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Resistance to Common Viruses During
Intralymphatic Injections of Tumor Cell Vaccines

Correlation with Circulating Cytokines
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Patients with advanced malignancies who received intralym-
phatic injections of irradiated tumor cell suspensions (“vac-
cines™) were unexpectedly found to be resistant to common
viral diseases; 17 patients with a documented past history of
viral infections who have been observed for 48 to 148 months
(median {08 months), were analyzed. The resistance to vi-
ruses was found to correlate closely with the presence, in the
serum, of certain cytokines. Specifically, the interleukins,
-2, -6, -8 and interferon-gamma, at low but sustained levels
appeared to be possibly responsible for the nonspecific pro-
tection against viral infections obtained by intralymphatic
injections of cellular material. These findings suggest that
viral infections in normal or immunosuppressed individuals
at particular risk might be prevented by treatments aimed at
attaining very modest levels of certain cytokines.
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Since 1976 at UCLA, 280 patients with advanced
malignancies have received four or more intralym-
phatic injections of various tumor cell suspensions as
experimental treatment (1,2). The attention was fo-
cused on cancer response and side effects, particularly
potential autoimmune diseases, anaphylactic reactions,
and transmitted hepatitis. Adverse effects were moni-
tored in 3,012 patient-months at risk, with a median
follow-up of 10 months (3-126 months) and a total
number of 2,153 injections: 94 patients survived at 12
months, 66 patients survived at 24 months, and 22
patients survived at 36 months. The singular lack of
intercurrent viral infection in this immunocompro-
mised population became gradually apparent, partic-
ularly during the seasonal outbreaks of common viral
infections in their families, although, at the time, the
incidence of wviral infections was not specifically re-
corded.

Because of the impression that there may be a cor-
relation between intralymphatic cellular injections and
the resistance to viruses, a careful analysis of the in-
cidence of viral infections before and after the begin-
ning of intralymphatic injections of tumor cell suspen-
sions was therefore initiated in 1988. A total of 17 pa-
tients were chosen for their past history of wiral
infections, with a follow-up of 48 months or more. The
17 patients were observed for a total of 1,783 patient-
months for occurrence of viral infections (median: 108
months; range: 48-148 months). To our knowledge
they represent a unique group of patients who have
received multiple intralymphatic injections of cellular
material, They are the subject of this report.
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PATIENTS AND METHODS

Selection of Patients for the Study

Criteria for patients’ inclusion were (i) follow-up of
48 or more months, (ii) availability of serial frozen
serum samples, and (iii) past history of common viral
infections: “influenza” syndrome, common cold, re-
curring herpes siraplex type I, averaging 1.9 (range: 1-
3 viral infections) per year. This information was based
on patient verbal reports, except for a patient with fre-
quently recurring herpes who was followed at the der-
matology clinic. Written consent was obtained from
each patient. The subjects were studied with a protocol
annually reviewed and approved by our institution’s
Human Subject Protection Committee.

Tumor Cell Vaccine Preparation

Patients received irradiated vaccines of either estab-
lished cell lines M 14 and {00P; from the Department
of Surgical Oncology, UCLA, or BT-20, U20S, and
SkBr, from the American Tissue Culture Collection
(Maryland), or autologous cells from the patients. Au-
tologous cell lines were prepared from fresh sterile tu-
mor specimens that were minced and passed through
a mesh wire to a cell suspension. Cells werg washed
twice in Hank's Balanced Salt Solution {Irvine Scien-
tific) and viability checked using the trypan blue (Irvine
Scientific, Santa Ana, California) dye excluosion tech-
nique. Then 5 X 10° viable cells were seeded into a T-
75 flask (Falcon) in triplicates. Fresh frozen cells and
cell lines were stored frozen in liquid nitrogen at a con-
centration of 2 X 107/ml. Immediately prior to use,
the frozen cultured cells were thawed rapidly, washed,
counted, and suspended in a final concentration of 5
¥ 108 viable cells/ml. In sterile lactated Ringer’s so-
lution {Baxter) and irradiated to 100 Gy in a Gam-
macell 220 (Atomic Energy Canada, Ottawa, Canada)
for approximately 25 minutes. All preparations used
as vaccines were tested for bacterial, fungal, and my-
coplasma contaminant by conventional microbiologic
techniques.

