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Many peptide epitopes for cytotoxic T lymphocytes (CTLs)
have been identified from melanocytic differentiation pro-
teins. Vaccine trials with these peptides have been limited
mostly to those associated with HLA-A2, and immune re-
sponses have been detected inconsistently. Cases of clinical
regression have been observed after peptide vaccination in
some trials, but melanoma regressions have not correlated
well with T-cell responses measured in peripheral blood lym-
phocytes (PBLs). We vaccinated stage IV melanoma patients
with a mixture of gp100 and tyrosinase peptides restricted by
HLA-Al (DAEKSDICTDEY), HLA-A2 (YLEPGPVTA and
YMDGTMSQYV) and HLA-A3 (ALLAVGATK) in an emulsion
with GM-CSF and Montanide ISA-51 adjuvant. CTL re-
sponses were assessed in PBLs and in a lymph node draining
a vaccine site (sentinel immunized node, SIN). We found
CTL responses to vaccinating peptides in the SIN in 5/5
patients (100%). Equivalent assays detected peptide-reactive
CTLs in PBLs of 2 of these 5 patients (40%). CTLs expanded
from the SIN lysed melanoma cells naturally expressing ty-
rosinase or gpl00. We demonstrated immunogenicity for
peptides restricted by HLA-AI and -A3 and for | HLA-A2
restricted peptide, YMDGTMSQV. Immune monitoring of
clinical trials by evaluation of PBLs alone may under-estimate
immunogenicity; evaluation of SIN provides a new and sen-
sitive approach for defining responses to tumor vaccines and
correlating these responses with clinical outcomes. This
combination of an immunogenic vaccine strategy with a sen-
sitive analysis of CTL responses demonstrates the potential
for inducing and detecting anti-tumor immune responses in
the majority of melanoma patients.
© 2001 Wiley-Liss Inc.
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Dozers of peptick epitopes for cytotoxic T lymphocytes (CTLS)
hawe been identified from human melanomaA currert challenge
is to determire the immunogeniciy of thee peptides in vivo.
Severd HLA-A2—restrictel peptides from melanocytt differenti-
ation proteirs (MDPS) hawe been evaluate in vaccire trials, but
littl e evaluation has been dore on the immunogeniciy of MDP-
derived peptides restrictel by otha comma MHC moleculesWe
hawe identified peptice epitopes from the MDPs tyrosinag and
gp10Q restrictel by the comman class | MHC molecules HLA-A1
ard HLA-A3. The® are the HLA-Al-restricted peptice tyrosi-
nase,,_»s1g With a substitutim of S for C at reside 244
(DAEKSDICTDEY), ard the HLA-A3—-restricted gp10Q ,_,spep-
tide (ALLAVGATK). +2 In the preseh work, we descrile the
clinical evaluation of thes peptidesin addition to new approaches
for determinirg the immunogeniciy of 2 HLA-A2—restrictal pep-
tides from tyrosinag and gp10034

In peptide-base vaccire trials, immure responsg hawe been
detecte inconsistentlyz-8 This may be due to poa vaccire im-
munogeniciy or to inadequag immune-resporesmonitoring Im-
munogeniciy dependin pat on presentatio by effective antigen-
presentig cells Intraderm& administratio of GM-CSF induces
maturatio of epiderméLangerhas cells (LCs), followed by their
migration to draining lymph nodes?1° In a murine mode| HIV
peptides administerd in an emulsi;n with Montanice ISA-51

adjuvart were mod immunogent when GM-CSF was included in
the emulsion!® Thus an attractive approab to vaccinatio is to
administe melanona peptides in an emulsimn with GM-CSF-in-
adjuvart with the intert of presentig the peptides on LCstha are
maturirg in situ.

Occasionbmarkel clinical regressioa of melanona hawe been
observe after peptice vaccinatior8:12-14 but tumar regressions
hawe nat correlatel well with T-cell responsemeasurd in periph-
erd blood lymphocytes (PBLs)81214This has led to aparadoxical
perceptia that the clinical respone to avaccire may be unrelated
to the immunre respons to tha vaccine We hypothesizeinstead,
that discordane betwee clinical and immunologicé responses
may refled inadequat immure monitoring Detectio of immune
responsgin PBLsis complicatel by patterrs of T-cell trafficking
ard by dilutiond factors Responsgin lymph nodes may better
refled immunogeniciy at the site of vaccination New technology
permit identification and harves of a lymph node draining askin
site using lymphoscintigrapit with Tc®® sulfur colloid.2s This
procedue is usal for mappirg sentiné nodes draining sites of
primary cutaneos melanomas$ for the purpo® of detecting
metastati disease Here we repot a novd application of this
technoloy for identification of a node draining a cutaneos vac-
cination site.

A possibe concen with vaccine using MDP-derived peptides
is that pre-existirg tolerane to differentiation proteirs may cause
deletian of T cells with high affinity for the MDP peptides Thus,
respondig T cells may hawe sud low affinity tha they recognize
only targe cells pulsed with high concentratiosof peptice and not
tumar cells tha expres the relevan epitopes at lower copy num-
bers When evaluatirg T-cel respons to peptice vaccines it is
importart to confim that respondig CTLs lyse human melanoma
cells.

