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Function of Heper T Cdlsin the Memory CTL-mediated
Anti-tumor Immunity
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To invedigate the role of CD4" hdper T (Th) cdls in the menory CTL-mediated anti-tunor immunity , the

RAG 1 gene krnock out mice were adoptively tranderred with OT-1 cdlsto generate the menory CTL , the C57BL /6 mice inr
munized with the epitope peptide of OVA gecific Th cels and with different adjuvants were adoptively tranderred with these
menory-CILs, and then the anima swere chalenged with turror cells EG7. It wasfound that dthough the dnple immuniza-
tion of mice with the epitope peptide of the OVA gecific Th cells coud generate nore dfect CIL , but this efect was ot ©
grong ermough to ress conpletely the chalenges with tunor cdls. Nevertheess, the menory CTL-mediated anti-tunor inr
mune dfect required the helpsdf Thl and Th2 cdls. The cross regulation between Thl and Th2 cells seemed to be bendficid
for the hod to generate nore dfector CIL for nounting an dficient anti-tumor regponse. It cond uded that the interaction be-
tween Thl and Th2 cdls might be nore importart than the snde subset of Th cellsin the menory CTL-mediated anti-turmor
immune regponse. More atention shoud be paid in this regard for the future sudies.
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CD4" T cels are required for the generation and meinte-
nance of cytolytic CD8" T cells and are essertia for the
generation of both cellular and hunora immune regonses.
However , the contribution of CD4" T cells to the mainte-
nance of anti-tunor immunity is gill the subject of intense
invedigation. Adbptive transer drateges exploit in vitro
conditions to activate and expand primed T cells. Although
the fate and function of adoptively tranderred tunmor- e
cific dfector T cels have been extensvey dudied [1],
oconparativey little is known oconcerning the menory T
cdls in vivo. With the introduction of TCR-transgenic
mice, thisproblem has been overcome. Analyssof an Ag
ecific T cdl reponse isfacilitated by adoptive trander of
number of TCR-transgenic T cellsto normal mice and then
chalengng such animals with the gppropriate antigen.
This gpproach alows for direct phenotypic and functiona
characterization of the regponding Ag- ecific tranggenic T
cdls during the course of the immune regponse and avoids
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the conplication inherent in direct antigen gimulation of
the TCR-transgenic nouse. More recently , this modd has
been adapted to sudy the induction of anti-tunor immunity
invivo [2]. However , the contribution of CD4™ T cells
to the development , maintenance and turnover of menory
CTL-mediated anti-tumor immunity is gill unclear. The
present sudy employed this TCR-transgenic drategy to in-
vedigate whether menory CTL need CD4" helper T (Th)
cells to obtain conplete protection againg a lid tunor.

MATERIALS AND METHODS

Peptides and mice

The peptide SIINFEKL (GF257) and ISQAVHAAHAELK
NEAGR (OVA ecific helper T peptide) were Pecific
CTL and helper T epitopes. ontrol peptide HGSEPCI-
IHRGKPFQL EAVF EANONTKTA , GF257 and OVT pep-
tides were syntheszed in the Peptide Synthess Facility at
Auspep and highly purified ( > 99 %) as assessed by
HR_C and amirno acid anadlyss. 9x- to 12-week-old recip-
ient female mice (C57BL/6, RAG1 KO) were purchased
fromthe Animd Resource Centre (ARC, Perth, Audrar
lia). OT-1 TCR tranggenic mice were derived from the
CD8" OVA-ecific T cell clone 149.42. EG7 tunor cell
line was maintained in conplete RAMI media. All mice
were maintained under a ecific pathogen-free clean conr
ventiond anima house a the Princess Alexandra Hospital ,
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Univergty of Queendand.

