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Abstract Interferony (IFNy) is an important cytokine with IFNy-transfected cells in the population was sufficient to

immunomodulatory properties that include activation gfrotect mice against subsequent challenge with tumorigenic

immune cells and induction of class | and class Il maj&MT6 cells. These studies demonstrate that the immuno-

histocompatibility complex antigens. In this study a retrgenicity of tumor cells that are poorly responsive to

viral vector was used to introduce the lffbjene into EMT6 exogenous IFNMcan be enhanced by inserting and expres-

tumor cells to assess the effect of NFiyene expression onsing the IFN transgene. These findings also suggest a role

tumor immunogenicity. Transfectants were selected far class Il MHC in reducing tumorigenicity of the EMT6

G418-containing tissue-culture medium and were deténmor and inducing long-term tumor immunity.

mined to express the inserted lfFlgene by reverse tran-

scriptase/polymerase chain reaction. Flow-cytometric aniley words Interferony - MHC - EMT6 - Class |l

ysis revealed that parental unmodified EMT6 cells constiransactivator (CIITA)} Gene therapy

tutively expressed only class | MHC and were poorly

responsive to exogenous llgNtimulation, whereas class

Il MHC was induced in IFN-transfected cells. The induc-

tion of class Il MHC in IFN-transfected cells correlated

with the expression of a mouse class |l transactivator gelneroduction

that was dormant in unmodified or mock-transfected cells.

In addition, IFN/-gene-transfected tumor cells were foundhe role of class | and class Il major histocompatibility

to secrete up to 17 ng IFN (equivalent to 75 unit§/éélls) complex (MHC) molecules in immune recognition has been

by enzyme-linked immunosorbent assay (ELISA). Whereasdely documented. CD8cytotoxic T lymphocytes (CTL)

parental EMT6 cells grew unchecked, the growth of genetcognize antigens in association with class | whereas‘CD4

ically modified tumor cells was significantly inhibited inT-helper lymphocytes are activated by antigens presented

immunocompetent mice. Rechallenge of animals that dgy antigen-presenting cells on class Il MHC [10]. One

jected an IFN-transfected EMT6 clone (EMT6-B17) withmechanism by which tumors may evade immune recogni-

parental EMT6 cells resulted in tumor rejection, suggestinign is down-regulation of MHC molecules [11, 12, 16].

that IFNy-transfected EMT6 cells were able to induce longReduced levels of MHC molecules on tumor cells may lead

term immunity. Mixing experiments using gene-transfectad poor presentation of tumor-associated antigens in asso-

and unmodified tumor cells demonstrated that 10% ofation with class | and class Il MHC. By increasing the
expression of MHC antigens on tumor cells, it is possible to
augment the ability of the host to recognize tumor-asso-
ciated antigens and eliminate the tumor. MHC molecules

can be induced on normal and neoplastic cells by exogen-
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The aim of this study was to determine the effect afene under the control of the simian virus (SV40) early promoter
expression of a murine IFNtransgene on the tumorigeni-a"OWEd for selection of transfectants in G418-containing tissue-culture

. : edium. To create the bulk IRNransfected EMT6 cell line, 106
city of the EMT6 mammary carcinoma. The EMT6 tumOE'MTG cells were incubated for 24 h ia-MEM supplemented with

is @ moderately immunogenic carcinoma that forms preey FBS ¢10-MEM). The culture medium was then replaced with
gressing tumors in syngeneic animals. These studies dérsshal0-MEM supplemented with gg/ml polybrene (1,5-dimethyl-

onstrate that the EMT6 tumor is poorly responsive t%)h5'di‘?l,zaundec?m?thylt?]ne-pflyme}hobrotmid;a; Sigm%dStdLC;uiS, MICtJ_-)-
: H € virions containing the retroviral construct were added at a multl-

_eXOQenous IFM StImUIa“O_n Whefeas IFW g_ene tranSfe_r Elicity of infection of 5:1. Infection of EMT6 cells was carried out
induces class Il MHC antigens, increases immunogeniCiiyernight. Tumor cells were then selected at a concentration ofig00
and causes the acquisition of long-term immunity in thel in a10-MEM for 2 weeks. Transfected cells expressing MHC class
host. We also show a correlation between class Il MHICantigens were isolated by fluorescence-activated cell sorting (FACS)
expression in IFNrgene-transfected EMT6 cells and in&nalysis and cloned by limiting dilution.
duction of a murine class Il transactivator (CTIIA) gene.

