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Summary. Transitional cell carcinoma is known
to be an immunogenic tumour. This immunogeni-
city has been the basis of a search for effective
immunotherapeutic agents and for the evaluation
in this study of two additional agents, keyhole-
limpet haemacyanin (KLH) and immune ribonucle-
ic acid (RNA) extract. The results in this animal
model showed KLH to be a potent non-specific
stimulant of the immune response which caused
both a reduction in tumour growth and a prolonga-
tion of animal survival (p = 0.01). No anti-tumour
effects were observed with either local or system-
ic RNA.
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INTRODUCTION

Since the original demonstration by Bubenik (1)
that transitional cell carcinoma is an immunogen-
ic tumour, many authors have confirmed the
presence of cellular and humoral immune re-
sponses in patients with bladder carcinoma (2).
The immunogenicity of bladder cancer has
prompted a search for effective immunotherapeut-
ic agents in the treatment of bladder cancer.
Various immunotherapeutic agents including the
chemical immunostimulant levamisole (3, 4),

the interferon inducer poly I:C (5), and the bac-
terial immunostimulants C. parvum (6) and Bacil-
lus Calmette-Guerin (BCG) (7, 8, 9, 10, 11) have
been evaluated in both animals and man. To date
the most promising results with immunotherapy
have been seen in response to the non-specific
agent BCG. This study was designed to evaluate
additional immunotherapeutic agents of potential
value in patients with bladder cancer.

MATERIAL AND METHODS
Tumour Model

A poorly differentiated transitional cell carcinoma
(MBT2) originally induced in C3H mice by chemi-
cal carcinogen (FANFT)l feeding was used. MBT?2
is maintained by serial transplantation in syngenet-
ic C3H mice (Jackson Laboratories, Bar Harbor,
Maine). Subcutaneous tumour was excised, minced,
and forced through a stainless steel screen. Cells
were centrifuged and washed and the number of
viable cells estimated by trypan blue exclusion. A
suspension of 8 x 10° MBT2 cells in 0.05 ml of
TC199 was injected intradermally into the right
thigh. Animals were then examined three times

a week and the resulting tumours were measured
along two perpendicular axes by an observer who
had no knowledge of the treatment given.

Immunotherapy Keyhole-Limpet Haemacyanin
(KLH)

Three weeks prior to tumour transplantation 15
C3H mice received an injection of 50 meg KLH
(Pacific Biomarine) in 25 ) of phosphate buffered
saline into each of four foot pads. On day 1 and
day 7 following tumour transplantation these
animals received a 50 X intralesional injection of
50 mcg KLH,

Immune RNA

Twenty Hartley strain guinea pigs were sensi-
tized to MBT2 by the administration of a one to

1Supplied by Dr. Mark Soloway, Memphis, Ten-
nessee
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four slurry of MBT2 in TC199 plus an equal
volume of Freund’'s complete adjuvant given in-
tradermally into each pad and the nape of the
neck. Immunisation was repeated one month
later with MBT2 in incomplete Freund’s adjuvant.
Seven days affer the second immunisation the
animals were sacrificed; lymph nodes and spleens
were removed and the immune RNA extracted as
described by Paque and Dray (12). Briefly,
frozen tissues were added to freshly distilled
phenol saturated with 0, 01M sodium acetate at
pH 5.0, 0.1% 8-hydroxyquinoline, 0.5% sodium
dodecylsulfate, and 4 mcg per ml polyvinyl sul-
phate. After homogenisation, an equal volume of
0.1M sodium acetate containing 0.5 mg/m]l ben-
tonite was added and the mixture was heated to
550C, After cooling to 4°C the mixture was cen-
trifuged at 15, 000 RPM for 15 min and the aqueous
phase separated. The extraction was repeated
four times on the aqueous phase and the RNA
precipitate was then centrifuged, dissolved in

0. 3M sodium acetate, and reprecipitated in 95%
ethanol at -20°C, Dextran sulphate (5, 000 MW)
was added to the RNA preparation and adjusted

to a final concentration of 3 mg/ml to serve as
RNAase inhibitor.