In the currert report we presen dat respondig to 3 hypothe-
ses (i) the 4HLA-AL, -A2 and -A3 restrictel peptides described
abowe areimmunogent in humars when administerd in an emul-
sion with GM-CSE (ii) immure responss identified in PBLs
under-estimatvaccire immunogeniciy compare with evaluation
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of a sentinel immunized node (SIN); a(id) CTLs responding to Testing for immunological responses
MDP peptides are not limited to the low-affinity type but have cej| |ines. CIRA1 and C1RA3 are human EBV-transformed

adequate affinity to lyse melanoma cells. B-cell (EBV-B) lines that lack expression of class | MHC mole-
cules, except that they have been transfected with the genes for

MATERIAL AND METHODS human HLA-A1 and HLA-AS, respectively. These cell lines were

Patients kindly provided by Dr. P. Cresswell. T2 (ATCC, Manassas, VA)

a mutant human T/B cell hybrid that lacks the transporter
sociated with antigen processing (TAP) but expresses HLA-A2.
62 is a natural killer cell target. VMM5 (HLA-A2, -Al1),
M14 (HLA-AL, -A25, -B8, -B48), VMM15 (HLA-A1, -A25,

Patients with stage IV melanoma with evaluable unresectgg
metastases who were serologically typed as HLA-AIA2* or
-A3" and whose melanoma cells expressed the gpl00 an
tyrosinase MDPs by immunohistochemistry were studied, wit
informed consent and institutional review board and Food an 8M1-185}%)—|LX|X2A18AS)(2|FeA-nA1\gI a r;oAng;gi?;’ll Iw?gsoe s;gtl)gl)l shaerzid at
Drug Administration (FDA) approval (under IND 7593). PatientE Uni itv of Virginia f ; -involved nod f mela
ranged in age from 40 to 58 years. Primary tumor sites were s lhe niversity OAII irginia from 186”” IcTVO Ved nodes o rr]ne a b
of the back (2 patients), right calf (1 patient) and mucous me oma pﬁtletntsh . ?xprgassgf d gr'l%tyrosma}se, as s I(I)\;vn y
brane sites (2 patients, vulvar and anorectal). Sites of metastal] ltjlr']oh |sdoct %mll(s r)(j e an ot d?re me_znt()jmba CS |n$s
tumor included viscera (lung and/or liver) in 3 patients and werg> 2> SN€ da g 'el n|ver5éy an '2 y provided by 055' d
limited to skin and lymph nodes in 2 patients. Immunohistoche “arrow an Hd Df/llg,:?{' I|?|||\_/IA A(\TLAA'; )dexpres;s,es gpl .?hn
istry prior to vaccination demonstrated that metastatic tumor e _roglgase, an SkM( I24-HL’A-A1) Aoze'sp‘_rr_occexpress el I er
pressed tyrosinase in all 5 patients, expressed gp100 strongly iAPs: orltyrosma?le. - el ( il d C) is an amela-
paents (VUMLLS, VMMLLO and VIINISO) and exressedsls Meehns bt s a0 negalhe and brosiiase negitue
gpl00 weakly in 1 patient (VMM193). HLA-A region alleles for )
each patient were VMM115 (AL, A3), VMM119 (A2, A6g), °90Us lymphocytes (One Lambda, Canoga Park, CA).

VMM150 (A1, A68), VMM193 (A2) and VMM204 (A2, A24). PeptidesClass | MHC-associated peptides included HLA-A1—
o associated DAEKSDICTDEY (tyrosinasg_»s.3, HLA-A*0201—
Immunization protocol associated YMDGTMSQV (tyrosinagg_s,ed. YLEPGPVTA

Patients received a vaccine comprising 4 melanoma peptidgp1l00g,_5s9, KTWGQYWQV (gpl0Qs,_16), AAGIGILTV
[100 pg each of the HLA-Al—restricted peptide tyrosingse.s;s (MART-1/MelanA,, -, YLKKIKNSL (malaria CSRa, 340"
(DAEKSDICTDEY), the HLA-A2-restricted peptides tyrosi-and HLA-A3-associated ALLAVGATK (gpl10Q_,o. Peptides
Nasggss_z760(YMDGTMSQV) and gpl00;,_,55(YLEPGPVTA)  were synthesized and purified by the Biomolecular Core Facility at
and the HLA-A3—-restricted peptide gplQ0,5 (ALLAVGATK)  the University of Virginia.

and 190ug of the HLA-DR—restricted tetanus helper peptide g| spot assayLymphocytes were cultured in complete RPMI
AQYIKANSKFIGITEL. This peptide represents peptide p2 Olyith 10% heat-inactivated human AB serum (Sigma, St. Louis,
tetanus toxoid (residues 830-844) plus an amino-terminal alaniggy) 2 mM L-glutamine, 100 U/ml penicillin and 10Q.g/ml

residue to prevent formation of pyroglutamate from the N-terminglreiitomycin (Pen-Strept; GIBCO, Grand Island, NY). They were
glutamine residue. Tetanus peptide p2 is a promiscuous binderiQayed 2 weeks after a single sensitizatiovitro with peptide.
HLA-DR moleculest” Vaccines were administered with 228 pyiefiy, 2 x 10° lymphocytes/ml in complete medium were incu
GM-CSF-in-Montanide ISA-51 adjuvant. GM-CSF was kindlyhated with the mixture of melanoma peptides used for immuniza-
provided by Schering-Plough (Kenilworth, NJ). Montanidg;qy, (40 pg/ml of each) for 2 hr at 37°C, 5% COCells were