Adoptive trander and immunization

Memory CTL generation was based on the methods de-
scribed [3]. Bridfly, lymph rode (LN) cdls from OT-1
mice were honogenized and washed in FBS. About 5 x
10° of these cells were injected i.v. into RAG1 KO re-
cipient mice. Recipient mice were immunized 3 d later
with 50p g SIINFEKL peptide in Freund s adjuvant at the
base of the tall , the scruf of the neck and the right fore-
paw. To trander menory CTL cdls into C57BL/6 mice,
each recipient received lynmph rnode cdllsfrom RAG1 KO
mice immunized with SIINFEKL &t leas one nonth before
trander.

Antibodies and flow cytometry

Antibodies to SIINFEKL-MHGC-tetramers oonjugated with
phycoerythrin (tetramer- PE) were purchased from the NIH
Tetramer Qore Fecility (Atlanta GA) . Allophycocyanin
oonjugated CD8 (CD8-APC) , (D44 conjugated biotin
(CD44-Bio) , and dreptavidin conjugated fluorescein i~
thiocyanate (Srep- FITC) were purchased from Pharmingen
(San Diegp, CA). Recipient mice were sacrificed and
snge cdl sugpendons from gpleen and lynph nodes were
prepared. Cdls were dained in the 3 mg/ml anti-FcR in
FBS containing BSA and NalN; and gained with combina
tions of the following antibodies. Biotinylated antibodies
were revealed by uing Srep-FITC. The cels were ana
lyzed by usng a Becton Dickinson FACSCaliber with both
CH.LQUEST (Becton Dickinson) and ALOWIO (TreeS
tar , San Carlos CA) softwares.

Adjuvant and Th generation

Quil-A was from Iscotec (Swveden Lulea) . CFA and IFA
were purchased from Sgma Chemica , and dgammulin § -
inulin-adorbed alum) was kindly provided by Dr. Peter
Qooper (Audrdian Nationd Universty , Canberra, Aus
traia) . Th cells were generated by immunization of OVT
peptide mixed with Quil-A , Algammulin or IFA.

B ISPOT assay for CTL

Multi screen °- HA Opague derile Hates were coated over-
night with anti- I\ antibody. 1 x 10" lenocytes per mi
were prepared acoording to the ¢andard methods [4]. 1 X
10° cells per well were prepared with or without IL-2
(GbooBRL Life techrologes) , then CTL peptide SIIN-

FEKL was added to give a final concentration of 1 and
0. 001 g/ml regectively and incubated a 37 for 1620
h. The plates were washed with FBST , added biotinylated
anti- IANY  (PharMingen) and incubated for 2-4 h at room
tenperature before Avidinhorse radi sh peroxidase (Sgma)
was added. The subgtrate of DAB and peroxide urea (9g-
ma) were added dter the plates were washed. The ots
number of Higpot was counted under reflected light.

B ISPOT assaaysfor Th cdl

The methods were dmilar to Higot assays for CTL de-
<ribed above, with a little nodification. Bridly, cdls
were added with or without IL-2 (GbooBRL Life techmolo-
ges). OVA ecific heper T peptide 1SQAVHAA-
HAEINEA GR was added to gve afina concentration of 8
and 44 g /ml regectively , and incubated at 37 for 36
40 h. The plates were washed and biotinylated anti- IFNY
was added. After 2-4 h incubation, Avidin-horse radish
peroxidase was added. The substrate of DAB and Peroxide
urea (9gma) was added and the plates were washed. The
goots number of Higot was counted under reflected light.
Tumor challenge experiments

EG7 was cultured in conplete medium and harvesed two
or three times per week. Immunization was performed by
injecting 504 g gecific helper T peptide or KLH in incom-
plete Freund s adjuvant into C57BL /6 mice 7 d before the
EG/ cdls chalenged. RAG KO recipient mice were sacri-
ficed and lynph nodes were honogenized. About 5 x 10°
o menory CIL cells were injected i. v. into C57BL/6
mice. At the same day , 3 x 10° EGY cell swere challenged
under the scruf of the neck. 8 d later , mice were sacri-
ficed and the tunor was weighted.

