell Rgc:eo'e /_om‘ceﬂ | cD8* T cells
or ROG " mice ‘ transfer v transfer
. 2 6 luati
Z#:y Day 6 7 |evaluation &7y Day 8 7 12 | evaluation |
bt T ROG**mice O\ A
ROG""* mice o
250 | 250 "y
A ROG™ ROG ™
® ROGTg | ROGTg
200 > ROG* 200 (> ROG*
¥ - No transfer #— No transfer
150 150
£
g3 &
=
100 2 100 o
: T e g
lﬁ - R S lﬂ %0 / —gy
B i
V- o nw .
* v R¢ N /
0 [[] 8
0 50 100 150 0 50 100 150
Hours after challenge Hours after challenge

Figure 2

Evaluation of the functions of CD8" T cells from the ROG Tg and ROG /~ mice during the elicitation phase of CHS.

(A-B) Cytokine production by CD8" T cells which were collected from the regional lymph nodes. The cells were stimulated with
100 pg/ml DNBS and irradiated splenic APCs from syngeneic mice in vitro. (C) A hapten-specific CTL assay was performed using
DNBS-cultured EL-4 cells as targets to evaluate the function of CD8" T cells in the regional lymph nodes, which were recovered
from DNFB-treated or non-treated mice on day 9 after being sensitized twice on their abdomen on days 1 and 2, and being
challenged on the left ear on day 7. The CD8" T cells were restimulated with 3.8 ng/ml of IL-2 for 12 h in vitro. These cells
were then assayed for cytolytic activity against EL-4 targets which had been cultured with 4 mM DNBS for 24 h. (D-E) The
adoptive transfer experiment was carried out by transferring sensitized splenic CD8" T cells from the three different donor
groups (the ROG'/*, ROG Tg and ROG /™ mice) into the wild type syngeneic C57BL/6 recipient mice via a tail vein injection.
Then in one experiment, the recipient mice were challenged on the following day, and the ear swelling responses were
assessed (D). In another experiment, the recipient mice were sensitized once on day 7 and challenged on day 12, then the ear
swelling responses were assessed (E). The mean values with their SD are indicated. NS: not significant.

controls, respectively. The mice that received anti-DNP IgE
showed greater ear swelling than the mice that received
the serum from ROG /" mice, while the mice that received
anti-TNP IgE showed decreased ear swellings in comparison
to that observed in the mice that received the serum of
ROG Tg mice (data not shown). Similar results were ob-
tained in the acute phase reaction (Fig. 4A, right panel).
The percentage of degranulated mast cells observed by
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May-Grunewald Giemsa staining were lower in the mice
which received serum from the ROG Tg mice and higher
in the mice that received serum from ROG/~ mice in
comparison to that from wild type mice (Fig. 4B). These
results indicate that antibody titers in the serum play an
important role in the degranulation of mast cells in the
skin, and also in the attenuating effect of ROG in the
induction of CHS.
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Figure 3

Evaluation of the serum antibody titers and mast cell degranulation in ROG Tg or ROG '~ mice. (A) The total IgE levels in

the serum were measured by ELISA. The samples were taken on day 9 after sensitization on days 0, 1 and 7. (B) Serum IgG1 anti-DNP
antibody levels were measured by ELISA. (C) May—Grunewald Giemsa staining of the ear pinnae, indicated mast cells that were yet to
be degranulated as blue circles filled with metachromatic granules (indicated by black triangles), whereas degranulated mast cells
(indicated by white triangles) were detected as hollow blue-edged circles. (D) The total number of the skin residential mast cells was
counted. In each group, six microscopic fields from three mice were examined. (E) The percentages of the degranulated mast cells are
shown. The percentage was calculated by counting the number of degranulated mast cells and the total number of mast cells in each

field. The mean values with SD are indicated. NS: not significant.

3.5. The expression of ROG in CD4™ T cells regulates
the severity of CHS

To examine the contribution of ROG expression in CD4* T
cells in the development of CHS, DNFB-sensitized CD4* T
cells from wild type ROG*/*, ROG Tg and ROG™/~ mice were
transferred into wild type mice, which were then challenged
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and evaluated for ear swelling responses. No CHS response
was detected after challenging the mice on the following
day after transfer of CD4* T cells (Fig. 5A). However, by
sensitizing the mice transferred with DNFB-sensitized CD4* T
cells once before challenge, the adoptively transferred CD4*
T cells reconstructed CHS responses. As shown in Figure 5B,
the mice that received the DNFB-sensitized CD4* T cells from



