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ABSTRACT 

Mice bearmg breast tumors were treated with a single dose of an adenovirus expressing interleukin-12 (AdmlL-

12.1) injected intratumorally, which produced regressions in greater than 7 5 % of the treated tumors; ap

proximately one-third of the animals remained tumor free. Complete regression was associated with i m m u 

nity to secondary challenge with fresh tumor cells. Analysis of local cytokine expression demonstrated 

m a x i m u m expression of IL-12 within the tumor between 24 and 72 hr post-injection, reaching 600-800 ng per 

tumor, with elevated local levels of IL-12 detectable for at least 9 days. This expression was highly localized 

as senun IL-12 peaked at 40-60 ng/ml at 24 hr and was less than 10 ng/ml from day 3 onward. Interferon-y 

(IFN-y) concentrations were markedly increased within the tumor following AdmIL-12.1 administration, 

demonstrating that IL-12 was acting locally. Tumor-draining lymph node cells spontaneously produced IFN-

y following AdmIL-12.1 treatment, suggesting these cells were activated by IL-12. These data demonstrate 

that AdmIL-12.1 can be used to deliver very high levels of localized cytokine production. Moreover, w e have 

confirmed that the IL-12 produced from our vector actually affects the local cytokine environment of the tu

mor and activates responder cells present within the tumor. 

OVERVIEW SUMMARY 

The systemic toxicities associated with many recombinant 
cytokmes can limit their use in vivo for cancer im
munotherapy. W e have directly infected murine tumors in 
vivo with an adenoviral vector expressing interleukin-12 
(IL-12) to generate high intratumoral cytokine levels. This 
treatment lead to tumor regression and long-term immu
nity in those animals whose tumors regressed completely. 
The expression of IL-12 was localized primarily to the tu
mor, resulted in an increase in interferon-y (IFN-y) levels 
within the tumor, and promoted IFN-y expression in the 
cells from the draining lymph node. These data demonstrate 
that adenoviral vectors can he used to produce very high 
levels of cytokine locally. Moreover, we have confirmed that 
intratumoral IL-12 production can alter the local cytokine 
environment of the tumor and activate responder cells pre
sent within the tumor. 

INTRODUCTION 

A MAJOR LIMITATION in the effective treatment of cancer is 
the presence of residual disease and metastases follow

ing standard treatment protocols involving surgical resection, 
chemotherapy or radiation. Many novel therapies are being 
developed in an attempt to overcome this hurdle, including 
immunologic and genetic approaches. Immunologic interven
tion represents one of the more promising strategies, because 
the immune system is uniquely suited to seek out and destroy 
residual tumor cells that may otherwise persist, resulting in a 
recurrence of the maUgnancy. The development of tamor im
munity is inhibited in many ways by the malignant cells dur
ing tumor progression (Abbas et al, 1991). One mechanism 
by which these barriers may be overcome is through stimula
tion of anergic T cells by the addition of exogenous cytokines. 
Systemic administration of cytokines can produce substantial 
antitumor activity but the severe toxicity associated with this 
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approach at effective doses is cause for concem. Several meth
ods have been developed to deliver the cytokine directly to 
the tamor environment so that associated systemic toxicities 
can be reduced (Pardoll, 1995). The approach w e have cho
sen involves direct genetic modification of the tumors in vivo 
using adenovirus (Ad) vectors to deliver cytokine genes, mak
ing the tamor cell a source of cytokine production. A d vec
tors offers many attractive features for in vivo gene transfer: 
(i) they are highly infectious, (u) they can be easily grown to 
high titers, (iii) they can be rendered replication incompetent 
by deletion of the El region, and (iv) they have a cloning ca
pacity of approximately 8 kb, which is ample for insertion of 
any of the cloned cytokine c D N A s (Hitt et al, 1994; Bramson 
et al, 1995). El-deleted first-generation A d vectors have been 
shown to be quite immunogenic (Yang et al, 1994), which, 
although a disadvantage for some gene therapies, may be ben
eficial for immunotherapy because this will limit the duration 
of cytokine expression and could provide adjuvant stimulus 
for the development of antitamor immunity. These viruses 
have been used by several groups, including our own, to trans
fer successfully a variety of genes into tumors in vivo 
(Bramson er aZ., 1995). 