Immunotherapy

An average of 2 X 107 cells in 4 ml of saline per
treatment were injected in the lymphatic afferents,
which were surgically exposed and cannulated on the
dorsum of the feet or the hands under local anesthesia
(lidocaine 2%). When possible, cultured cell lines were
used; otherwise, frozen “fresh” tumor was injected.
Treatment was given monthly during the first vear, or
Ionger if there was persistent malignancy. In patients
who were apparently free of cancer the interval between
treatments was gradually increased to 6 months or the
injections stopped.

Serum samples were obtained on the day of injec-
tions, every | to & months, then on follow-up report,

when immunotherapy was stopped. All samples were
stored at ~20°C until assayed. Then, 17 sera per assay
were tested in duplicate and the mean value was cal-
culated. A total of 131 sera were analyzed.

Cytokine Assays

Interleukin (IL.} 1, alpha and beta, 11.-2, IL-3, [L-4,
IL-6, IL-7, 1L-8 levels in sera were measured using a
commercial “Quantikine” (R&D Systerns, Minneap-
olis, Minnesota) and interferon-gamma (IFNg) by an
IFNg kit (Endogen, Inc., Boston, Massachusetts) ac-
cording to the manufacturer’s instructions. They em-
ploy the quantitative “sandwich™ enzyme immunoas-
say with monoclonal antibody specific for a cytokine
coated onto the microtiter plate wells. Standards and
samples were pipetted onto the wells that were washed
following incubation. Bound cytokines were detected
using peroxidase-linked specific polyclonal antibody.
Following incubation and washing to remove any un-
bound antibody-enzyme, substrate was added and the
intensity of the color measured by a spectrophotometric
plate reader. The concentration of the cytokine in the
unknown samples determined by minimum detectable
levels {in picograms per milliliter) were 0.2 pg/mi for
IL-1@, 0.3 pg/ml for IL-18, 10.0 pg/mi for IL-2, 8.9
pe/ml for IL-3, 4.1 pg/ml for IL-4, 0.35 pg/mi for IL-
6, 6.0 pg/ml for IL-7, 18.1 pg/ml for IL-§, and 5 pg/
ml for IFNg.

Interferon-a (IFNa) levels in sera were measured by
radio immunoassay using a commercial NK-2 IRMA
kit (Celltech, Watertown, Massachusetts) in accordance
with manufacturer’s instructions. Standards and sam-
ples were pipetted into a 60-well tray. Sheep anti-in-
terferon coated beads were added to the standard and
samples. Beads were washed following 4-hours incu-
bation. Bound IFNe was detected using '**I mono-
clonal antibody tracer {NK.-2). Following 18 hours in-
cubation and washing to remove any unbound tracer,
beads were counted in the gamma counter for 60 sec-
onds. The concentration of IFNe in the unknown
samples was determnined by comparing the CPM counts
of the samples to the standard curve. Minimum de-
tectable level was 26 U/ml.

RESULTS

As part of their treatment, 17 patients with advanced
malignancies underwent repeated intralymphatic in-
lections of various irradiated tumor cells. Autologous
or allogeneic lines of the same histologic type as the
patent’s tumor were used (Table 1). During the course
of immunotherapy, none of the patients had relapses
of previously otcurring viral infections and in fact did
not develop viral diseases of any kind. Serum samples
taken prior to immunotherapy had no detectable cy-
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TABLE 1. Patient characteristics

Patient Sex  Age Diagnosis No. of IL.C} Cells used F/U {months) Cancer status 8TR
1 M 29 Osteogenic sarcoma 61 LAG1/U2085 66 DOD +
2 F 28 Thyroid carcinoma 56 DROB1-1/HROB1-1 108 DOD +
3 F 19 Melanoma 77 M14 110 DOD +
4 F 62 Breast carcinoma 45 BT20/SKBR 3 132 DOD +
5 M 26 Melanoma 66 M14 138 AWD +
6 M €8 Melanoma 101 M14 146 AWD +
7 M 65 Melanoma 84 Mi4 134 A, Free +
8 M 46 Melanorna a5 Mi4 144 A, Free +
g M 58 Melanoma 45 M14 148 A, Free +