Thirty animals were given immune RNA im-
munotherapy: 15 had systemic immunotherapy
and 15 local RNA immunotherapy. Systemic im-
munotherapy consisted of 0.25 ml injection into
each of four foot pads using RNA solution con-
taining 1 mg of RNA and 10 mg dextran sulphate
per ml, Injections were given 3 days prior to
tumour transplantation, on the day of tumour
transplantation, and 2, 4, 6, and 8 days there-
after. Local RNA immunotherapy consisted of the
intralesional injection of 2.5 mg immune RNA;
0.6 mg of tumour antigen (extracted from MBT2
cells using 3 M KCL); and 107 non-immune peri-
toneal exudate cells obtained from C3H mice after
the intraperitoneal injection of 2 ml 3% thioglyco-
late broth. Intralesional RNA immunotherapy was
repeated 7 days after tumour transplantation.

Saline Control

Fifteen animals severd as controls and were
given an intralesional injection of 0,05 ml of nor-
mal saline intralesionally within the transplanted
tumour 1 and 8 days after inoculation.

RESULTS

Figure 1 illustrates the tumour growth curves for
the 4 groups, Tumour growth is virtually identical
in the systemic RNA treated group, the local RNA
treated group, and the control. A reduction in
tumour growth is apparent in the KLH treated ani-
mals. This reduction in tumour growth is statis-
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Fig, 1. Tumour growth curves for the four
groups demonstrate remarkably similar growth in
the control (saline treated), local RNA, and sys-
temic RNA groups. Inhibition of tumour growth

in the KLH treated animals is apparent and statis-
tically significant (p< 0,01 Dunnet’s t-test)
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Fig. 2. The inhibition of tumour growth was as-
sociated with statistically significant (p = 0. 010,
Mantel, life tables) prolongation of survival in
KLH treated animals

tically significant at the p <0, 01 level (Dunnet’s
i-test). This reduced tumour growth in the KLH
treated animals versus controls resulted in signif-
icant prolongation of animal survival. As illus-
trated in Fig, 2, KLH treated animals survived
longer than saline treated controls., This prolonga-
tion of survival was significant at a p value of

0,01 at day 40 (Life tables, Mantel), Although a



reduction of tumour growth and resulting in
prolongation of survival was apparent with KLH
immunotherapy in this model, immunotherapy
was not observed to prevent the occurrence
tumour or the subsequent eventual death of the
animal,

DISCUSSION

Keyhole-limpet haemacyanin (KLH) is a large
molecular weight protein antigen collected from
the haemolymph of the keyhole-limpet. KLH has
been used extensively to evaluate primary cellular
and humoral immune responses in humans. In
1974 Olsson (13) and associates observed a statis-
tically significant (p <0. 005, x2) reduction of the
recurrence rate of bladder cancer patients im-
munised with b5 mg of KLH compared with con-
trols. Only one tumour was found in 9 KLH treated
patients whereas 7 of the 10 control patients had
18 separate bladder tumours during the observa-
tion period. To our knowledge no further evalua-
tion of the immunotherapeutic potential of KLH
has been performed. The current study supports
the hypothesis that KLH does in fact favourably
influence the course of bladder cancer. The
mechanism of action of this immunotherapeutic
agent in unknown, KLLHhas been demonstrated to
induce a primary cell-mediated delayed hyper-
sensitivity response as well as a primary anti-
body response in humans (14), This potent antigen
may therefore act as a non-specific stimulant of
the immune response. Alternatively, antigenic
cross-reactivity between KLH and bladder tumour
antigens could explain the anti-tumour response
evoked by KLH immunisation. Evidence for anti-
genic cross-reactivity with KL.LH does exist:
several investigators have demonstrated the
presence of humoral anti-KLH antibedies (15,

16) as well as specific binding of KLH to lympho-
cytes (17) in patients who have had no previous
exposure to the keyhole-limpet,

Although no anti-tumour effect using local or
systemic immune RNA was observed in this ex-
periment, systemic RNA immunotherapy has been
found to very significantly inhibit tumour growth
and prolong survival in experimental animals (18,
19) and preliminary uncontrolled clinical trials
have confirmed the safety, though not the efficacy,
of immune RNA (19). Local immunotherapy simi-
lar to that performed in the present experiment
has resulted in complete regression of trans-
planted tumours in guinea pigs (20). Although the
potential for immune RNA immunotherapy is
indeed exciting, the absence of measurable bene-
ficial effect in this controlled experiment under-
lines the importance of defining the important
variables such as immunisation and RNA extrac-
tion procedures, as well as the dose, route,
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timing, and effective technique of immune RNA
administration in the experimental animal before
embarking on clinical trials.