Interleukin-12 (IL-12) is a multifunctional cytokine that has 
attracted much attention for its antitamor properties. IL-12 has 
been shown to enhance the cytolytic activity of nataral killer 
(NK) and cytotoxic T lymphocyte (CTL) cells, is a very strong 
inducer of interferon-y (IFN-y), and appears to be a major de
terminant in the development of a Thl/TCl response (cell-
mediated immunity) (reviewed by Hendrzak and Brunda, 
1995). In mouse models, systemic treatment using recombi
nant IL-12 revealed no serious side effects at doses that lead 
to significant antitumor responses (Brunda et al, 1993; 
Nastala et al, 1994; Zou et al, 1995; Tannenbaum et al, 
1996). Systemic administration of IL-12 in mice and squirrel 
monkeys can result in a reversible, dose-dependent suppres
sion of peripheral blood counts (anemia, leukopenia, throm
bocytopenia) and splenomegaly associated with enhanced 
splenic extramedullary hematopoiesis (Gatley et al, 1994; 
Sarmiento et al, 1994; Tare et al, 1995). Phase I trials of sys
temic IL-12 treatment in renal cell carcinoma have been com
pleted and although phase II trials were temporarily suspended 
due to apparent toxicity, the toxicity has been overcome and 
the trials have been resumed (Cohen, 1995). As mentioned 
above, direct delivery of IL-12 to the tumor mass should re
duce associated systemic effects. A number of gene transfer 
vectors have been developed that express this cytokine, in
cluding vectors based on Ad, retroviruses, and vaccinia virus 
(Bramson et al, 1996; Zitvogel et al, 1994; Meko et al 
1995). 

In the stadies described here, we have investigated the out
come of direct injection of the Ad expressing IL-12 
(AdmIL12.1) into subcutaneous murine tamors using a trans
genic mouse model of metastatic breast cancer (Guy et al, 
1992). W e show that a single dose of AdmIL-12.1 can effec
tively induce tumor regression, resulting in subsequent immu
nity to rechallenge with fresh tumor cells. Moreover, the ex
pression of IL-12 within tiie tamor appears to be localized and 
causes local increases in IFN-y production and activation of ef
fector cells draining from the tamor. 

MATERIALS AND METHODS 

Animals and reagents 

Six- to 8-week-old FVB/n female mice were obtained from 
Tacoiuc Laboratories and housed in a specific pathogen-free fa
cility until use. Recombinant murine IL-12 was purchased from 
Pharmingen and murine IFN-y was obtained from Boehringer 
Mannheim. Rabbit anti-IL12 and anti-IFN-y polyserum were 
kindly provided by Steven L. Kunkel (University of Michigan, 
Ann Arbor). The anti-IL12 serum recognizes p35, p40, and p75 
by Westem blot and neutraUzes recombinant murine IL-12 in 
a bioassay in vitro (data not shown). These antisera did not 
cross-react with each other or with a battery of other murine 
cytokines that included tamor necrosis factor (TNF), inter
leukin-1 a/3 (IL-la/3), IL-2, IL-4, IL-5, IL-10, monocyte 
chemotactic peptide-1 (MCP-1), and macrophage inflammatory 
peptide-la (MlP-la) (Chensue et al, 1995). All cell culture 
media and reagents were obtained from G I B C O and tissue cul
ture dishes and ELISA plates were from N U N C . 