10 F 62 Sqguamous celi Ca 30 100P3 148 A, Free +
i1 M 36 Squamous cell Ca [ 100P3 112 A, Free +
12 M 57 Squamous cell Ca 8 100P3 74 A, Free +
13 M 53 Melanoma 7 Mi4 BS A, Free +
14 F 79 Melanoma 25 M14 61 O, Free (autopsy} +
15 M 52 Squamous cell Ca 7 100P3 73 A, Free +
16 F 23 Melanoma 28 Autologous &1 A, Free +
17 M 69 Thyroid carcinoma 24 Autologous 48 A, Free +
Anaplastic

Ca, cancer; DOD, dead of disease (cancer), AWD, alive with disease; A, Free, alive free of cancer; D, Free, dead free of cancer; STR, skin test

reactivity; lL.Cl, Intralymphatic cellular injection.

tokines, with the exception of IL-§ in one patient. Fol-
lowing initiation of immunotherapy all patients de-
veloped detectable serum levels of I1.-2, generally as-
sociated with IL-6, IL-§, or vIFN (Table 2). In contrast,
IL-1, 11-3, IL-4, IL-7, and TNFS were not detected,
either before or after immunotherapy. IFNa assays
were found to be unreliable. Cytokines were detected
15 to 39 days (median: 24 days) after the beginning of
immunotherapy and persisted, as long as the intervals
between injections were 3 months or less. In 3 patients
the intervals between treatments were increased to 6

TABLE 2. Cytokine detection before and
during immunotherapy®

During immunotherapy®

Patient Before

no. immunotherapy -2 iL-6 IL-8 INFy
1 Undetectable 62.5 62.5 92.8
2 NR 62.5 3.3 =10
ks NR 62.5 62.5 187.5 >10
4 NR 62.5 187.5 >10
5 Undetectahie In.s 25 187.5 >10
& Undetectable B2.5 25 187.5 10.4
7 Undetectable 335 187.5
8 Undetectable 62.5 12.5 =10
g Undetectable 3.3 6.5 =10

10 Undeatectable 62.5 50

17 Undetectable 62.5 6.25 31.3 >10

12 Undetectable 31.3 8.25 92.8

13 Undetectable 313 3.3 187.5 >10

14 Undetectable 62.5 12.5 750

15 Undetectable 313

16 Undetectable 313 12.5 31.3 400

17 1.8:92.8 31.3 8.25 31.3

NR, sera not retrieved; IL, interleukin.

* Interleukin-1, -3, -8, -7, intetferon-a, and tumor necrosis factor-
beta were undetectable in all samples.

® Titers are in picograms per miflliter of serum,
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months and in 5 other patients the treatments were
interrupted for 48 months or more. In 6 of these 8
patients, cytokine levels became undetectable and in
all & patients, viral infections recurred. Of the other 2
patients free of viral diseases, one is receiving annual
influenza vaccinations by his general practitioner and
has no detectable cytokines, the other maintains de-
tectable levels of vy-interferon and is receiving intra-
lymphatic tumor cell vaccine every 6 months. The re-
lationship between viral infections, cytokine levels, skin
test reactivity, and tumor cell vaccine injections is
shown in Fig. | for one of these patients. A viral relapse
after 12 years was preceded by a drop in cytokines to
undetectable levels. Anti-influenza A, B, and C anti-
bodies were evaluated in 14 patients during immu-
notherapy. Two serum samples, approximately | year
apart were assayed for each patient. No correlation be-
tween the lack of viral disease and antibody levels could
be identified. However, the occasional elevation of an-
tibodies suggested that patients had been exposed to
viruses without clinical expression (Table 3).