By expressing class Il MHC antigens, Iittansfected _ )
EMT6 cells may function as antigen-presenting cells arf¢pPw-cytometric analysis

play an important role in the generation of tumor-spemﬂge” surface expression of class | and class Il MHC molecules was

Immunity. determined by flow cytometry with a FACScan fluorescence-activated
cell sorter (Becton Dickinson, Mountain View, Calif.). Parental EMT6
and transfected (EMT6-neo, EMT6 clone B17) tumor cells as well as
B16-F10 melanoma cells were harvested with trypsin/0.02% EDTA,
Materials and methods washed and resuspended in phosphate-buffered saline (PBS)14¥5
cells/ml. All antibody-labeling steps were carried out on ice in the
dark. Antibodies were used at a concentration ofud/1% cells.
Approximately 5x 106 EMT6 tumor cells were stained with fluores-

Female BALB/c mice, 6-8 weeks old (The Jackson Laboratory, Bdgein-isothiocyanate (FITC)-conjugated anti-class 1l MHC monoclonal

Mice

: : : h tibody (mAb) (FITC-I-A; Becton Dickinson, Mountain View,
Harbor, Me.) were used in these studies. Mice were housed in ! f . .
e : : o alif.) and R-phycoerythrin(PE)-conjugated anti-class | MHC mAb
University of Arizona Animal Facility and fed food and water a (PE-H-2D% Pharmingen, San Diego, Calif.) for 30 min. B16-F10

libitum. melanoma cells were similarly stained with anti-#-and anti-H-2
KbDb monoclonal antibodies (kindly provided by Dr. S. Ostrand-
Tumors Rosenberg, University of Maryland, Baltimore, Md.) followed by

FITC-labeled goat anti-mouse Ig antibody. Expression ofyiFécep-
. tors on EMT6 cells was accomplished using anti-yHiceptor-spe-
The EMT6 mammary tumor and the B16-F10 melanoma cell I'nec?‘fic antibodies kindly provided by Dr. Robert Schreiber (Washington

were kindly provided by Dr. Sara Rockwell (Yale University, Ne - } : : -
Haven, Conn.) and Dr. Mary Hendrix (St Louis University, St Loui‘gUnlversny, St. Louis, Mo.). The cells were washed twice with PBS

. ; . containing 0.1% sodium azide and 0.5% bovine serum albumin.
Mo.) respectively. These tumor cell lines were routinely passaged 'Sbeled cells were then resuspended in this buffer and analyzed by

Vivo by.subcutaneous (s.c)) injection.in BALB/c and C57BL/6 MiCay cytometry. When sorting of IFtransfected cells expressing
resp?ctlvel_y and were subsequently disaggregated and cryopreservedlat. | MHC antigens was performed by FACS analysis 107

_7do C. PI’IOI’tdO each e>i|per_|me_r:t, ar]rz;l]hquotuof frozen ce!lstvyas(g]aw& nsfected cells were stained according to the aforementioned proce-
ana passaged minimally In vitro. the celis were maintaneain g, and pright double-positive cells (for class | and Il MHC) were

minimal essential mediumoa¢MEM) (Gibco, Gaithersburg, Md.) : L
supplemented with 10% fetal bovine serum (FBS: Intergen, Purch Colllfigtne-d. Sorted cells were cultured for 48 h before cloning by limiting

N.Y.). The EMT®6 clone B17 cell line was derived by transfection of the

parental EMT6 cell line with a retroviral vector containing the murine

IFNy gene and the neomycin-resistance (Yeyene as a selectable

marker. Control cells (EMT6-neo) were transfected with vector Comna|ysis of IFNy gene expression in transfected cells

taining only the Nebgene. Tumor cells were maintained ctaMEM

supplemented with 10% FBS and 409/ml geneticin (G-418; Gibco, Total RNA was extracted by the Trizol method (Gibco BRL, Gathers-

Gaithersburg, Md.). burg, Md.). The resulting RNA was routinely treated with DNase
(Boehringer Mannheim, Indianapolis, Ind.) and quantified by spectro-
photometry. Equal amounts of RNA (fg) from each source were

In vitro stimulation with interferory reverse-transcribed using the Invitrogen cDNA cycle kit (Invitrogen
Corp., San Diego, Calif.). The cDNA ) was then amplified by the

The effect of IFy stimulation on class | and class Il MHC expressiofpolymerase chain reaction (PCR) using the following yAdtimers,

by EMT6 and B16-F10 tumor cells was determined by incubatingesigned using the OLIGO program (National Biosciences, Playmouth,

5 x 105 tumor cells for 48 h in the presence of IFNGenzyme Co., Minn.):

Boston, Mass.) at various doses ranging from 10 U/ml to 1000 U/ml jpNy sense: 5GACTCCTTTTCCGCTTCCTG 3

culture medium. After incubation, the cells were trypsinized, collectd#Ny antisense: 5CTGGCAAAAGGATGGTGACA 3.

and stained for MHC class | and Il expression by flow cytometry as Histone primers were included as positive controls in the PCR. The

described below. PCR reaction mixture consisted of 0.2 mM dNTP,x1Taq DNA
polymerase buffer (Boehringer Mannheim Corp., Indianapolis, Ind.),
5ul cDNA, 5 pl 2 uM IFNy sense primer (0.AM final concentration),