Adenoviral vectors 

Vimses were propagated on 293 ceUs (Graham et al, 1977) 
and purified by cesium chloride gradient centrifugation as de
scribed by Hitt et al. (1994). Constiiiction and characterization 
of an A d vector expressing murine IL-12, AdmIL12.1, has been 
described previously (Bramson et al, 1996). The AdS-based re
combinant system used to produce these vectors allows for the 
insertion of expression cassettes in either the El or E3 region 
of Ad5 (Bett et al, 1994). The expression cassette for die p35 
subunit of IL-12 is in tbe El region of AdmILI2.1 and the IL-
12 p40 subunit cassette is in the E3 region. Expression of each 
IL-12 c D N A is driven by the human cytomegalovims (HCMV) 
immediate early gene promoter and terminated by the 
polyadenylation signal of S V40, and tt-anscription is in die same 
direction as the El and E3 transcription units they replace. The 
control adenovims, (iZ70-3, is a mutant of Ad5 deleted in El 
and having a deletion/substitation in E3 (Bett et al, 1994). 

Tumor studies 

The tamor model used in this stady is based on a ttansgenic 
sttain described by Guy et al. (1992) tiiat harbors tiie polyoma 
middle T antigen (PyMT) gene under die control of die mouse 
mammary tumor vims long terminal repeat (LTR). Female 
ttansgenic mice undergo spontaneous ttansformation of the 
mammary epithelium by 8-10 weeks of age. These tamors can 
be excised and ttansplanted ectopically to syngeneic FVB/n 
mice (e.g., by subcutaneous injection into the hind flanks), 
where they will induce tumors and grow indefinitely (typically 
the animals must be sacrificed at 40-60 days). Briefly, tamors 
were established in syngeneic mice as follows: tamors were ex
cised from euthanized ttansgenic mice and a unicellular sus
pension was prepared as described previously (Addison et al, 
1995a). A n aliquot of 10^ tumor cells was injected subcuta
neously in the right hind flank of normal FVB/n mice. 
Approximately 21 days later, visible tamors bad developed in 
all the recipients and at this time die mice were injected intta
tumorally witil the appropriate concenttation of vuus in a vol
ume of 50 pl. In experiments where anti-IL12 antibody was 
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used, die antiseram was delivered 4 hr prior to viras injection 
on day 1 and again on days 3 and 5 as described by Chensue 
et al (1995) (tiie antibody half-life in seram is 50 hr). Tumors 
were measured biweekly using caUpers and the tumor volume 
as calculated from the longest diameter and average width, as
suming a prolate spheroid. The animals were sacrificed when 
the longest diameter was greater than 20 m m or when any two 
measurements were greater than 10 m m . 

Cytokine ELISA 

At specified times, blood was drawn from the retro-orbital 
sinus of randomly selected mice and tumors were removed from 
euthanized mice and snap-frozen in liquid nittogen. Frozen tis
sue was homogenized in PBS (0.5-1 ml, depending on tamor 
size) containing 100 p M phenylmethylsulfonyl fluoride 
(PMSF) and 10 pglml aprotonin. The homogenate was then 
sonicated twice for 10 sec and cleared by centrifugation in a 
microfuge for 5 min at room temperature. Animal sera and tu
mor homogenates were stored at -20°C. 

The IL-12 and IFN-y ELISAs were performed as described 
previously (Chensue et al, 1995). Briefly, flat-bottomed 96-
weU microtited plates ( N U N C Maxisorp) were coated ovemight 
with polyclonal rabbit antiseram (18 pglml anti-IL-12; 10 
/Ag/ml anti-IFN-y) at 4°C. The day of the assay, the wells were 
washed three times and nonspecific binding was blocked using 
2 % bovine seram albumin in P B S for 90 min at 37°C. The 
blocking buffer was removed and the wells washed three times. 
The samples were then added and incubated at 37°C for 60 min. 
The weUs were washed five times and biotinylated antibody 
was added (18 pglml anti-IL-12; 4 pglml anti-IFN-y) followed 
by a 45-min incubation at 37°C. The plates were washed three 
times and avidin-conjugated horseradish peroxidase (Bio-Rad) 
was added and incubated 30 min at 37°C. The plates were again 
washed three times, the peroxidase substrate O P D (Pierce) was 
added, and the reaction was terminated after 5 min by the ad
dition of 3 N H2SO4. Recombinant proteins were included in 
each analysis and the ELISAs were consistentiy sensitive to 50 
pg/ml. 