Immuncglobulins G antibody titers against herpes
simplex viruses (HSV1 and 2) were elevated in 16 pa-
tients and negative in one, Immunocglobulin M anti-
bodies were negative in all patients during immuno-
therapy. This is consistent with exposure to viruses in
most patients and disease in none.

Autoimmune tests and cold agglutinin titers re-
mained negative in all patients.

DISCUSSION

Intralymphatic injections of irradiated tumor cells
appeared to induce a state of resistance to common
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viral infections, which was sustained in all patients, if
the intervals between injections was less than 3 months,
This effect did not appear to be related to specific an-
tiviral antibody production but correlated closely with
the presence of low sustained levels of endogenous cy-
tokines, in particular IL-2, IL-6, IL-8, and INFy.
The detection of these lymphokines and not of others

(IL-1, IL-4, IL-7, TNFB) does not necessarily mean
that they are the only cytokines produced. Detection

of cytokines in serum is complicated by their varying

half-lives, levels of soluble receptors, assays sensitivity,

and the growing number of newly discovered cytokines.

However, the serum cytokines profile, that is, IL-2 and

INF as opposed to [L-4 production is generally con-

sistent with enhanced cell-mediated immunity, which

is in keeping with the fact that intralymphatic injec-

tions were previously found to enhance skin test reac-
tivity (1).

TABLE 3. Antibody titers to influenza viruses, indicating
exposure to viruses at undetermined time

No. of patients with
fiters > 1.8°

Antibodies present against First sample Second sample

Influersza virus

A

B8

C
Influenza viruses A and C
Influenza viruses A and B
Influeniza viruses A, B, and C
Negative

SR SR CI N
ANODWROW

= Samples were taken 1 year apart during cellular immunotherapy,

Year

Nonspecific “viral interference” has been observed
following viral immunization (3) and explained as due
to interferon production (4,5). The therapeutic use of
interferons has been impaired by the delay in their ad-
ministration while viral infections are already overt,
by the substantial side effects of the high doses necessary
to be effective at this stage of the disease (6), and also,
perhaps, because other cytokines may be required to
achieve optimal effect (7). In the current study, low
levels of circulating lymphokines, already present at
the time of viral exposure, may have been sufficient to
inhibit viral replication and prevent diseases. Relatively
low levels of endogenous cytokines have been found
to protect against vaccinia infections in children (8). It
has been demonstrated that interferon-alpha functions
effectively as a prophylactic agent against a variety of
viruses in animals (9-11), even when immunosup-
pressed {12).

Others have observed that C8166 cellular injections
in macaques induced unexpected protection against
simian immunodeficiency virus (SIV) without pro-
duction of specific antibodies to SIV, and a correlation
was found with the titers of anti C8166 antibodies (13).
This protection appears to have been caused by anti-
bodies directed against normal cellular antigens present
at the virion surface. Cytokine levels were not reported.

In the present analysis, anticellular antibodies were
not evatuated. It cannot be ruled out that they could
block viral receptors on the target cells (stearic hin-
drance), but the same protection was obtained by var-
ious cells, including autologous, which would tend to
weaken this hypothesis somewhat. Tumor-related an-
tigens or contaminants are unlikely to be the trigger of
viral resistance, given the often observed lack of cross-
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reactivity of skin test to various cell lines (unpublished
data). All cell lines were regularly screened for bacterial,
fungal, and mycoplasma contaminations, which were
never detected, and no viral inclusions were seen on
routine electron-microscopic testing of the celiular
vaccines.

Particularly fascinating was the persistence of the
antiviral state and sustained cytokine levels for 3
months following “vaccination.” In some patients this
may persist longer, but in most, the refractory state
fades without repeated injections. The intralymphatic
route may be a critical element in achieving sustained
serum cytokines level and viral resistance. Lasting re-
tention of many soluble antigens, allogeneic or autol-
ogous cellular material in lymph nodes, has repeatedly
been reported (14,15). It is conceivable that, in this
site, cytokine production can be maintained for longer
periods of time than by other routes,

It is suggested that nonspecific protection against a
broad variety of viruses may be achieved by treatment
that induces and maintains low levels of certain cyto-
kines. T
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