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Abstract

We performed a long-term follow-up of 4 patients with penile cancer who underwent hyper-
thermotherapy from August 1985 until August 1992. Hyperthermia was applied using a frequency
of 350 MHz with a waveguide applicator twice a week for 60 min each for an average of 9.5
times (varying from 6 to 13 times). The total heating time that the temperature of urethra could be
kept above 42 degrees C, was 166 min on the average (ranging from O to 463 min). Two patients
classified as stage I according to the Jackson classification and 1 patient classified as stage IV
underwent combined radiotherapy and received an average radiation dose of 53 Gy (range, 40-70
Gy). Among these patients 2 underwent combined chemotherapy with bleomycin or peplomycin.
Malignant cells disappeared posttherapeutically and in August 1992, after an average of 5 years
and 9 months (varying from 4 years 6 months to 6 years 10 months), the patients were free of
recurrences. The one patient on stage IV had extensive invasion of the abdominal wall, but still
recovered completely. One patient on stage III underwent combined chemotherapy and hyperther-
motherapy, but heating had obviously been insufficient. There was a residue of malignant cells
after the treatment and we performed a penectomy. Regarding functional preservation of the pe-
nis a multidisciplinary therapy incorporating hyperthermotherapy can be expected to increase the
curativity. This indicates that it could induce in an advanced case, where an operation would be
difficult, complete remission.
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We performed a long-term follow-up of 4 patients with penile cancer who underwent hyperther-
motherapy from August 1985 until August 1992. Hyperthermia was applied using a frequency of 350
MHz with a waveguide applicator twice a week for 60 min each for an average of 9.5 times (varying
from 6 to 13 times). The total heating time that the temperature of urethra could be kept above 42
°C, was 166 min on the average (ranging from 0 to 463 min). Two patients classified as stage I
according to the Jackson classification and 1 patient classified as stage IV underwent combined
radiotherapy and received an average radiation dose of 53 Gy (range, 40-70 Gy). Among these
patients 2 underwent combined chemotherapy with bleomycin or peplomycin. Malignant cells
disappeared posttherapeutically and in August 1992, after an average of 5 years and 9 months
(varying from 4 years 6 months to 6 years 10 months), the patients were free of recurrences. The
one patient on stage IV had extensive invasion of the abdominal wall, but still recovered completely.
One patient on stage ITI underwent combined chemotherapy and hyperthermotherapy, but heating
had obviously been insufficient. There was a residue of malignant cells after the treatment and we
performed a penectomy. Regarding functional preservation of the penis a multidisciplinary therapy
incorporating hyperthermotherapy can be expected to increase the curativity. This indicates that it
could induce in an advanced case, where an operation would be difficult, complete remission.

Key words : penile cancer, hyperthermia, radiotherapy, chemotherapy

Treatment of penile cancer should be first curative,
and should also try to maintain morphology and function
of the penis under the given circumstances. Thus, patients
classified as T1, 2 according to the TNM classification of
UICC (International Union Against Cancer) (1), or as
stage I or II according to the Jackson classification (2) are
conservatively treated with radiotherapy and chemother-
apy, and surgery is indicated in most advanced cases (3).
There are only a few reports on hyperthermotherapy for
penile cancer. To improve the curativity of conservative

* To whom correspondence should be addressed.

therapy for penile cancer we added hyperthermotherapy to
the multidisciplinary therapy for 4 patients with penile
cancer. We then conducted a long-term follow-up and
report our results here.

Subjects and Methods

Table 1 shows the patients included in the study. Site of the
therapy was the penis in 3 patients and the invaded abdominal wall
in 1 patient. The average age was 51 years (aged 38-66 years).
The histologic type in all patients prior to the therapy was well
differentiated squamous cell carcinoma. According to the Jackson
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Table 1  Clinical characteristics of patients
Conditions of penile cancer
Cases Age(year)
Histology Site Jackson stagf“
(TNM stage?)
1 66 Well diff. sq. carcinoma Prepuce Stage 1
Corona of glans (T2NOMO)
2 38 Well diff. sq. carcinoma Prepuce Stage 1
Corona of glans (T2NOMO)
3 46 Well diff. sq. carcinoma Loss of penis Stage IV
Invasion to scrotum and abdominal wall (TANOMO)
4 55 Well diff. sq. carcinoma Prepuce Stage III
Shaft of penis (T2N1MO)

a: Stage I, those confined to glans and/or prepuce; Stage IV, those with a primary tumour extending off the shaft of the penis; Stage ITI, those

with malignant, but operable, groin nodes.

b: T2, those with invasion to corpus spongiosum penis; T4, those with invasion to other neighboring organs; NO, those without nodes metastasis;
N1, those with a superificial inguinal node metastasis; MO, those without distant metastasis.