Statistical analysis 

All data are expressed as mean ± S E M and compared using 
an unpaired, two-tailed Stadent's Mest. The statistics were cal
culated using Statview 512-I- on a Macintosh Ilci (Abacus 

Concepts, Inc., Berkeley, C A ) . 

RESULTS 

Antitumoral activity of AdmIL-12.1 

Previous studies using A d vectors expressing IL-2 and IL-4 
to tteat P y M T tumors demonsttated that direct injection of 5 X 
10^ plaque-forming units (pfu) was most efficacious (Addison 
et al, 1995a,b). Therefore, w e used this dose of AdmIL-12.1 
initially and compared it to tbe effects of a conttol vims, dllO-
3, which lacks the El region making it repUcation deficient. 
The tumors were injected with viras on day 21 following im
plantation of tumor cells on the right hind flank and animals 
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FIG. 1. Induction of tamor regression following inttatumoral 
injection with AdmIL-12.1. Tumors were tteated with either 
AdmIL-12.1 or dllO-3 as described in the Materials and 
Methods. A and B represent the same experiment, but the data 
in B have been replotted to display the results following 
AdmIL12.1 treatment in greater detail. (O) Conttol viras-
treated samples; (•) animals tteated with AdniIL12.1; (D) an
imals treated with AdmIL12.1 concomittantly with anti-IL12 
polysemm. 

were subsequently monitored on a regular basis to follow tu
mor progression. Injection of the conttol vims did not prevent 
tumor growth (Addison et al, 1995a) (Fig. IA, open circles). 
In conttast, AdmIL-12.1 treatment resulted in substantial re
duction in tumor volume (Fig. IB, closed squares). In the ex
periment shown in Fig. 1, the mean tumor volume at the time 
of injection for the AdmIL-12.1 tteated group was 76.8 ± 17.9 
m m ^ and by day 20 the mean volume had diminished to 32.2 ± 
6.4 m m ^ (p = 0.573). This effect was cytokine dependent be
cause when neuttalizing antibody to IL-12 was delivered at the 
same time as the vims, the antitumor effects were abrogated 
(Fig. IA, open squares). Normal rabbit semm had no effect on 
the outcome of AdniIL-12.1 therapy (data not shown). 
Treatment with AdmIL-12.1 produced regression in 28/36 tu
mors (78%), and 11/36 (32%) of the animals have remained ta
mor free for the duration of the experiment, and in some cases 
greater than 1 year (Fig. 2; Table 1). In the remaining 8 ani
mals, five tamors remained static for a period of 2-3 weeks, at 
which point they resume growth, whereas the other three ta
mors displayed no response. The results from six experiments 
(36 animals tteated with AdmIL-12.1) are summarized in Table 



1998 
BRAMSON ET AL. 

AdmIL-12.1 (n=36) 
dno-3 (n=34) 

Day following intratumoral injection 

FIG. 2. Long-term survival following tteatment with AdmlL-
12.1. The survival of the experimental animals is plotted as a 
function of time. (O) rf/70-3-treated tumors (n = 34); (•) 
AdmIL 12.1-tteated tamors (n = 36). 

1. The overall response rate was 9 2 % , clearly demonsttating 
the potency of this therapy. None of the arumals in the stady 
tteated with rf/70-3 (n = 34) showed evidence of a response. 
Even among those animals whose tumors did not completely 
regress, mean survival following vims injection was increased 
approximately two-fold [28 ± 3 days (dnO-3) vs. 52 ± 4 days 
(AdmIL-12.1);p = 0.0001]. W e observed similar results using 
2.5 X 10* pfu AdmIL-12.1 per treatment, but increasing the vi
ral load to 2 X 10' pfu AdmIL-12.1 per tamor did not improve 
the outcome (data not shown). W e also found that using as low 
as 5 X 10^ pfu AdmIL-12.1, we could achieve complete re
gression in 1 of 4 tteated animals. Thus, the AdmIL-12.1 tteat
ment seems to have a wide window of activity. W e did not ob
serve any gross side effects of the treatment, although 1 animal 
out of 37 died after tteatment with AdmIL-12.1. It was not clear, 
however, that the death was cytokine related. 