Satigical analysis

All results were analyzed with paired t teg or unpaired t
ted. P vaues <0.05 were conddered datidicaly dgnif-
icant.

RESW TS

Expansion of OT-1 cdlsin T/B cedl-deficient hosts

Irradiation was a main method used to deplete lynphocytes
in homeodatic eqpandon of naive T cdls, which might in-
duce ome cytokines production to pronote naive and acti-
vate T cdl survival. To awid these issues, we trangerred
OT-1cdlsino RAGI-ddficient (RAG KO) mice. More
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than 50 % slenocytes of OT-1 nouse express SIINFEKL
ecific TCR. After adoptive trander of OT-1 cedllsto RAG
KO mice, a day 14, nore than 11 % recipient gleno-
cytes expresed SIINFEKL ecific TCR. SIINFEKL e
cific CTL was detected with Higoot technique at day 14,
and about 410 of IANY 9ecific otswere ecific for Sl-
INFEKL peptide in vitro (Fig. 1a). Smilarly, nore than
1000 gpotswere detected at day 42 indicating that the OT-
1 cdls proliferated in the RAG KO (deficient in both B
and T cdls) mice. As a control , OT-1 cells were trans
ferred into unmanipulated C57BL /6 mice and a week later
SIINFEKL ecific CTL was detected (Fig. 1b). The re-
sults showed that nearly 1000 spots were detected per 1 x
10° Plerocytes, but only a haf gots were detected in
lymph node cells. The degree of expangon in these exper-
iments was dmilar or nore extendve than that had been
een in irradiated B6 recipients.
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Fig1. OT-1 cdl prdiferation in T/B deficient RAG KO mice.
a. Higot resits of RAG KO glemocytes chdlenged with SIINFEKL which
were acoptively tranderred OT-1 cdls; b. Higot resuitsof C57BL /6 pleno-
cytes and lynph nodes cdls which were adoptively tranderred OT-1 cdls and
SIINFEKL immunization was performed a the same day.

Generation o memory CTL

Menory T cdls differ from naive T cells in having previ-
oudy regponded to artigen. For this reaon , celular ater-
ations asociated with T cdl activation have comnonly
been examined as potentiad markers for menory cdlls.
With regard to memory CD8" T cdls, the nos relevant

nolecules are (D44 , CD62L and CD45 , and the cdlls ex-
pressed CD44"" even 10wk dter adoptive trander. In OT
1 mice, nearly adl gplenocytes were CD44 postive, but
only about 18 % of these cells were CD44 high expresson
(Fg. 2a). When OT-1 cdls were tranderred into RAG
KO mice, the percentage of CD44 high expresson leno-
cyteswere 53. 83 % at 14 d dter adoptive trander (Fg.
2b) . 21 d later , the percentage of CD44 high expresson
increased to 96.64 % (Fg. 2c) . The SIINFEKL activated
OT-1 cdls uniformy expressed the characterigic surface
pherotype of mermory T cdls: high levels of CD44 dter
one nonth adoptive trander. They were therdore referred
to as menory cells which were ecific to SIINFEKL pep-
tide. For dl subsequent functiona analyses and turor
protection experiments, mermory T cells were taken from
RAG KO recipients a leag 42 d &ter immunization.
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Fig 2. Naive OT-1 cdls undergoing SIINFEKL specific-driven
prdiferation acquire a memory CTL phenotype in RAG KO re-
cipients.