REFERENCES

1. Bubenik, J., Perlmann, P., Helmstein, K.
Moberger, G,: Cellular and humoral immune
responses to human urinary bladder carcino-
mas. International Journal of Cancer 5, 310
(1970)

2. Catalona, W.J,: Commentary on the immuno-
biology of bladder cancer. Journal of Urology
118, 2 (1977)

3. Lamm, D,L., Yee, G.N., Reichert, D, F.,
Radwin, H. M. : Levamisole immunotherapy
of experimental transitional cell carcinoma,.
Investigative Urology 16, 286 (1979)

4, Smith R. B., de Kernion, J., Baron, B.,
Skinner, D.G., Kaufman, J.J.: Levamisole
in the treatment of non-invasive and invasive
bladder cancer: A preliminary report. Jour-
nal of Urology 119, 347 (1978)

5. Herr, H. W., Kemeny, N., Yagoda, A.,
Whitmore, W.F.: Poly I:C immunotherapy
in patients with papillomas or superficial
carcinomas of the bladder. National Cancer
Institute Monographs 49, 325 (1978)

6. de Kernion, J.B., Ramming, K.D., Fraser,
K. : A bladder tumor model response to im-
munotherapy. National Cancer Institute
Monographs 49, 333 (1978)

7. Lamme, D,L., Harris, S.C., Gittes, R.F.:
Bacillus Calmette-Guerin and dinitrochloroben-
zene immunotherapy of chemically induced
bladder tumors. Investigative Urology 14,
369 (1979)

8. Morales, A., Eidinger, D., Bruce, A.W.:
Intracavitary Bacillus Calmette-Guerin in
the treatment of superficial bladder tumors.
Journal of Urology 116, 180 (1976)

9, Martinez-Pifieiro, J.A., Muntafiola, P.:
Nonspecific immunotherapy with BCG vaccine
in bladder tumors. European Urology 3, 11
(1977)

10. Douville, V,, Pelouze, G., Roy, R., Char-
rois, R., Kibirte, A., Martin, M., Dionne,
L., Coulonval, L., Robinson, J.: Recurrent
bladder papillomata treated with Bacillus
Calmette-Guerin: A preliminary report (Phase
I Trial) Cancer Treatment Reports 62, 551
(1978)

11, Lamm, D.L,, Thor, D.E., Harris, S.C.,
Reyna, J.A., Stogdill, V.D., Radwin, H. M. :
BCG immunotherapy of superficial bladder
cancer., Journal of Urology 1979 (In press)

12, Paque, R.E., Dray, S.: Interspecies ''trans-
fer' of delayed hypersensitivity in vitro with
RNA extracts. Journal of Immunology 105,
1334 (1970)



230

13,

14,

15,

16.

17,

Olsson, C.A., Chute, R., Rao, C.N.: Im-
munologic reduction of bladder cancer recur-
rence rate, Journal of Urology 111, 173
(1974)

Curtis, J.E., Hersh, E. M., Butler, W.T,,
Rossen, R.D.: Antigen dose in human immune
response, dose response relationships in the
human immune response to keyhole-limpet
hemocyanin., Journal of Laboratory and Clini-
cal Medicine 78, 61 (1971)

Burke, G.P., Smith, K. A., Stockins, R.I.,
Ferm, M., Mclntyre, R.O.: Anit-keyhole-
limpet hemocyanin antibody in normal un-
sensitized individual. Journal Allergy and
Clinical Immunology 59, 309 (1977)

Moroz, L.A., Krygier, V., Kotoulas, A.O.:
Normal human 1 g G with antibody activity for
keyhole-limpet haemocyanin, Immunology 25,
441 (1973)

Hersh, E.M., Dyre, S.E.: Cells binding the
antigen keyhole-limpet haemocyanin in the
peripheral blood and in the lymphocyte cul-

18,

19,

20,

tures of non-immune and immunized human
subjects. Clinical and Experimental Immunol-
ogy 17, 299 (1974)

Wang, B.S., Onikul, S.R., Mannick, J.A.:
Prevention of death from metastases by im-
mune RNA therapy. Science 202, 59 (1978)
Pilch, Y.H., Fritze, D., Kern, D.H.: Im-
mune RNA in the immunotherapy of cancer.
Medical Clinics of North America 60, 567
(1976)

Schlager, S.E., Pague, R.E., Dray, S.:
Complete and apparently specific local tumor
regression using syngeneic or xenogeneic
"tumorimmune'' RNA extracts, Cancer
Research 35, 1907 (1975)

D.L. Lamm, M.,D,

Audie Murphy Veterans Hospital
7400 Merton Minter

San Antonio, Texas 78284

USA