Transfection of EMT6 tumor cells 5 ul 2 uM IFNy antisense primer (0.RM final concentration), and
1.5 U Taq DNA polymerase (Boehringer Mannheim Corp., Indiana-

A replication-defective retroviral vector containing the mouse \{FNpolis, Ind.) in a 50l total reaction volume. The reaction mixtures

transgene (Viagene Inc. San Diego, Calif.) was used to introduce there treated with 35 cycles of 9€ for 5 s, 56°C for 30 s, and 72C

IFNy gene into EMT6 cells. The expression of the Wiene was for 30 s, following addition of Taq DNA polymerase at 80, using a

under the control of a Moloney leukemia virus (MuMoLV) longthermal cycler (MJ Research Inc., Watertown, Mass.) with an in-

terminal repeat 5promoter. The presence in the vector of the Nesample temperature probe. Samples comprisingil&®sulting PCR
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products were electrophoresed through a 2% agarose gel, stained wigpared for immunizations, one for each group of mice: 100% EMT6-

ethidium bromide and photographed. neo, 100% EMT6 clone B17, 90% EMT6-neo + 10% EMT6 clone
B17, 80% EMT6-neo + 20% EMT6 clone B17, 50% EMT6-neo + 50%
EMT6 clone B17. Fourteen days after the second immunization all

Analysis of CIITA gene expression in transfected cells groups received a challenge injection consisting ok 105 viable
EMT® in the left flank. Tumor growth was then monitored for 26 days.

Total RNA was extracted by the Trizol method (Gibco BRL, Gathers-

burg, Md.) and cDNAwas prepared as described above. The cDNAwas

amplified by touchdown reverse transcriptase/PCR (RT-PCR) [18jatistical analysis

using human CIITA primers [4]. The reactions comprised 45 cycles

of denaturation at 94C for 8 s, annealing at 58C for 30 s and Statistical significance of immunization and tumor challenge studies

extension at 78C for 30 s. The annealing temperature was reduced s determined by logistic regression analysis [13]. This method

42°C in decrements of 0.3C per cycle. This was followed by an relates the logarithm of the odds of tumor rejection to some function

additional 10 cycles consisting of 9€ for 8 s, 42°C for 25 s, 75°C  of the mixture concentration. The logarithms of the odds of tumor

for 25 s (following addition of Taq DNA polymerase at 80); 10l  rejection were proportional to the logarithm of the mixture concentra-

samples of the resulting PCR products were analyzed by electroplion, so that the corresponding logistic regression model used was:

resis through a 1.5% agarose gel. For sequencing, a 470-base-ogifodds of rejection) = —2.5658 + 0.6998log(mixture concentra-

product was ligated to the pGEM-T vector (Promega, Madison, Wistlon) where the coefficient 0.6998 was statistically significant with a

Sequencing of the ligated product was performed on both DNA stranddue of 0.004.

using Sequenase (U.S. Biochemical) as described by the manufacturer.

The identification of mouse CIITA mRNA was based on the alignment

of the nucleic acid and amino acid sequences with the human MHE

class Il transactivator (CIITA) sequence from GenBank. Results

IFNy ELISA Response of EMT6 cells to exogenous fFdlimulation
Parental (EMT6) and transfected (EMT6-neo and EMT6 clone B1Qur first objective was to determine whether EMT6 cells
tumor cells were harvested, washed and adjusteddd® cells/ml in  \yere responsive to IFN stimulation. For this purpose

010-MEM. Aliquots of 10 cells were seeded in 24-well plates (Falco ~ _
3047; Becton Dickinson, Mountain View, Calif.) in triplicate andq“.)arental and mock-transfected (EMT6-neo) tumor cells

incubated for 48 h. The plates were centrifuged and the superataf{g@'® incubated for 48 h with recombinant murine {FN
were harvested, pooled and frozen at C7rior to analysis. Thawed ranging from 10 U/ml to 1000 U/ml and assessed for class |
supernatants were assessed foryfxbduction by ELISA (Genzyme and class Il MHC expression. The data (Fig. 1A) show that
Co' Boston, ass ) ENTo clne 817 o cells were o asseie. evel of consiively expressed cass | MHC anligens
200 Gy irradiation. Supernatants were harvested from irrédiatéﬁanels & b, dashed line) R not increased aftery IFN
cultures on days 2, 4 and 6. stimulation (panels a, b, solid line). Class Il MHC expres-
sion was not induced by IRNreatment (panels c, d, solid
o o S line) compared to unstimulated cells (panel ¢, d, dashed
Determination of biological activity in EMT6 clone B17 supernatant"ne). In contrast. B16-F10 melanoma cells that were