Andyssd expresiond CD8" and CD44 " of OT-1 mouse plerocytes (a) |
RAG KO mice splemcytes adoptive trander a dayl4 (b) and day 21 (c) .
Helper T peptide immunization can give rise to more
CTL but the hogt cannot get tumor protection

To ensure that the observed anti-tunor efects were directly
mediated by the adoptively tranderred T cells, we had to
exclude indirect mechaniams mediated via hog T or NK
celsor hog T cels helped by OVA secific Th cdlls. Unr
manipulated and OVT peptide immunized C57BL /6 mice
were chalenged with EGY7 cdlls. As sownin FHg. 3, urr
manipulated and OV T immunized C57BL /6 mice developed
cormplete tunor , while cormplete tunor protection was ob-
srved in CIL tranderred and OVT immunized mice and
had dgnificance of difference (P <0.01, unpaired t test ,
Fig. 3a). Al®, the Plenocytes of above mice were chal-
lenged with SIINFEKL to detect goecific CTL. The results
showed that OVT immunized C57BL /6 mice can generate
ome CTL againg tunor chalenge (Fg. 3b). More Sots
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o IFANY were detected in CTL adoptive trander and OVT
immunized mice. A rdatively high number of spots were
ao detected in OVT immunized mice which had sgnifi-
cant difference conmpared to normal C57BL /6 mice.
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Fig 3. OVA specific hdper T peptide immunization could help
hog generate more CTL but the hogt cannot get tumor protec
tion.

a. Turor chdlenge experiment ; b. Higot results chalenged with SIINFEKL
[ P<0.001 CTL + Th (n=10) vs Qortrol (n=5), P<0.05 Th (n=10)
vs Qontrol (n=5) , unpaired t ted; P<0.05 CIL + Th vs Th paired t
tegt].

Memory CTL needs both Thl and Th2 cdls to get
complete tumor protection

To invedigate whether a Thl or Th2 response plus menory
CITL oould prove the development of gecific CTL-mediated
protection , C57BL /6 mice were smultaneoudy immunized
with OVT/IFA , OVT/Quil-A , or OVT/adgammulin a week
before menory CTL adoptive trander. It was very inmpor-
tant to find that mice immunized with OVT/IFA had nearly
conplete turror protection conmpared to those which only
immunized with OV T/Quil-A or OVT/dgammulin. Spleno-
cytesof these mice were used to detect goecific CIL and
Thl cdls chdlenged with SIINFEKL and OV'T regective-
ly. It was very interegting to find that OV T/Quil-A immu-
nized mice had the nog IANY gots arong experimental
groups and sgnificant difference compared to other groups

when chdlenged with SIINFEKL peptide, indicating that
Thl cdls could generate obvioudy nore CTL (Fig. 4b).
On the other hand , we might drav another concluson that
the interaction between Thl and Th2 cedls could help the
hog generate nore Pecific Th cels when Thl cell were
detected with OVT peptide (Fig. 4c) .
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Fig 4. Memory CTL needs both Thl and Th2 cdls to get com-
plete tumor protection.

a. Turor chalenge experiment of OVT immunization and merrory CTL adop-
tive trander (n=5, each gow; P<0.05, control vs OVT/dgammuin; P
<0. 11 oontrol vs OVT/IFA; P < 0. 05 OVT/Quil-A vs OVT/IFA; P <
0.01, OVT/dgammuin vs OVT/IFA ; paired t teg) ; b. Higot resuts cha-
lenged with SIINFEKL. ( P < 0. 01, OVT/Quil-A vs control ; P < 0. 01,
OVT/IFA vs control ; P <0.05, OVT/IFA vs OVT/Quil-A ; paired t tes) .
c. Bigot resuts chdlenged OVT peptide ( P < 0.001, OVT/IFA vs OVT/
Quil-A; P<0.0001, OVT/IFA vs OVT/dgammulin; P <0.0001, OVT/IFA
vsoontrol ; P<0.05, OVT/Quil-A vs OVT/dgammulin; P <0.001, OVT/
Quil-A vs cortrol ; paired t teg) .