Abbreviations: sq., squamous cell; diff., differentiated.

Applicator(350MHz)
Bolus(42°C)
Tumor

Thermometer
No. 1

No. 2
No. 3

Muscle tissue equivalent phantom

Fig. 1  Heating of the penile lesion. The lesion was placed between the
urethra and the waveguide applicator and the penis wrapped with a muscle
tissue equivalent phantom. Bowman thermistor thermometers were placed on
the superior surface (No. 1), into the urethra (No. 2) and on the inferior
surface (No. 3) of the penis. Temperature of the applicator bolus was kept at
42°C and we tried to keep the temperature in the urethra above 42°C.

classification (2) there were 2 patients with stage I and 1 patient
each with stage IIl and IV cancer.

Table 2 shows the therapies used. For the hyperthermother-
apy we used the BSD-1000 waveguide applicator MA-150 working
with 350 MHz made by BSD Medical Corporation (Utah, USA).
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Hyperthermia was applied twice a week for 60 min each. Fig. 1
illustrates the hyperthermotherapy for the penile treatment sites.
We attached the applicator so that the lesion was situated between
it and the urethra, while the penis was wrapped with a muscle
tissue equivalent phantom. Bowman thermistor thermometers
were placed in the urethra, on top and under the penis. To heat the
whole lesion to above 42°C, we tried to maintain a temperature of
more than 42°C within the urethra. For the treatment of the
abdominal wall invasion we inserted a thermometer into the lesion
and tried to keep the temperature above 42°C. Three patients
received an average radiation dose of 53 Gy (range, 40~70 Gy) in
fractions of 2 Gy 5 times a week using **Co-y ray emitted from
a Toshiba RI-107. The hyperthermotherapy was performed imme-
diately after the irradiation. All 3 patients underwent combined
chemotherapy with bleomycin (Nipponkayaku Co., Ltd., Tokyo,
Japan) or peplomycin (Nipponkayaku). We applied the anticancer
agents simultaneously with the hyperthermotherapy as continuous
subcutaneous infusion and ointment therapy. After these therapies
we obtained biopsy specimens and evaluated the effectiveness.

Results

Hyperthermotherapy was given an average of 9.5
times (ranging from 6 to 13 times) (Table 2). During each
session transient pain developed in the heated area depen-
ding on the hyperthermic output. For this reason, the
total heating time that the temperature could be kept above
42°C, varied widely among the patients and was 166 min
on the average (ranging from 0 to 463 min). Heating was
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Table 2  Treatment methods
Hyperthermotherapy Combined therapy
Cases Number Total heating Average
of time over heating Radiotherapy Chemotherapy
heating 42°C (min) score®
1 6 170 5.8 *Co y-ray Peplomycin c.s.i.
70Gy (TDF 109.4) Total 145mg
2 10 29 3.2 ®Co y-ray -
50Gy (TDF 80.6)
3 13 463 6.9 #Co y-ray. Bleomycin o.t.
40Gy (TDF 61.9) Peplomycin c.s.i.
Total 300mg
4 9 0 14 - Bleomycin o.t.

Bleomycin c.s.i.
Total 265mg

a: According to the classification of Nakada et al (Reference 4)

Abbreviations: Gy, gray; TDF, time, dose and fractionation; ¢.s.L, continuous subcutaneous infusion; o.t., ointment therapy

Table 3  Results of the treatments

Histology .
Cases after Effect Ob:;:’;:g:tsiﬁer
treatments
1 Sq. hyperplasia CR Alive (6 yrs 10 months)
No malignant cells Without recurrence
2 No malignant cells CR Alive (4 yrs 6 months)
Without recurrence
3 No malignant cells CR Alive (6 yrs)
Without recurrence
Skin graft
(after 8 months)
4 Existence of NC Dead (2 yrs 8 months)
malignant cells Partial penectomy
(after 0.5 month)

Local recurrence

(after 11 months)

a: Observation until August 1992
Abbreviations: Sq., Squamous cell; CR, complete response; NC, no
change; yrs, years

insufficient in case No. 4. The average heating score
according to the classification of Nakada et al. (4), as one
index of heating patterns, was 4.3 on the average (ranging
from 14 to 6.9).