Supernatants were collected from 48-h cultures of ypkoducing !nCIUded as controls (Fig. 1B) de_monstrated a S'g_n'f',cam
EMTS6 clone B17 and concentrated ten times on a Centriprep concéicrease in class | MHC expression (panel a, solid line).
trator (Amicon Inc., Beverly, Mass.). Prior to use, the supernatarféurthermore class Il MHC was induced in these cells (panel
‘évii)ﬁggicj(:lgjltg?:tif/?tytr\‘/\?a;gglsn:slsggnt():;nrg:ggSrir?g?#grEMa?:C:;S:és b, solid line). These results demonstrate that whereas B16-
of class | and class Il MHC antigens by IigXesponsive B16-F10 melanoma cells are responsive to V:Nlmu'at_'on
tumor cells incubated 48 h earlier with cell supernatant. after 48 h, EMT6 cells are not. However, continuous
exposure of EMT6 cells to IFN(100 units/ml) for 7 days
induced a bimodal expression of class Il MHC with a mean

In vivo tumor growth studies fluorescence channel number of 384, which was still lower

Prior to these studies, the in vitro growth kinetics of EMT6 clone Bl*,han that of IFN'tranSfeCted (EMT6, clone 817) Ce”S_
EMT6-neo and parental EMT6 cells were compared. Their growffineéan channel number, 520). This high dose (4000 units)
rates were not significantly different (data not shown). BALB/c micef IFNy over 7 days resulted in only 14% of class Il MHC

were injected s.c. in the right flank with 1Oviable IFNy-gene- protein expression (data not shown).
transfected tumor cells (EMT6 clone B17) in 0.1 ml PBS. Contr(fl)

animals received BOEMT6 cells transfected with vector containing

the neomycin-resistance gene (EMT6-neo). Tumor growth was mon-

itored weekly for 21-28 days. Animals that were tumor-free after Expression of MHC antigens on IRpgene-transfected
months received a s.c. challenge ofsMable EMT6 cells. Tumor EMT6 cells

burden was expressed in terms of tumor volume and calculated using

the formula (length x width?)/2. . . .
(teng ) Following the failure to demonstrate responsiveness by
EMT®6 cells to exogenously administered N¢ifter 48 h,
Immunization and tumor challenge studies we decided to ascertain the effect of Nritansgene on
Naive BALB/c mice were immunized twice s.c. in the right flank o MHC expression. The level of class | MHC expression was
day O (first immunization) and on day 10 (second immunization) wi;hot affected by IFN gene transfection since the fluores-

5 x 10 irradiated (100 Gy) EMT6-neo, EMT6 clone B17 cells or £€nce intensity of control gene-modified cells (EMT6-neo)
mixture of the two at various ratios. Five different tumor inocula werand EMT6 clone B17 cells were similar (Fig. 2a, b). The
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Fig. 2a—d Analysis of MHC class | and |l expression on EMT6 N
transfected cells. Parental EMT6, EMT6-neo and EMT6 clone B17
Fluorescence tumor cells were stained with FITC-conjugated anti-class Il MHC mAb
B K'D" B16-F10 (FITC-I-Ad, Becton Dickinson) ¢, d) and R-phycoerythrin(PE)-con-
a jugated anti-class | MHC mAb (PE-H-2D Pharmingen) & b) as
described in Materials and methods. - - - Isotype controls IgG2a-PE and
IgG2b-FITC for class | and class Il MHC staining respectively.
Abscissdaour log cycles of fluorescence intensity (10104
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Fig. 1A, B Response of EMT6 tumor cells to exogenous interfgron
(IFNy) stimulation. Parental EMT6 and EMT6-neo tumor cells wer
incubated for 48 h with recombinant murine IFKanging from 10 U/ 1114- s
ml to 1000 U/ml (100 U/ml IFN treatment only is shown as a 8307 ==
representative experiment) and assessed for class | and class Il v .,
expression. EMT6 tumor cells were stained with fluorescein-isothi  404- 3
cyanate(FITC)-conjugated anti-class Il MHC mAb (FITC4;Becton 20— - Y
Dickinson) @: ¢, d) and R-phycoerythrin-conjugated anti-class | MHC 2427 = £ E ) -

mAb (PE-H-2DY, Pharmingen)A: a, b) as described in Materials and
methods. B16-F10 melanoma cells were included as controls ¢
similarly stained with anti-I-A (B: a) and anti-H-2 K Db (B: b)
monoclonal antibodies followed by FITC-labeled goat anti-(mouse 1g)
antibody. --- Isotype controls for class | and class || MHC stainirigd. 3A, B Gene expression by IRNransfected EMT6 cells. 1FN
respectively, - - - unstimulated cells, —— IMtimulated cells. transfected EMT6 tumor cells (EMT6 clone B17) were analyzed for
Abscissaour log cycles of fluorescence intensity (L0104 gene expression by reverse transcriptase/polymerase chain reaction
(RT-PCR). The PCR product of IFNs 293 bp.Lane 11-kb ladder;
lane 2 PCR control (no cDNA template)anes 3 5, 7 RT controls

transfer of the IFN gene into EMT6 cells resulted in(mMRNA, without reverse transcriptase, obtained from EMT6 clone