DISCUSSION

OT-1 cdls tranderred to RAG” mice and immunized
with minimal CTL epitope peptide acquire memory
CTL
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The OT-1 TCR utilizes a \&t 2\B 5 heterodimer to recognize
a peptide derived from OVA (OVAp) presented by H2-
K. Cdls harves from the gleen and lynph rodes of OT-
1 micewere >75%\02" \B5" CD8" by flow cytometric
andyds. Udng OT-1 ecific SIINFEKL tetramer- PE by
flow cytometric analys's, we showed that the glenocytes of
OT-1 mice were 48. 44 % postive for V2" \B5" CD8" .
After adoptive trander of lynmph node cdls into RAG KO
mice, & day 14, the Plerocytes of recipient were dill
4.33 % postiveof V12" \B5" CD8" . Clo et d [5] de
<ribed a sygem for generating large numbers of menory
8" T cdls, in which naive CD8 T cellsfrom 2C TCR
tranggenic mice on the recombination activating gene
(RAG)™-1" background were tranderred into syngeneic
RAG1" recipients lacking their own lymphocytes. The re-
cipients were then immunized with a potent antigenic pep-
tide. One nonth or nore &ter immunization , the surviving
2C cdls expresed the cdl surface markers and functiona
propertiesof menory CD8 T cells. Our data showed that in
OT-1 mice, nearly dl splenocytes were CD44 postive ,
but only about 18 % of these cdlls were CD44" high ex-
presson (Fg. 2a) . When adoptive trander of OT-1 cells
into RAG KO mice, the percentage of CD44 high expres-
don Plemocytes was increased to a reatively high leve
and maintained until day 42. All these cdls acquired the
characterigic surface pherotype of menory cells and could
be regpidy induced to express IANY within 42 d of trans
fer.

Without hdper T peptide immunization , the adoptive
trander of memory CTL cannot lead to tumor eimi-
nation

Qonrpared to naive CD8” T cells, menory cells divided
dter a dorter lag time, had an increased divison rate, a
lower loss rate, and showed nore repid and dficient dif-
ferertiation to efector functions [6]. Lymphocytic chorio-
meningitis virus menory mice contained two diginct menr
ory populations: one was predominantly located in the
Pleen and exerting rapid dfector function, and the other
was found in the leen and the lynph nodes, which had
log immediate dfector function. Thisfinding suggests that
o types of memory CIL exist: CD44™ D62~ and
44" D62L" menory pherotypes. In vitro, CIL
reached a CD44™" CD62L menory pherotype dter 6-10
cdl dividons and required redimulation to exert efector

function. The CD62L" dfector mermory CTL population
acoountsfor rgpid ef ector function found in LAV merrory
mice. Conversaly , the CD62L " merrory CTL representing
the mgjor population in the lynph nodes did not digplay
rgpid dfector function. Franco et al [7] reported that the
epitope dfinity for MHC class determines helper
requirement for CTL priming. The data presented here
suggest that athough helper T peptide immunization gave
rie to nore CIL than mon-immunization animals, the
numbers of CTL which generated by helper T peptide int
munization earlier were not enough to get tunor protection.
Merrory CTL need CD4" Th cells epecidly gecific Th
cellsto kill the tunor cdls and to conplete tunor regres
son which indicated that OVA gecific MHC class  re
dricted SIINFEKL epitope dfinity for MHC class  deter-
mined Th cell s requirementsfor menory CIL priming [4].
redricted CTL regponses, the highes dfinity pep-
tides (those with an 1C5, <50 nM) were invariably immu

Jdass

nogenic when used together with a helper T epitope to int
munize mice. On the other hand , peptides with a binding
dfinity in the range of 50-500 nM were incong gently inr
munogenic , with only 10 %50 % o peptides being capar
ble of priming animals. Peptides with binding dfinities
higher than 500 nM were rarely found to be immunogenic.
The binding dfinity of a peptide epitope for the class
MHC redriction eement was a key factor in determining
helper independence. Furthernore, depending on the na-
ture of the epitope , dficient help may be provided by anti-
CD40 treatment and not by coimmunization with a helper
epitope or vice versa suggesting that dependency on help
was not anply due to a snge requirement such as CD40-
mediated dgnaling of APCs. (ond gent with the concept of
multiple pathways for the generation of help was the recent
report [ 8] that denondrated the presence of at leagt three
different types of sgnaing pathways involved in the dici-
tation of help for a CIL regponse. These were a CD40-de-
pendent pathway leading to APC conditioning , a CD40-in-
dependent conditioning pathway and a luble CD4 -de
rived cytokine pathway.