Table 1. Summary of Responses Following 
Intratumoral Injection of AdmIL-12. P 

Complete 
regression^ 

Partial 
regression'̂  

Growth 
delay'̂  

No 
response 

11 17 

Complete response = 11/36 (31%); overall response = 33/36 
(92%). 

^Animals with established tumors were treated inttatumorally 
with 5 X 10* pfu AdmIL-12.1 and the resultant changes in 
tumor volume were measured regularly. The table summarizes 
the results of six experiments involving 3-9 animals each. 

'Tumors regressed completely and did not return for at least 
2 months. 

•^Tumors initially regressed to less than 5 0 % of the initial size 
but were not eliminated and eventually returned. 

''Tumors displayed no change in tumor volume for at least 2 
weeks following tteatment. 

T u m o r regression is associated with 
long-term immunity 

One of die objectives of cytokine immunotherapy is to in
duce immunity against the tteated tumor and, thus, protect 
against recurrence and metastatic spread. To test whether 
AdniIL12.1 tteatment could produce long-term immunity, the 
11 animals that had been cured were rechallenged with fresh 
tumor cells on the opposite flank 2-3 months following disap
pearance of the primary tamor. Ten of die 11 animals were re
sistant to rechallenge, whereas all conttol mice developed ta
mors at the usual time (approximately 2-3 weeks 
post-challenge). Only I animal was not completely resistant to 
rechallenge; however this mouse did demonsttate a delay in ta
mor appearance by greater than 3 weeks compared to the con

ttols. 

Expression of IL-12 following intratumoral injection is 

localized to the tumor 

To determine the extent of localization of IL-12 within the 
tumor mass, a time course of IL-12 expression following in
tratumoral injection of either A d m I L 12.1 or dllO-3 was per
formed across a period of 2 weeks. Animals were injected with 
5 X 1 0 * pfu of either AdmIL-12.1 or dnO-3 and 2 animals from 
each group were sacrificed at various times to quantify the IL-
12 levels in the s e m m and within the tamor (Fig. 3). W e com
pared inttatamoral expression of IL-12 to seram IL-12 in Fig. 
3a by approximating total IL-12 in the semm, assuming a total 
blood volume of 2 ml per animal, which would yield 1 ml of 
semm. The peak expression of IL-12 reached approximately 
800 ng within the tumor mass, yet never exceeded 60 ng/ml in 
the semm. Moreover, IL-12 expression in the tumor peaked be
tween 24 and 72 hr whereas s e m m IL-12 was maximal at 24 
hr post injection (60 ng/ml) and by 72 hr seram IL-12 was re
duced to less than 10 ng/ml. Thus, IL-12 expression appeared 
to be primarily localized to the tamor with Uttie dissemination 
in the circulation. Both inttatamoral and seram IL-12 were de
tectable by ELISA throughout the 14-day experiment. IL-12 ex
pression was also slightiy elevated in tbe d/70-3-tteated tumors 
(Fig. 3b), most likely due to the host response to A d infection. 
Over the course of the experiment, the tumors in the conttol 
group increased in size, whereas those ofthe AdmIL-12.1 group 
began to regress. Therefore, the data in Fig. 3b were normal
ized to tumor mass to take into account the changes in tumor 
volume. 