; ; A B17, and unmodified EMT6 and EMT6-neo tumor cells respectively);
induction of class Il MHC (I A, EMTG clone B17, panel lane 4cDNA obtained from EMT6 clone B17ane 6cDNA obtained

d). In contrast, cells transfected with vector containing ﬂ?t%m unmodified EMT6 tumor cellsjane 8 cDNA obtained from
selectable marker (Ngogene (EMT6-neo) did not expressEMTs-neo tumor cells. As a control, PCR was performed using histone
class Il (panel c), and the constitutive expression of clasgrimers b) on cDNA from EMT6 clone B17léne 2, EMT6 (ane 3,
was unchanged (panel a). and EMT6-neolane 4 cells
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1 2 3 4 5 6 7 Gene expression by IRNransfected EMT6 cells

4 : In order to determine whether the transgene was expressed
900 in transfected tumor cells, total RNA was isolated, reverse-
692- c transcribed to cDNA and analyzed by RT-PCR. The results
500— - -— — . (Fig. 3A) demonstrated that IRNransfected EMT6 clone
404— o —_— B17 cells (lane 4) expressed the Fidansgene. In contrast,
320— unmodified parental EMT6 (lane 6) and EMT6-neo tumor
249~ cells (lane 8) did not express the Iifigene. As a control,
190 - ; PCR was performed using histone primers (Fig. 3B) on

: cDNA from EMT6 clone B17 (lane 2), EMT6 (lane 3) and
A, EMT6-neo (lane 4).

Fig. 4 Expression of CIITA gene in IFftransfected and IFN

stimulated EMT6 cells. cDNA obtained from IfpMransfected and

IFNy-stimulated EMT6 cells was analyzed by touchdown RT-PCR

using human CIITA primerdgnes 3—7. The PCR product of ClITAis Expression of CIITA gene in transfected EMT6 cells

471 bp.Lane 1molecular weight marker Vllilane 2PCR control (no

cDNA template);lane 3 cDNA obtained from EMT6 cellsjane 4 . . . -

cDNA obtained from EMT6 cells stimulated with 100 U/ml IifNane Since it has been Shown that IEI\hductlon of Class, Il

5 cDNA obtained from EMT6-neo cellsane 6cDNA obtained from MHC requires expression of the class Il transactivator
EMT6-neo cells stimulated with 100 U/ml IRN lane 7 ¢cDNA (CIITA) in humans [4, 23], we hypothesized that class Il

umor cells

Fig. 5A,B Sequence alignment A 1 AGACCTGGATCGTCTCGTGCAGACCCAGAGGCTGAGAAACCCCTCAGAAGATGCAGCCAA 60
and protein homology of mouse ERRRAN PUREELRREE FREEEE BEEED R LEREE HEr

CIITA gene.A Alignment of 2902 AGACCTGGGAAAGCTTGTGCAGACTCAGAGGACGAGAAGTTCCTCGGAAGACACAGCTGG 2961
mouse CIITA fop strand and . . . . . .
human CIITA pottom strand 61 GGATCTTCCTGCCATCCGGGACCTTAAGAAGCTAGAGTTTGCGTTGGGCCCCATCTTGCG 120
2902-3330 bp) nucleotide PEEED LRV b SRR LErer b PEREERrer teeeer e
sequenceDashesindicate 2962 GGAGCTCCCTGCTGTTCGGGACCTAAAGAAACTGGAGTTTGCGCTGGGCCCTGTCTCAGG 3021
identity. B Polypeptide sequence . . . . . .
similarity between mouse and 121 CCCGCAGGCTTTCCCCACACTGGCAAAGATCCTTCCAGCCTTCTCTTCTCTGCAACACCT 180
human CIITA. Identical amino FEE BRIV EREE L PEOEee 0 berre te v bente 1 i
acids are indicated bgashesand 3022 CCCCCAGGCTTTCCCCAAACTGGTGCGGATCCTCACGGCCTTTTCCTCCCTGCAGCATCT 3081
similar amino acids are indicated . . . . . .

by dots The human CIITA 181 GGACCTGGACTCACTTAGTGAGAACAAGATCGGAGACAAGGGTGTGTCGAAGCTCTCAGC 240
primers are not represented in the FEreeerrr 0 et e e r b e reriert ber rreteeenng
figure 3082 GGACCTGGATGCGCTGAGTGAGAACAAGATCGGGCACGAGGGTGTCTCGCAGCTCTCAGC 3141

241 CACCTTCCCTCAGCTGAAGGCCCTGGAGACGCTCAACTTGTCCCAAAACAACATCACTGA 300

Feeeeerer reeererer rr veer by vibee FPerrrer rrerrrienerng
3142 CACCTTCCCCCAGCTGAAGTCCTTGGAAACCCTCAATCTGTCCCAGAACAACATCACTGA 3201