Memory CTL needs both Thl and Th2 cdls to get
complete tumor protection

T cells can differ in their cytokine prdfile. The develop-
ment of Thl- and Th2-like cdlsis defined by the microen
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vironmental milieu, e. g. , IL-12 fogers Thl regonses,
whereas IL-4 and IL-10 favor Th2 responses. In generd |,
Thl-like regonses are thought to be asociated with tunor
regresson , whereas Th2-like regonses are correlaed with
increased suppresor activity. CD40/CD154 interactions
are esetid for the Thl/Th2 differentiation. Although ret-
roviraly transduced nouse dendritic cdls require CD4" T
cdl help to dicit anti-tumor immunity , divergent roles for
CD4" T cdlsin the priming and efector/menory phases of
adoptive immurothergpy were a0 reported [ 7]. To inves
tigate the necessary of Thl and Th2 in menory CTL medi-
ated-anti-tunor , the helper T peptides are immunized with
different adjuvantsto give rise to different Th subsets. Our
data dow that athough Thl or Th2 cells can gve partly
tunor protection asociated with adoptive trander of mermo-
ry CIL , the conplete turmor regresson needs both subsets
o Th cdls. While there is no doubt that re-immunization
will drive menory T cdls to proliferate, the rate of divi-
son anongsd menory T cdls under reding conditions is
much dower than that typically observed during immune
reponses. Infact , nog of these cytokinesfailed to gimu-
late cel dividon when added done to purified T cdls.
The exception is IL-15 , which induced grong proliferation
o CD44"" 8" T celsinplying that IL-15 is an inpor-
tant regulator of mermory T cell turnover in vivo in human
aswell asin mice. IANY induced by both IL-12 and IL-
18 isd® able to gimulate IL-15 expresson by which in-
dicated that IL-15 acts as the find common efector CD8"
molecule in the in vivo induction of memory CD8" T cdls
turnover by each of the above cytokines. Thl TCC can &=
cret the cytokines as IL-2, IL-12, IRNY , then causng
IL-15 which turnover menory CTL into activated CTL and
conplete tunor protection.

Our data sowed that pre-exiging Th2 cdls asociat-
ed with adoptive tranger menory CTL can get tunor eimi-
nation in part. Meanwhile pre-exiging Thl and Th2 cells
can get cormplete tunor eiminaion when adoptive trander
menory CIL. IL-12 induced gable primingfor IFNY pro-
duction during differentiation of Th cels and trangent
IANY production in edablished Th2 cell clones. A rove
adoptive tunor immunotherapy modd was developed using
OVA-gecific Thl and Th2 cdls and an OVA gene-trans
fected tunor and demondrated that both antigen goecific
Thl and Th2 cells had grong anti-tunor activity in vivo

with diginct mechanisms [9]. IL-4 wasfound to decrease
the basal expresson of the IL-2 receptorf subunit utilized
by IL-15, and had ro efect on the expresson of thef 1
chain o the IL-12 receptor which suggesed that the exig-
ence of a didinct crosstak between IL-4 and IL-15or IL-
12 dgnaling pathways during the regulation of human o
mgjor higoconpatibility cormplex-regtricted cytotoxicity
[10]. The crossregulation between Thl and Th2 subsets
was bendficid for nounting an dficient anti-tunor re-
gonse. In this gudy we reported that menory CIL need
both subsets of Th cedls to diminate conpletey tunor
challenge which inplied that interaction between Thl and
Th2 cdls should be gven nore attention in menory CIL-
mediated anti-tunor gudy.
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