Expression of IL-12 within the tumor causes increases 
in local IFN-y production 

Induction of IFN-y production is a well-defined characteris
tic of IL-12 treatment and it has been shown that IFN-y is re
quired for at least part of the antitumor properties of IL-12 
(Nastala et al, 1994; Bmnda et al, 1995; Zou et al, 1995). W e 
have examined the expression of IFN-y within the tumor as an 
indicator of local changes within the cytokine environment 
caused by AdmIL-12.1. In the tumors injected widi AdmlL-
12.1, we observed a very rapid increase in the local concentta
tion of IFN-y (Fig. 4; the data was normalized to tumor vol
ume as described in the previous paragraph). It is notable that 
IFN-y production reached maximum levels from days 6 to 9, 
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FIG. 3. Comparison of inttatamoral expression of IL-12 and 
semm IL-12. Following inttatamoral freatment with 
AdmIL12.1 (M,0) or dllO-3 (•), 2 animals were sacrificed on 
days 1, 3, 6, 9, and 14 and the IL-12 concentration was mea
sured in both their tamors and seram. IL-12 expression in ta
mor homogenates and sera was measured using an ELISA as 
described in Materials and Methods. These results represent one 
of two experiments with similar results. A. Total IL-12 in the 
tamor (•) following inttatumoral injection of 5 X 10* pfu 
AdmIL 12.1 is compared to total IL-12 in the semm (D). Total 
semm IL-12 was approximated by assuming a total blood vol
ume per mouse of 2 ml yielding 1 ml of semm. B. Infratamoral 
expression of IL-12 following injection of 5 X 10* pfu 
AdniIL12.I (•) or dllO-3 (•). Tbe IL-12 expression was nor
malized to the tamor mass as an indication of local "concen
ttation." 

after the IL-12 expression had begun to decUne (compare Fig. 
4 vs. Fig. 3b). The levels of IFN-y were three- to five-fold higher 
in the AdmIL-12.1-freated tamors than the conttol group at day 
6. The conttol viras also induced an increase in IFN-y expres
sion, but this did not reach the same level as the AdmIL-12.1 
tteatment and was probably a consequence of an antiviral re

sponse. 

AdmIL-12.1 treatment induces IFN-y expression in 

draining lymph node cells 

To demonsttate a direct effect of AdmIL-12.1 tteattnent on 
the effector cells present witiiin the tumor, we removed die 

"a, 

z 

Day 

FIG. 4. Increased local IFN-y expression following tteatment 
with AdmIL12.1. The AdmIL 12.1-tteated tamors (•; two sam
ples per day) were screened for the expression of IFN-y and 
compared to (iZ70-3-tteated tumors (•; two samples per day). 
The IFN-y expression was measured in tumor homogenates us
ing an ELISA as described in Material and Methods. IFN-y ex
pression was then normalized to the mass of the tamor as an 
indication of "concenttation." 

lymph nodes draining the tumors (TDLN) and determined the 
IFN-y production from the T D L N cells after 24 hr in culture 
(Fig. 5). The T D L N cells from all the AdmIL-12.1-tteated an
imals secreted high levels of EFN-y, whereas only half of the 
lymph nodes from the rf/70-3-freated animals expressed any de
tectable IFN-y. Taken together, these data indicate that infra
tamoral injection of AdmIL-12.1 produces tamor regression 
that is associated with local changes in the cytokine environ
ment of the tumor. 

A B A B 
AdIL12 dno-3 

Day 3 

A B A B 
AdIL12 dJ70-3 

Day 5 

A B A B 
AdIL12 dno-3 

Day? 

FIG. 5. IFN-y production by draining lymph node ceUs. Cells 
were harvested from the draining lymph nodes of mice (two 
per day) freated with dllO-3 (open bars) or AdmIL12.1 (cross-
hatched bars). The cells were incubated for 24 hr in vitro at a 
density of 10^ cells/ml, and the IFN-y in the medium was de
termined by ELISA. IFN-y production in the culture super
natants was normaUzed to 10* cells. 
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DISCUSSION 