301 TGTGGGTGCCTGCAAGCTTGCAGAAGCCCTGCCAGCCCTAGCCAAGTCCCTCCTAAGGCT 360

I I I T A I O U O T O O O FEEer e ekt
3202 CCTGGGTGCCTACAAACTCGCCGAGGCCCTGCCTTCGCTCGCTGCATCCCTGCTCAGGCT 3261

361 GAGCTTGTACAATAACTGCATCTGTGACAAAGGAGCCAAGAGCCTGGCACAAGTACTTCC 420
FEETEERRRE R e it FErerr ey e 0o vl
3262 AAGCTTGTACAATAACTGCATCTGCGACGTGGGAGCCGAGAGCTTGGCTCGTGTGCTTCC 3321

421 GGACATGGT 429 Mouse
[NRERURRN!
3322 GGACATGGT 3330 Human

B 1 DLDRLVQTQRLRNPSEDAAKDLPAIRDLKKLEFALGPILRPQAFPTLAKILPAFSSLQHL 60
R N e N e AR R R R R P N PR R RRN N
930 DLGKLVQTQRTRSSSEDTAGELPAVRDLKKLEFALGPVSGPQAFPKLVRILTAFSSLQHL 989

61 DLDSLSENKIGDKGVSKLSATFPQLKALETLNLSQNNITDVGACKLAEALPALAKSLLRL 120

N R RN R R RN RN RN R R R RN RN R RN R AR RN AN
990 DLDALSENKIGDEGVSQLSATFPQLKSLETLNLSQNNITDLGAYKLAEALPSLAASLLRL 1049

121 SLYNNCICDKGAKSLAQVLPDM 142 Mouse
FEPLELEEL PRl
1050 SLYNNCICDVGAESLARVLPDM 1071 Human
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Table 1 Interferony (IFNy) production by IFN-transfected EMT6 Table 2 Effect of irradiation on IFN production by EMT6 clone B17.
cells. IFNy production was determined by ELISA (Genzyme) in 48-FEMT6 clone B17 tumor cells were examined by ELISA (Genzyme) for
cell-culture supernatants obtained from EMT6, EMT6-neo andy@FNlong-term production of IFMafter treatment with increasing doses of
transfected EMT6 clone B17 tumor celldD not detectable <125 pg/ gamma irradiation. Values represent meansSD of triplicate super-

ml). Values represent meanss SD of triplicate supernatants natants
IFNy production Dose IFN production

(Gy)

Cell line (pg mtt (106 cellsy U ml-1 (10 cells)? Day 2 Day 4 Day 6
U ml-1 (106 cells}t U ml-1 (106 cellsy! U ml-1 (106 cells)?

EMT6 ND ND
EMT6-neo ND ND 50 11.7£1.78 11.6t0.61 12.5+0.40
EMT6 clone B17 16,706-1.33 74.8-0.00 100 6.63t0.74 8.34-1.78 8.83t0.12

200 8.52t1.61 13.2-1.08 15.5£0.12

clone B17) would correlate with expression of the CIITA

gene. Since the mouse CIITA homolog has not bedegnes 7, 4, 6) that was not detectable in unstimulated EMT6
characterized, we used human CTIIA primers to assemsd EMT6-neo cells. (Fig. 4, lanes 3, 5). Similar expression
gene expression by touchdown PCR. The data show tl&tCIITA was observed in all class-ll-expressing clones
EMT6-B17 cells and also IFNstimulated EMT6 and analyzed (data not shown). Search of GenBank revealed
EMT6-neo cells expressed a 471-base-pair product (Fig.tdat the sequenced RT-PCR product showed highest simi-
larity to human CIITA cDNA. Sequence alignment revealed
79% identity with the human CTIIA gene spanning base
pairs 2902 and 3330. (Fig. 5a). The identity at the protein
kbDb level was 81% (Fig. 5b). These findings demonstrate that

a IFNy-transfected EMT6 cells in which class Il MHC anti-

gens are induced also express a mouse gene that is similar

to the human CIITA gene.
EMT6-CLONE B17

Supernatant

Unstimulated

Secretion of IFN by gene-modified EMT6 cells

£ 100U/mI IFN
ey The amount of IFN secreted by transfected EMT6 cells

was determined by ELISA (Genzyme) on supernatants of

p . ::/ 48-h cell cultures obtained from parental EMT6 and trans-
I - fected (EMT6-neo and EMT6 clone B17) tumor cells
Ab (Table 1). The results showed thaté1BMT6 clone B17

b tumor cells secreted 16 700 pg/ml IFkequivalent to 75 U/
ml) whereas EMT6-neo and parental EMT6 cells did not
produce any detectable IFNless than 125 pg/ml). The

f\Unstimuiated presence of biological activity in IFjNsecreted by trans-

- fected cells was confirmed by the ability of supernatants

- / EMT6-CLONE B17 collected from 24-h EMT6 clone B17 cultures to increase
.\ Supernatant membrane class | MHC expression (Fig. 6a) and induce

class Il MHC expression (Fig. 6b) in B16-F10 tumor cells.