ISA-51 was purchased from Seppic (Fairfield, NJ). Each patiegbjieted, resuspended in complete medium containing IL-2 (20

was immunized at days 0, 7, 14, 28, 35 and 42 (weeks 0, 1, 2,1#ym|) and cultured for 14 days. Complete medium was replaced as

5 and 6) for a total of 6 immynizations. The first 3 vaqcinationﬁgeded.
were divided between 2 injection sites (primary and replicate), an Immulon 2 flat-bottomed plates (Dynatech, Chantilly, VA) were
the last 3 vaccinations were delivered to the primary injection site . . LA ;
only. At each injection site, half was administered s.c. and half i dated with anti-IFNy monoclonal antibodies (MAbS) (M'7OOA’

) : - Endogen, Woburn, MA). Lymphocytes were mixed with equal

g;tllf%sr ags\?verglt(:gl\gidaogct)-g:tgnts Ig'zléecmmz‘ Ergegyr:/n(lgygA umbers of antigen-presenting cells (APCs) alone or cells pulsed

7_4918,19 with peptide (40pg/ml) in the first row of the plate. Serial
' dilutions were made such that responder cell numbers ranged from
SIN resection 100,000 to 5,000/well. Plates were incubated at 37°C, 5% f6O

To provide a replicate immunization site at which a node draik8 hr- After extensive washing with 0.025% Tween 20 in water,
ing that site can be tested, patients were vaccinated at 2 sites forRig{®S were incubated with a biotin-labeled secondary antibody to
first 3 injections. The primary vaccination site was in an arm, arfiN-y (M-701B, Endogen), then washed again and incubated with
each vaccine in that arm was administered to the same s@Wdin conjugated with alkaline phosphatase (13043E; Pharmin-
location. The replicate immunization site was on a thigh in 4€n, San Diego, CA). After washing, plates were developed with
patients and on an arm in 1 patient who had previously h IP substrate in 1% low melting agarose (Sigma). The number of
bilateral inguinal node dissections. The lymph node draining the8&/€ Spots corresponding to the number of cells secretingyFN-
replicate immunization sites (SIN) was localized by lymphati®/as calculated for each well. Each sample was tested in triplicate
mapping with TE sulfur colloid at approximately 1 week after the@t each of several dilutions of lymphocytes. The number of T cells
third immunization. Selective biopsy of the SIN was performeffSPonding to the peptide was calculated as the difference between
(by CLS) under local anesthesia with the intra-operative aid oftge number of cells secreting IFin response to APCs (C1RAL,
sterile hand-held gamma probe (Care Wise, Morgan Hill, CA ~1RA3 or T2) loaded with that peptide and the highest negative
Patients consented to this procedure as part of the initial informg@ntrol result (APCs alone or loaded with irrelevant malaria pep-
consent process for the trial and again by a separate operal :
consent immediately prior to the procedure. No patients refusediFN-vy release assay based on intracellular staini@j.Ls were
SIN biopsy. The incision was routinely 1 inch long, and the nodecubated with stimulator cells at a responder:stimulator ratio of
was removed in the out-patient clinic. There were no infections @rl (2 X 10° CTLs and 1x 10° target cells per well in a 96-well
complications at these surgical sites. Once removed, the SIN waate). We determined the number of IRN¥eleasing cells using
dissociated mechanically into a single-cell suspension and cryakit for intracellular cytokine staining (Pharmingen). FACS anal-
preserved in human AB serum and DMSO. Tissues were procesgsis using FACScan with CELLQuest software (Becton Dickin-
by the Tissue Procurement Facility at the University of Virgini@on, San Jose, CA) was performed for enumeration of TD8
(Charlottesville, VA). IFN-y™* cells.
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Ficure 1-— Cryopreserved cells from the SIN of patient VMM119 and from a tumor-negative lymph node (BRC2421, HLA-A2) of a
breast-cancer patient were thawed and enriched for 'CB8lls. Cells were triple-stained with the tetramers, anti-CD8 antibody and
anti-TCR«/B-1 antibody. We used FACScan with CELLQuest software to enumerate tetr@D8éi cells. The population of tetrame€D8"
cells is designated with a small rectangle on each plot. The percentage 6f @8 that are tetraméris shown. The difference between SIN
and negative node binding corresponds to 0.17% of CH&phocytes bearing TCR specific for YMDGTMSQV peptide and the absence of
CD8" cells with YLEPGPVTA-specific TCR.
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Ficure 2 — Mononuclear cells from the SIN of 5 patients were cryopreserved at the time of resection. Cells were thawed and sensitized with
the mixture of 4 immunizing peptides, cultured for 14 days, then evaluated in an ELIspot assay for reactivity to the immunizing peptides pulsed
on C1RAL, T2 or C1RA3. Negative controls included C1RA1, T2 and C1RA3 alone or pulsed with the irrelevant peptide YLKKIKNSL
(CSRy34_349. Error bars represent 1 SD. Mononuclear cells from the SIN of patient VMM172, receiving a different vaccine, were similarly
stimulated and evaluated.axis labels represent target cells (C1RA1, T2 or C1RA3) and the peptide pulsed on that target cell (-, no peptide;
M, irrelevant malaria peptide; G, gp100 peptide; T, tyrosinase peptidg)-)C1RAL, C1RA3, or T2 corresponding to patient HLA type;