Systemic toxicities associated with immunotherapy might be 
overcome if cytokine expression were locaUzed to the tamor 
site. Our approach to this problem is to use A d vectors to mod
ify tamor cells genetically with cytokine c D N A s so that the tu
mor cells can supply the cytokine of interest in a paracrine fash
ion to the antitamor responder ceUs present within the tumor. 
Using an A d vector expressing niIL-12, w e have shown that a 
single injection of the viras can lead to complete tamor re
gression in > 3 0 % of the cases with an overall response rate of 
> 9 0 % . This response was similar to that observed with other 
A d vectors expressing IL-2 or IL-4 (Addison et al, 1995a,b; 
Cordier et al, 1995), whereas vectors expressing IL-5 or IL-6 
had little or no effect (T. Braciak, unpublished data). In con
frast to the AdmIL-12.1 tteatment, the IL-2- and IL-4-express-
ing vectors exhibited toxicity at doses needed to induce re
gression (Addison et al, 1995a, 1995b), whereas there were no 
obvious toxic side effects associated with AdmIL-12.1 tteat
ment. W e have observed one death following tteatment of 37 
animals with AdmIL-12.1, but it is not clear that the vector 
alone was responsible for that death. W e found that similar re
suhs could be achieved using 2.5 X 10* and 5 X 10* pfu 
AdmIL-12.1 and that complete regression could be achieved in 
1 out of 4 animals using as little as 5 X 10^ pfu A d m I L 12.1 (I. 
Bramson, unpublished data). Thus, it seemed that AdmIL-12.1 
has a relatively broad window of therapeutic activity. Increasing 
the viral load to 2 X 10' pfu did not improve the outcome, so 
it does not appear that the failure to induce complete regres
sion can be explained by the quantity of AdmIL-12.1 being lim
iting, although the duration of expression may play a factor. 

Zitvogel et al. (1995) have used fibroblasts ttansduced with 
a rettoviral vector expressing murine IL-12 to successfully tteat 
pre-estabUshed tumors. A n antitumor response was observed 
whether the fibroblasts were implanted at the tamor site or at 
a distant site, indicating that circulating levels of IL-12 played 
an important role in the antitamor activity of IL-12 in that 
model. The authors do state that the "antitamor effects were ob
served more rapidly" when the cells were injected at the tamor 
site, suggesting that local expression was more effective. It is 
not clear in our model what role circulating IL-12 plays in the 
antitumor response and it is quite possible that the low level of 
s e m m IL-12 we have detected may be beneficial in our ther
apy. The advantage of AdmIL-12.1 over the retrovims is that 
the tumor cells could be ttansduced directly, without the need 
to culture autologous fibroblasts, although it may be possible 
that rettovimses can also be used in vivo. A vaccinia vims ex
pressing mIL-12 has been shown to suppress tamor growth 
(Meko et al, 1995) but the effect of this vector in a model of 
pre-estabUshed tamors has not yet been reported. 

In the present study, 10 of 11 animals that were rechallenged 
following regression of the initial tumor demonsttated long-
term immunity, whereas 1 animal succumbed to the challenge. 
Nastala et al. (1994) also found that a fraction of animals cured 
of tumors by IL-12 did not possess long-term immunity, sug
gesting that the antitamoral effects of IL-12 may also include 
non-T cell-mediated events. Voest et al. (1995) have demon
strated that IL-12 exhibits antiangiogenic activities that can ac
count for some antitumor activity. It is also interesting to note 
that at least 2 animals have maintained antitumor immunity for 

as long as 8 months following tumor regression. However, we 
have also observed 1 animal tiiat was immune 3 montiis after 
tteatment but lost this immunity by 8 months. Although these 
numbers are small, this observation indicates that immunity can 
wane over the long term and w e must consider ways to extend 
this immunity because the latency of residual tumor cells within 
the body is unknown. One possible way of maintaining long-
term immunity is by boosting the host with irradiated tumor 
cells, periodically providing a regular source of tumor antigen. 