-
.

o Effect of irradiation on IFN secretion by transfected EMT6
cells

FLUORESCENCE — L .
We assessed the effect of gamma irradiation on the ability
Fig. 6a, b Determination of biological activity in EMT6 clone B17 of EMT6 clone B17 cells to secrete IfNsince non-
culture supernatants. Supernatants were collected from 48-h culturepecmicaﬂng cytokine-producing tumor cells would constitute

IFNy-producing EMT6 clone B17 and concentrated ten times. Prior ; ; ; P, ; ;
use, the supernatants were diluted to the original concentratiofOn fRe most desirable vaccine in the clinical setting. For this

MEM medium. Biological activity was assessed by measuring tRHrPose IFN-producing EMT6 clone B17 cells were
membrane expression of class | and class Il MHC antigens by-IFNgamma-irradiated and analyzed for NFiNroduction. The
responsive B16-F10 tumor cells incubated 48 h earlier with cefata (Table 2) show that, even at high doses of irradiation

supernatant. B16-F-10 melanoma cells treated with recombinant m ; ; il
ine IFNy (100 U/ml) were included as controls. Tumor cells Wer(gﬁoo Gy), transfected cells still retained the ability to

stained anti-H-2 K Db (a) and with anti-I-# (b) monoclonal antibod- S€crete IFN albeit at much lower levels. Irradiation doses
ies followed by FITC-labeled goat anti-(mouse Ig) antibodlgscissa above 50 Gy did not further decrease NrNroduction.
four log cycles of fluorescence intensity Furthermore, IFN was detectable in culture supernatants
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DAYS POST INJECTION

for up to 6 days after high-dose irradiation (200 Gy)ig. 7A, B In vivo growth of EMT6 clone B17 and EMT6-neo tumor

ivnifi ; inti ; cells. Sixteen BALB/c mice (8 animals/group) were injected with
S-Igmﬂ]?a?tly' Illiri'/ldll'actlog Td nott ar‘]ﬁeCt the level of expreseither 16 viable EMT6 clone B17 A) or EMT6-neo B) in 0.1 ml
sion or class (data not shown). PBS in the right flank. Tumor growth was monitored for 28 days. Each

line represents tumor growth in individual animals

In vivo tumor growth of IFN~transfected EMT6 cells _ ) )
rejected the tumor challenge remained tumor-free until they
In vivo growth of IFNy-transfected EMT6 cells was deterWere terminated on day 56. These results demonstrate that
mined in euthymic BALB/c mice. Mice were injected eitheEMT6 clone B17 cells are capable of inducing protection
with 106 viable EMT6 clone B17 (Fig. 7a) or EMT6-neo2dainst subsequent challenge with parental, unmodified
(F|g 7b) Tumor growth was monitored for 28 days_ Thglmor Ce”s, and that 10% EMT6 clone B17 tumor cells
data demonstrated that tumor growth was inhibited in 7 out
of 8 mice injected with EMT6 clone B17 (100% positive 100
for MHC class Il expression) with rejection occurring in 1
mouse. In contrast tumors grew progressively in all @
animals injected with EMT6-neo cells. By day 282
EMT6-neo tumors had reached a maximum of 48003m 70 (709 +-402)

90

whereas the majority of tumors in animals injected with the  J &g
>S5 s2szatere] (1176+/- 953)
IFNy-transfected EMT6 clone B17 were below 1000 fnm & v T
T 50 pEmzmiea  pnea
= st Bess (1684+/- 958)
S w0 fEoEE  EEn Ciiissiies
Pt I Ghihiazes
. . . . @ i N sositit
D | t ft t t d I _ ey Y T
evelopment Of tumor resistance In vaccinated animals < 30— przzzesisy precees Tiiiieeed (1111 47 034)
= 1EEA025000 Basiniiis R
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The ability of IFNy-transfected tumor cells to induce e W v R e
. : : : CUR w0 P PR W LA asenon
immunity to wild-type EMT6 cells was studied using & il [Eind Wi bEas  rETE

vaccine-type approach (Fig. 8). Naive BALB/c mice were  © T
immunized twice s.c. on day 0 (first immunization) and at o
day 10 (second immunization) with 8 106 irradiated 2
o
o

100% NEO

(100 Gy) EMT6-neo, EMT6 clone B17 tumor cells or a
mixture of both at various ratios. Animals were challenged
14 days later with an inoculum of £ 106 parental EMT6
cells and tumor growth was monitored for 26 days. When
mice were immunized with 100% EMT6-neo, 11 out of 12
almmaIBSl?evﬁlopet?] tl.JmorS'.ASt. the pttarcerjtage OdefMT:%. 8 Inhibition of tumor growth in immunized mice. BALB/c mice
clone cells In the iImmunization m'x ure mcrgase ro'@z per group) were immunized twice s.c. on day 0 and day 10 with
10% to 100%, the number of animals bearing tumogsx 10s irradiated (100 Gy) EMT6-neo or EMT6-B17 tumor cells or a
decreased in a dose response-fashion (Fig. 8). Immunimaxture of the two at various ratios. Fourteen days after the second
tions with 100% EMT6 clone B17 cells followed byimmunization all groups received a s.c. challenge consisting &f 10