& (M)C1RAL, C1RAS3 or T2+ Malaria CSRB3,.345 ® (T) CIRAL+Tyrosinasg,g..s; @ (T) T2 + Tyrosinasgss.z7¢ £ (G) C1RA3 +
9p10Q7.25 & (G) T2+ gpl0Qgg 28

Peptide-MHC tetramer stainingdLA-A*0201/YMDGTMSQV, samples were evaluated after enrichment for Cx@lls using
HLA-A*0201/YLEPGPVTA and HLA-A*0301/ALLAVGATK negative selection (Stem Cell Technologies, Vancouver,
tetramers were provided by the NIAID MHC Tetramer Coré&anada). Cells were stained with the tetramers (1:100 dilution;
Facility (Atlanta, GA). The specificity of tetramers was conphycoerythrin), anti-CD8 antibody (APC, MHCD 0804; Caltag)
firmed by titration using polyclonal CTL lines. A PBL sampleand anti-TCRea/B-1 antibody (FITC, 347773; Becton Dickin-
of a normal donor and a tumor-free lymph node sample fromson). We used FAScan with CELLQuest software to enumerate
breast-cancer patient were used as negative controls. Patiettamer CD8" cells.
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Ficure 3 — Patient lymphocytes from PBLs, SINs TINs or metastatic tumor deposits (TILs) were cryopreserved at the time of collection. They
were thawed, sensitized onitevitro with the vaccinating peptides, washed, cultured for 14 days with IL-2 and evaluated by ELIspot assay. The
number of T cells responding to the peptide was calculated as the difference between the number of cells secregtimgd§ipbnse to APCs
(C1RA1, C1RA3 or T2) loaded with that peptide and the highest negative control result. Negative controls included lymphocytes alone,
lymphocytes+ APC alone and lymphocytes APC + irrelevant peptide. Results were obtained with lymphocytes prior to vaccination (0), 1
week after the second (2), 2 weeks after the third (3), 1 week after the fourth (4), 1 week after the fifth (5) or 1 month after the sixth (6) vaccine.
The SIN was harvested 8 to 10 days after vaccine 3. Responses to tyrgsinasgopulsed on T2 cells are shown for PBLs (open diamonds)
and SIN (solid diamonds) from patients VMM204, VMM119 and VMM193. Responses by patient VMM150 are shown to tyrasinase
pulsed on C1RAL in PBLs (open squares) and in the SIN (solid squares). The 2 data points represented by an X are from lymphocytes infiltratin
cutaneous metastatic tumor deposits, 1 harvested after the third vaccine and the other 8 weeks after the sixth vaccine. Also shown are respon:
by patient VMM115 to tyrosinasg,_,s;oulsed on C1RAL, in the PBLs (open squares) or in the SIN (solid squares) and tq ggipQlsed
on C1RAS3 cells, in PBLs (open triangles) or in the SIN (solid triangles). The isolated data points before vaccination represent responses ftc
tyrosinasg,o_,s15(X) and gp10Q,_,s(+) measured in lymphocytes from a tumor-involved node (TIN) resected prior to vaccination.

TABLE | —LEVEL OF PEPTIDE-SPECIFIC CTL IN THE DIFFERENT COMPARTMENTS IN THE COURSE OF IMMUNIZATION
Peptide-specific CTL/T0(SD)

Patient HLA type Immunizing peptide PBL, week SIN TIL
0 2 3 4 5 6
VMM204 HLA-A2 YLEPGPVTA 0 0 6 1 (3) 20 2 (5) 0 NA
(11) 14

YMDGTMSQV 195 2 18 3 (7) 34 23 4,040 NA

(107) (33) (2 (28) 9) (851)
VMM119 HLA-A2 YLEPGPVTA 0 NT 0 0 0 NT 0 NA
YMDGTMSQV 0 NT 0 0 0 NT 1,902 NA

(96)
VMM193 HLA-A2 YLEPGPVTA 72 NT NT NT 62 NT 0 NA

(766) (82)

YMDGTMSQV 72 NT NT NT 27 NT 477 NA

(845) (104) (185)
VMM150 HLA-A1l DAEKSDICTDEY 58 404 530 221 220 311 3,258 1,217
(100)  (190)  (138)  (117) (149)  (192)  (272) (2437
1,433
(1747
VMM115 HLA-A1l DAEKSDICTDEY 338 NT 432 1,029 1,272 189 2,093 322
(225) (139)  (270) (401)  (109)  (221) (71)*
HLA-A3 ALLAVGATK 3 NT 273 1,602 111 0 512 o*

(29) (188)  (352) (29) (145)

NA, sample is not available; NT, not tested; 0, negative values, which are below backgf@aidre vaccination2After 3 vaccinations.—
3After 6 vaccinations.
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T-cell expansionFor T-cell expansion, we used a protocol VMM 150 (HLA A1)
modified from Crosslaneét al?? T cells were expandeih vitro PBL
without additional antigen stimulation by culturing with anti-CD3 i
i SIN

antibody (OKT3, 10 ng/ml; Pharmingen) in the presence of several 1500
groups of feeder cells. T cells @ 50,000) were co-cultured in a