Very high levels of IL-12 (400-800 ng) witiiin tiie tumor 
could be detected within the fu-st 3 days following AdmIL-12.1 
adminisfration. Interestingly, these levels were similar between 
the various tamor samples, indicating tbat vkal deUvery to the 
tamor was relatively consistent. Although it is difficult to de
termine what fraction of tbe IL-12 produced within the tamor 
is inttacellular, w e do know that in vitro, tamor cells infected 
with AdmIL-12.1 at an moi of 30 will secrete 5,000 ng of bioac
tive IL-12/10* cells per 24 hr (Bramson etal, 1996). Therefore, 
w e would expect that the tumors would express similarly high 
levels of IL-12 in vivo. It is notable that the s e m m IL-12 de
cUned five-fold from day 1 to day 3 whereas the infratamoral 
IL-12 only began to decline around day 6. One would expect 
that changes in the levels of s e m m IL-12 would parallel those 
in the tumor, unless stmctural alterations occur within the ta
mor during that time period that limit the access of IL-12 to the 
circulation. IL-12 is known to have angiostatic effects (Voest 
et al, 1995) and thus the reduced s e m m levels compared to in-
fratumoral levels at days 3 and 6 may reflect destmction or al
teration of the tumor vasculatare, preventing IL-12 from leak
ing into the semm. This is a desirable effect because it would 
further localize IL-12 expression to the tamor. W e are currentiy 
investigating the role of antiangiogenesis/vascular destmction 
in IL-12-mediated killing in our model. Increased IL-12 was 
also observed within the conttol tamors freated with dllO-3, 
consistent with the role IL-12 plays in the antiviral response 
(Orange and Biron, 1996). Moreover, w e bave observed anti
adenoviral C T L in the tumor draining lymph nodes of mice 
treated with the conttol vector alone (J. Bramson, unpublished 
data). The development of cellular immunity against adenovims 
is consistent with the modest antitamoral effects of the conttol 
vector seen in previous studies (sUgbUy slower growth as com
pared to PBS; Addison et al, 1995a). 

The induction of IFN-y production by activated N K and T 
cells is a hallmark of IL-12 stimulation in vitro and in vivo 
(Seder et al, 1993; Gately et al, 1994; Manetti et al, 1994) 
and IL-12-mediated tumor regression has been shown to be 
partially dependent on IFN-y (Nastala et al, 1994; B m n d a et 
al, 1995; Zou et al, 1995). The expression of IFN-y m R N A 
increases dramatically in tumors and spleens following sys
temic IL-12 treatment (Zou et al, 1995; Tannenbaum et al, 
1996). W e have demonsfrated that inttatumoral IFN-y levels 
rise very rapidly following intratumoral injection of AdmIL-
12.1, peaking at 6-9 days, compared to maximal expression 
of IL-12 at days 1-3, indicating that the local cytokine envi
ronment of the tumor has been altered. Most importantiy, cells 
isolated from the tumor-draining lymph node ( T D L N ) express 
IFN-y in culture without additional stimulation, suggesting 
that these cells had been activated within the tumor as would 
be expected following exposure to IL-12. Tbese cells may also 
have been activated within the circulation; however, the ele-



TUMOR REGRESSION BY AN AD-IL-12 VECTOR 2001 

vation in IFN-y expression as early as day 3 indicates that ac
tivation probably occurs within the vicinity of the tumor. 
Fallarino et al (1996) demonsfrated that high-level produc
tion of IFN-y by T D L N cells correlated with tumor rejection 
in an IL-12-dependent model of tumor rejection. Similarly, 
we have observed tiiat T D L N cells from AdmIL-12.1-treated 
animals produce varying levels of INF-y, suggesting that IFN-
y production by T D L N cells in our model may also reflect 
which tumors will go on to be completely rejected. The ef
fects of infratumoral AdmIL-12.1 injection on IFN-y expres
sion support the hypothesis that Ad-mediated cytokine gene 
delivery to tumors can affect the local cytokine environment 
and activate the local effector population with the potential to 
overcome anergy induced by the tumor. 

The resuUs of these initial studies are very promising and we 
have been experimenting with freatment regimens that may im
prove tiie tiierapeutic value of AdmIL-12.1 freatment. The ob
servation tiiat > 7 5 % of die tumors initially regress following 
freatment indicates that we should be able to increase the num
ber of complete regressions with some modifications of die 
freatment protocol. W e have found diat tbe outcome can be im
proved by combining AdmIL-12.1 with a vector expressing IL-
2 and that repeated injections may be better than a single in
jection in certain circumstances (J. Bramson, unpublished data). 
These studies support the use of AdmIL-12.1 as a safe and ef
ficacious tteatment for tumor immunotherapy. The virally ex
pressed cytokine is produced at high levels within the tumor 
and remains locaUzed to this site, indicating that this approach 
will likely diminish systemic compUcations due to excess IL-
12 in the seram. Thus, continued preclinical experimentation 
should yield improved tteatment strategies that can be applied 
effectively in a cUnical setting. 
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