: . jable parental EMT6 cells. Tumor growth was monitored for 26 days
challe_ngg Wltrg paren_tal EMT6 cells resultgd N tumo, fter tumor challenge. Numbers in parentheses represent mean tumor
rejection in 67% of animals (8 out of 12) and in the lowesblume (mns) in those animals that did not reject tumors in each

mean tumor volumes (709 n#n(Fig. 8). Animals that treatment group

50% B17 + 50 % NEO
20% B17 +80% NEO



106

in the immunization mixture is sufficient to induce immuthat continuous exposure of EMT6 cells to Nfér 7 days
nological resistance to wild-type tumor cells. induces class Il MHC.

The transcription of a mouse class Il transactivator
(CHITA) gene in IFNy gene-transfected tumor cells and
not in unstimulated parental or mock-transfected cells
suggests a primary role for IRNn class Il MHC expres-
Discussion sion that involves CIITA as previously reported by others

[4, 23]. The finding that CIITA is expressed in parental or
In this study we sought to increase the immunogenicity ofraock-transfectants stimulated with exogenousyFév 48 h
tumorigenic cell line that is poorly responsive to exogenoutgthout concomitant detection of membrane class Il MHC
IFNy stimulation by transfer of the IFjNgene. The results antigens is consistent with the hypothesis that CIITA is
indicate that expression of the transgene induces classeduired for, and is transcribed prior to the expression of
MHC antigens and considerably increases tumor immundass Il MHC [4, 23]. The transcription of CIITA in these
genicity. The failure of either the class-I-MHC-expressingells suggests that the pathway of signal transduction
EMT6 cells or mock transfectants (EMT6-neo) to inducivolving JAK and STAT proteins [4, 6, 23] upstream of
tumor immunity strongly suggests that Ifduced class CIITA is intact. However, the absence of detectable class I
Il expression plays a significant role in the measureghtigens after 48 h on these cells may be because the
immune response. levels of CIITA are insufficient to induce class Il gene

The demonstration in the current study that irradiategkpression [4].

IFNy-transfected cells continue to secrete {&upports the  The induction of class 1| MHC antigens following CIITA
findings of Gastl et al. using human renal cell carcinongene expression in transfected cells could be a consequence
[9]. What is more important, we provide direct evidencef continued intracellular synthesis of IFNThe mecha-

that immunization with these cells results in the developism of action may be via binding of the secreted protein to
ment of immunity capable of rejecting wild-type tumoriits membrane receptors or via binding of cytoplasmic yFN
genic cells. The ability to induce antitumor responses with components of an intracellular pathway that bypasses
irradiated gene-transfected cells is necessary for this &pese receptors. Previous reports have demonstrated that
proach of immunopotentiation to be used in the clinic fdruman IFN introduced intracellularly by microinjection or

the treatment of cancer. Vaccinating patients with viabgene transfection was able to induce class Il MHC in
replicating tumor cells is not a feasible option. In experimurine macrophages and L cells presumably by interacting
ments in which various percentages of parental EMT6 cellgth transcription factors [20, 22]. In addition, expression
were mixed with IFN-secreting cells, we showed that @f the IFNy transgene may induce transcription of as yet
vaccine preparation consisting of only 10% irradiated genenidentified class 1| MHC promoter-DNA-binding proteins.
modified cells was able to confer partial or complet8ince CIITA does not by itself bind the MHC class Il
protection against a rechallenge with parental cells. Asgtomoter DNA [24], it has been proposed that these DNA-
can be technically difficult and time-consuming to obtaihinding proteins form an obligate complex with CTIIA to
100% gene-modified tumor cells, our experiments indicagetivate class Il genes [18, 27]. These studies indicate that
that significant clinical benefit may be achieved using tie poor responsiveness of EMT6 cells to {Fimulation
small fraction of transfected cells. (demonstrated by its failure to express class || MHC after

Our studies demonstrating induction of class Il MH@8 h) can be rectified by inserting the IfNransgene,
following IFNy gene transfer are different from othemwhich induces class Il MHC gene expression presumably
studies in which either class | was induced or the levelia a ClITA-mediated pathway [4, 23]. Experiments are in
of constitutively expressed class | were increased [7, 14, progress to clone the mouse CIITA gene and to assess its
21, 26]. In all instances, increased class | MHC expressitpie in tumor immunogenicity.
resulted in enhancement of tumor immunogenicity [7, 14,

17, 21, 26]. The induction of class Il MHC and theAcknowledgements The authors thank Mr. Tad Adair and Ms. Barb
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tumor cells may be acting as antigen-presenting cells. In

this role, the tumor cell could either present exogenous
peptides (which may arise from degradation products of
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