T-25 flask with 5x 10° irradiated allogeneic EBV-B cells and 1000
25 X 10° irradiated mixed PBLs for 14 days in complete medium 500
with 25 U/ml IL-2. This usually yielded 10 to 5& 10° T cells

with specificity comparable to that of the original T cells. 0

Cytotoxicity assay<Cell-mediated lysis of target cells was de- 4000+
termined using a standard 4 RlCr-release assay. Briefly/Cr- ©

labeled target cells were plated at 1 to>2 10° cells/well in T CC1RA1
triplicate on 96-well V-bottomed plates (Costar, Cambridge, MAg 3000+ OC1RA1+CSP

240-251

- : . X [ | i
of 200 ul. Wells containing either culture mediunm @ M HCl in I CTRAT+Tyrosinage
Elace of the effector cells served as spontaneous and maximuh

with the indicated ratio of target to effector cells in a final volume> 334-342
ICr-release controls, respectively. 2000+

RESULTS
Peptide-specific responses in the SIN
We tested immune responses in 5 patients vaccinated with@

1000+

sgcreting ce

melanoma peptides in an emulsion of GM-CSF-in-adjuvant, fol_ 0]
lowed by systemic, low-dose IL-2. These peptides includez
DAEKSDICTDEY, YMDGTMSQV, YLEPGPVTA and ALLAV- =

TIL
GATK. The vaccine also contained a tetanus helper peptide, with 15007
the intent of stimulating a simultaneous T-helper response; but the 1000+
focus of these studies was on the CTL response. We collected the
lymph node (SIN) draining a vaccine site approximately 1 week 500+

(8—10 days) after the third vaccination and evaluated the immune
response by ELIspot assays, |IRN<lease assays, peptide-MHC 0 -
tetramer staining and cytotoxicity assays.

T cells specific for melanoma peptides used for immunization Pre 2 3 4 5 6  Post
could be detected in SIEx vivoby tetramer staining as well as by i i
ELIspot assay. Results of MHC-tetramer staining for the uncul- Immunizations
tured VMM119 SIN sample are shown in Figure 1, where the d'ﬁ%r' Ficure 4 — Mononuclear cells from PBLs of 2 metastatic tumor
ence+between SIN and negative node b."?d'”g corresponds to 0.17%&sits (TILs) and from the SIN of patient VMM150 were cryopre-
CD8" lymphocytes bearing TCR specific for YMDGTMSQV pep served at the time of collection. Cells were thawed and sensitized with
tide and the absence of CD&sells with YLEPGPVTA-specific the mixture of the 4 immunizing peptides in parallel cultures. After 14
T-cell receptor (TCR). Elispot assay of the same SIN sarsgle days, they were evaluated in an ELIspot assay for reactivity to the
vivo gave similar results, with 0.14% of CD8cells secreting immunizing peptide tyrosinagg,,s;s pulsed on C1RAL. Negative
IFN-v in response to YMDGTMSQV peptide and no response t@pntrols included C1RAL alone or pulsed with the irrelevant malaria
YLEPGPVTA peptide (data not shown). We also found by ELIsPeptide CSEs,_34,
pot ex vivothat 0.24% of CD8§ cells in SIN of patient VMM204
were reactive to YMDGTMSQV and none to YLEPGPVTA (data N )
not shown). These results confirm that peptide-specific CTLs inith immature autologous dendritic cells pulsed with the same 4
duced in SIN are not anergic and suggest that the majority of thefelanoma peptides. Results with this patient served as a negative
can produce IFNy in response to antigen. control, demonstrating that prominent immune responses seen in

To further investigate the ability of lymphocytes to recogniz&?® SIN (Fig. 2) can be attributed to tivevivo effects of immu-

antigen and to proliferate in response to that antigen, we tested $Jigation rather than ta vitro stimulation. The specificity in this
lymphocytes by ELIspot assay at 14 days after sensitization 25Saysystem is further demonstrated by the failure of gp300.s

vitro with the 4 melanoma peptides used for vaccination. CTLs ff LEPGPVTA) to stimulate a detectable response (Fig. 2). Thus,
the SIN responded to at least 1 of the immunizing peptides in &¢Ptides YMDGTMSQV, ALLAVGATK and DAEKSDICTDEY

vaccinated patients (Fig. 2). Patients VMM119, VMM193 and/eré immunogenic in melanoma patients, as measured at the SIN.
VMM204 demonstrated prominent responses to the HLA-A2— . ) ) o

restricted tyrosinase peptide YMDGTMSQV, while responses feTL responses in PBLs under-estimate immunogenicity

the HLA-A2-restricted gpl100 peptide YLEPGPVTA were not To compare the immune response at the immunized node to the
observed (Fig. 2). In a parallel experiment, the SIN of VMM118ystemic immune response in PBLs, we collected blood after each
was also evaluated after sensitization vitro with only the vaccination and tested samples in parallel with the SIN. In only 2/5
YLEPGPVTA peptide, and no reactivity was observed by ELIspgtatients did we detect CTLs specific for vaccinating peptides in
(data not shown). Patient VMM150 demonstrated a strong rperipheral blood (Fig. 3, Table I). For patient VMM150, immune
sponse to the HLA-Al-restricted peptide DAEKSDICTDEY inreactivity to DAEKSDICTDEY in PBLs was evident after the
the SIN (Fig. 2), and patient VMM115 exhibited a response bot#econd vaccination, persisted for up to 6 weeks after the last
to the HLA-Al-restricted tyrosinase peptide DAEKSDICTDE Yvaccination and was:20% the magnitude of the response in the
and to the HLA-A3-restricted gp100 peptide ALLAVGATK (Fig. SIN (Fig. 3). The most prominent reactivity to immunizing pep-
2). As a negative control, SINs of a patient vaccinated in tides in PBLs was detected in patient VMM115, but it was tran-
different manner (VMM172) were evaluated. Despite the same sient and fell to undetectable levels 6 weeks after completion of the
vitro stimulation and culture, we could not detect CTL responsesccination protocol (Fig. 3). In these 5 patients, evaluation of
to the relevant immunizing peptides in SINs of this patient (Fig. 2PBLs alone markedly under-estimated the T-cell response com-
This negative response was obtained in a patient vaccinated pared to evaluation of the SIN.
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Ficure 5—VMM204 T cells from the SIN were sensitized onicevitro with the 4 immunizing peptides and then expanded with anti-CD3
antibody. They were added to T2 cells pulsed with 1 of 5 peptides or to 1 of 5 different tumor cells. The number of€llD8ecreting IFNy
was determined by FACS after staining for CD8 and intracellular staining foryH&) Raw FACS data are shown for 6 different stimulators.
(b) Results represent the percentage of Clls secreting IFNy as measured in this assay.

Baseline immunity in tumor-involved nodes (TINs) before in both of these patients, reactivity to tumor antigens in PBLSs prior
immunization to vaccination correlated well with pre-vaccination reactivity in
We had access to TINs resected prior to vaccination in '$mph nodes exposed to tumor, serving as a useful baseline mea-
patients. Lymphocytes from a TIN of patient VMM115 wereSure of reactivity to defined antigens prior to vaccination.
sensitized with 4 melanoma peptidé@s vitro and cultured in . T -
parallel with the SIN and PBLs, then assayed by ELIspot. cT1Reptide-specific immune responses detected in distant metastases
reactive to the DAEKSDICTDEY peptide were detected in that It has been postulated that the number of CTLs in PBLs may be
node at a level nearly identical to that found in PBLs prior taffected by trafficking of tumor-reactive lymphocytes from PBLs
vaccination (Fig. 3). Similarly, CTLs reactive to ALLAVGATK to sites of metastasts.While the present study was not formally
were not detected in the TIN and were equally undetectable designed to test that hypothesis, we did evaluate peptide-specific
PBLs (Fig. 3). For patient VMM119, TIN lymphocytes werereactivity of CTLs isolated from metastatic tumor deposits during
culturedin vitro with autologous tumor cells and evaluated at 1&accination. Patient VMM150 had multiple cutaneous metastases,
days by ELIspot: no reactivity to YMDGTMSQV and YLEPGPVTA most of which regressed markedly during vaccination. One me-
peptides was observed prior to vaccination (data not shown). Thtesstasis was removed the same day the SIN was harvested. Another
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was removed 8 weeks after the end of the vaccination protocblLA-A2 “tyrosinasé melanoma cell lines, VMM5 and DM6
Both tumors were tyrosinase-positive, but the latter lesion hgHig. 5). Most of the peptide-reactive CD&ells expanded from
decreased tyrosinase expression, by immunohistochemistry ahd SIN of VMM204 were of high enough affinity to recognize
Western analysis of freshly cryopreserved tumor cells (data ngfnor cells.
shown). In both metastases, there were CTLs reactive to th : - .
DAEK%DICTDEY peptide (Figs. 3. 4). After 3 vaccinations, max-; & urthermore, we assessed the cytolytic activity of peptide-reac-
imal reactivity was detected in the SIN, intermediate reactivity i jve CTLs from the SIN. T cells expanded from these SINS lysed
! PCs pulsed with the peptides YMDGTMSQV, ALLAVGATK

the metastatic tumor and the lowest reactivity in PBLs (Fig. 3).
Our results are consistent with the hypothesis that CTLs inducéld DAEKSDICTDEY (data not shown). T cells expanded from
SIN after 1 or 2 rounds of sensitization with peptide were able

by vaccination may accumulate at sites of metastatic tumor a

may thus be depleted from PBLs. These data further demonstridySe melanoma cells (Fig. 6). T cells from the SIN of VMM119
that the CTL response to vaccinating peptide differs markedly #'d VMM204 lysed HLA-AZ tyrosinasé melanomas DM6 and
different lymphoid populations within the same individual. VMMS without lysing the HLA-A1"/-A2" tyrosinase melanomas
DM331 and SkMel24. VMM115 SIN T cells lysed the HLA-A3
CTLs induced by peptide vaccine recognize and lyse melanoma VMM18 and the HLA-A1A3™" autologous tumor line
melanoma cells VMM115. There was low-level lysis also of the Afyrosinasé

To determine whether CTLs from vaccinated patients can ré@€lanoma VMM15 but no lysis of the Alyrosinase melanoma
ognize tumor cells naturally expressing the peptide epitopes, lyfM331 (Fig. 6). VMM150 CTLs recognized and lysed VMM15
phocytes from the SIN were evaluated for IRNproduction in ~ and VMM14 tumor cells, both of which are Atyrosinasé
response to peptides pulsed onto appropriate APCs or to tunfieglanomas, but not DM331, SkMel24, K562 or C1RA1 (Fig. 6).
cells naturally expressing those peptides. Representative datalaranother assay, VMM150 CTLs also lysed autologous VMM150
shown for VMM204, with significant IFNy release upon stimu- tumor cells (data not shown). Collectively, these data establish that
lation with tyrosinase peptide-pulsed T2 cells, as well as with @eptides YMDGTMSQV, DAEKSDICTDEY and ALLAVGATK

VMM 119 (HLA A2) VMM 204 (HLA A2)
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Ficure 6 — T cells from the SIN of patients VMM119 and VMM204 were stimulated onoétro with the 4 immunizing melanoma peptides
at 40pg/ml, then expanded with anti-CD3 antibodies at 14 days. T cells from VMM115 and VMM150 were stimulated once with the peptides,
then restimulated once with the peptides pulsed on autologous irradiated PBLs prior to anti-CD3 expansion. These cultured T cells were the
assayed for cytotoxicity against several melanoma and non-melanoma target cells in 4 hr Cr-release assays. DM6 (solid squares) and VMM
(solid circles) are HLA-AZ tyrosinasé gp100°. VMM15 (solid upward triangles) and VMMZ14 (solid left triangles) are HLA-Agrosinasé.
VMM18 (solid diamonds) is HLA-A3tyrosinaségp100. VMM115 (solid squares) is an autologous tumor line from the VMM115 nodal
metastases, which is HLA-AHLA-A3 *tyrosinasé gp100". Negative control melanoma cells included DM331 (open triangles) and SkMel24
(asterisks), which are both HLA-ATA2™ and tyrosinasegpl00. Non-melanoma targets included C1R-Al (open diamonds), C1R-A3 (open
circles), T2 (open squares) and K562 (X). All are negative for tyrosinase and gp100 and express HLA-A1, -A3, -A2 or no class | MHC,
respectively.
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Inhibitors: residue near the N terminus was rapidly modified in biological
-T2 solutions, so it was necessary to replace it with a serine residue
30 —0— T24MART 157,35 (DAEKSDICTDEY). This modification augmented peptide im-
» ~A—T2+Tyrosinasg .~ Mune reactivif[y'n vi_tro.1 The peptide was immunogeni(_: for both
‘©» —o—SKMEL 24 HLA-A1" patients in our study, with T-cell responses in the SIN
2 201 —0— VMM 18 and an increase in reactivity in PBLs during vaccination. However,
é —8—DM6 we were concerned that this peptide, because of its modification,
‘C —B—VMM § might induce T cells that were not cross-reactive with the naturally
8_ processed peptide. The encouraging finding is that CTLs reactive
w10 7 to DAEKSDICTDEY in the SIN were capable of lysing VMM15
£ melanoma cells, which naturally express tyrosinase and HLA-A1
(Fig. 6). Thus, these data confirm that the modified dodecamer
0 . peptide DAEKSDICTDEY induces CTLis vivo that are reactive
0:1 3:1 10:1 30: 1 to a naturally processed tyrosinase peptide on melanoma cells.

. The HLA-A2-associated gpl0Q, ,gspeptide YLEPGPVTA

cold to hot target ratio failed to generate CTL responses in the 3 HLA-A2 patients in our

) study. The poor immunogenicity of this peptide may be due to

_ Ficure 7 - Chromium-labeled (hot) DM6 melanoma cells wergntrinsically weak immunogenicity, possibly caused by low affinity
incubated with unlabeled (cold) target cells at cold:hot ratios of 0:1 {8, the HLA-A2 molecules Alternatively, it could be due to

30:1 for 1 hr prior to addition of cultured VMM204 SIN T cells at " PR :
a20:1ET ratriJo?‘1Cr release was measured at 4 hr to assess perc%ﬁ?{npet't'on for binding to HLA-A2 molecules in the presence of

lysis of DM6 tumor cells. For the T2tyrosinasees sseoand € high-affinity peptide YMDGTMSQV. However, oum vitro
T2+MART1,, 55 T2 cells were pulsed with these peptides at 1@ata suggest that competition between these peptides is not ade-
wg/ml, then ‘washed prior to adding as cold targets. DM6 lysis waglate to explain non-reactivigf. Regardless, the negative results
inhibited only by T2 loaded with tyrosinagg_;,¢ppeptide and by with this peptide demonstrate the ability to discriminate immuno-
melanoma cells expressing tyrosinase and HLA-A2, demonstratiggnic peptides from non-immunogenic peptides by evaluation of
that cytolytic activity of VMM204 CTLs is associated with T cellsthe responses in the SIN.

specific for YMDGTMSQV (tyrosinasgs 7 peptide. The data presented above demonstrate that immune responses to
a tumor vaccine detected in PBLs markedly under-estimated the
activate CD8 T cells that recognize melanoma tumor cells whicifU& immunogenicity as T-cell responses were much more readily
naturally express gp100 and/or tyrosinase. identified in the SIN than in PBLs. This is consistent with prior
We assumed that the tumor cell lysis observed above Wres_ults showing that the acute immune response to cutaneous
mediated by recognition of the immunizing peptides. To determi ﬁtlgen exposure occurs in the first-order draining lymph nodes
) %‘?\d peaks approximately 1 week after antigen expos8a&Sub-

this, T cells from VMM204 SIN were evaluated in a cold-targe : : :
inhibition assay (Fig. 7). Lysis of DM6 tumor (A2yrosinasé equently, responding T cells leave the node and establish systemic

S immunity. Numerous factors in cancer patients may affect the
melanoma) was completely inhibited by cold DMS, cold VMMSsystemic dissemination of the immune response, persistence of the

(another AZ tyrosinasé melanoma) and cold T2 cells pulsed With.l._CeII response and establishment of long-term immunity.

YMDGTMSQV peptide but not by T2 alone, T2 pulsed withp ; . : .
. : h rogress in vaccine development will require that these factors be
MART-1 peptide or irrelevant tumor cells SkMel24 and VMMlS'Byaluated independently.

Thus, recognition of melanoma cells by these CTLs is mediated . -
their reactivity to peptide YMDGTMSQV. Similarly, cold-target, ' Evaluation of the SIN offers a novel approach to defining the
inhibition studies with VMM150 CTLs demonstrated that lysis ofimunogenicity of vaccines most directly. As shown for patient
VMM15 tumor is blocked by cold C1RA1 pulsed with DAEKS- YMM150, evaluation of multiple lymphoid compartments or popu-
DICTDEY (data not shown). lations over time may permit dissection of the response into immu-
nogenicity (measured in the SIN), systemic dissemination of the
immune response (measured in PBLS), trafficking of the lymphocytes
DISCUSSION to metastatic sites (TILs) and eradication of tumor cells (clinical
Our results show that at least 3 of the 4 peptides used in tigsponse). It appears that all 4 events occurred in VMM150 (Fig. 4).
multiple peptide vaccine preparation are immunogénigivo in  For patient VMM115, in contrast, there is evidence of immunogenic-
humans. These include the HLA-A1 peptide DAEKSDICTDEY ty against the HLA-A1- and -A3-associated peptides in the SIN and
the HLA-A2 peptide YMDGTMSQV and the HLA-A3 peptide of responses in PBLs; but the systemic response was transient and
ALLAVGATK. This extends the range of patients who may benassociated with prompt clinical progression. Rational progress in
efit from vaccine strategies using peptide antigens. vaccine development will depend on the ability to dissect the immune

The HLA-A2-associated tyrosinase peptide YMDGTMSQVeSponse in this way, and analysis of the SIN permits sensitive and
had been reported to stimulate CTL responses in PBLs indject evaluation of vaccine immunogenicity.
minority of patient$4 but the present data are more encouraging as Evaluation of the SIN, as we have described it, requires a surgical
aresponse was observed in all 3 HLA-A2 patients. The gp1QQ procedure. Thus, it cannot easily be repeated in the same patient over
peptide ALLAVGATK is naturally processed and presented itime. Also, it will be difficult to include as a part of large multicenter
association with HLA-A3t Reactivity to it has been identified in trials because of the additional effort required for harvesting the node.
the blood of melanoma patients and in the TIN of a long-terdimay be feasible later to evaluate these nodes by less invasive means,
survivor of melanomas However, immunogenicity of the syn- using a needle biopsy. At present, evaluation of the SIN after surgical
thetic peptide had not been previously evaluatedivo. In our excision coupled with evaluation of PBLs and TILs can be employed
study, CTLs reactive to this peptide were developed both in tlie selected studies to understand vaccine immunogenicity and to
SIN and in the PBLs of patient VMM115 after vaccination butompare immune responses to 2 or more different vaccine regimens.
could not be detected in a TIN or PBLs prior to vaccination. MDPs, inc|uding tyrosinase and gpj_oo, are expressed na’[ura”y by

The HLA-Al-associated tyrosinase peptide DAEKCDICTDEYhormal melanocytes, and tolerance to MDP peptides develops in the
was originally identified as a target for tyrosinase-reactiveormal hose? It has been presumed that high-affinity CTLs reactive
CTLs in our laboratory, but neither it nor its correspondingo MDP peptides may be deleted by thymic selection. Thus, there has
nonamer (KCDICTDEY) ordecamer (EKCDICTDEY) was de- been concern that CTL responses to MDP peptide vaccines may be
finitively identified among peptides naturally processed and prmited to low-affinity CTLs capable of recognizing cells pulsed with
sented in association with HLA-AL Furthermore, the cysteine high concentrations of peptides but non-reactive to tumor cells natu-
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rally expressing the same peptides at lower concentration. A signbie limited to evaluation of responses in PBLs but should, where
cant and most encouraging finding in the present report is that peptifiEasible, include evaluation of responses by lymphocytes in nodes
reactive CTLs from SINs are capable of lysing melanoma cells. ThuBaining the sites of vaccination. This will permit accurate assess-
our data provide substantial evidence that CTLs with high affinity feanent of immunogenicity and of the various components of the

MDP peptides could be induced in melanoma patients. CTL precimmune response to vaccination.

sors capable of lysing tumor cells at low E:T ratios are present in adult

melanoma patients with advanced disease, and they can be expanded
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