Table 3 shows the therapeutic results. In 2 patients
classified as stage I and 1 patient classified as stage IV
according to the Jackson classification, malignant cells
disappeared due to the combined radiotherapy, which
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Fig. 2 Case No. 1. A: Before treatment. B: After treatment. Tumor
size decreased after the therapy.

qualified a complete response (CR). The patients were free
of recurrences until August 1992, after an average of 5
years and 9 months (varying from 4 years 6 months to 6
years 10 months). Neither during the therapy nor during
the follow-up were there any side-effects that required
treatment.

Fig. 2 shows case No. 1. Tumor size decreased and
malignant cells disappeared posttherapeutically (Fig. 3).
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Fig.3  Photomicrograph of the biopsy specimen from case No. 1. (H-E staining X 100) A: Before treatment. Well differentiated squamous cell carcinoma.
B: After treatment. Malignant cells have disappeared and the sample shows only squamous cell hyperplasia.

Fig. 4 Case No. 3. A: Before treatment. The penis was lost spontaneously and the tumor invasion extended up to the lower abdominal wall. B: After
treatment. The lesion discolored yellowish-white and malignant cells disappeared. A catheter is inserted transcutaneously into th_e bladder. C: Elven months
after the therapy. Eight months after the therapy we performed a skin graft. D: Six years later. We observed no recurrence.
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Fig. 5
After treatment. The arrowhead points to the tumor. Posttherapeutically,
tumor size decreased significantly.

Computed tomogram of case No. 3. A: Before treatment. B:

Fig. 4 shows case No. 3. Prior to the treatment (Fig, 4A)
the penis had lost spontaneity and a bright red tumor
invasion extended up to the lower abdominal wall. Postth-
erapeutically (Fig. 4B) the lesion turned yellowish-white,
shrank and malignant cells finally disappeared. A comput-
ed tomogram showed a significant decrease in tumor size
(Fig. 5). After the treatment we performed a skin graft
and did not observe any recurrence during the 6 years of
follow-up (Fig. 4D).

The patient (case No. 4) with stage III cancer under-
went combined hyperthermotherapy and chemotherapy
with bleomycin. Because of insufficient heating some
malignant cells remained after the therapy. This patient
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was evaluated as no change (NC) and half a month later
we performed a partial penectomy.

Discussion

Penile cancer is a comparatively rare disease among
genitourinary diseases in men. The clinical statistics on
inpatients and outpatients in the Department of Urology,
Okayama University Medical School (5, 6) showed that
there were on the average only 2.5 patients among 1,603
male outpatients per year from 1,980 until 1,990. Thus,
regarding its therapy most reports are retrospectively
summarized case reports. Multifacility joint studies are
required to establish an effective multidisciplinary therapy
(7).

Hyperthermia is an obstacle to the sublethal damage
repair following irradiation (8). Hypoxic cells at low pH
(9) or cells in S-phase of the cell cycle (10) are rather
resistant to radiation, but highly susceptible to hyperther-
mia. This is the reason for the effectiveness of combined
hyperthermotherapy and radiotherapy. Hyperthermia
enhances the action of bleomycin and peplomycin (11).
Bleomycin also enhances the action of the radiation (12).
Thus, mutual enhancement of the respective action can be
expected from a combination of radiation, hyperthermia
and bleomycin or peplomycin. To permit simultaneous
use of hyperthermia and radiation and to reduce side-
effects on the lung (13, 14) bleomycin or peplomycin are
applied as continuous subcutaneous infusion or as oint-
ment therapy.

To preserve morphology and function of the penis,
patients on low stages are usually treated conservatively
with radiotherapy and chemotherapy (3, 15-20). These
therapies have brought the high curativity against the
lesions. However, posttherapeutic recurrences sometimes
occur (19, 20). For this reason some facilities choose
surgery even on low stages. We achieved CR and obser-
ved no recurrences during a long-term follow-up in one
patient each on stage I and IV with combined radio-
therapy, chemotherapy and hyperthermotherapy and in
one patient on stage I with combined radiotherapy and
hyperthermotherapy. Combination with hyperthermother-
apy could increase the curativity of the individual treat-
ment forms. Moreover, it may lead to complete recovery
even in advanced cases in which surgery would be
difficult.

In the one patient with stage III cancer we administer-
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ed combined chemotherapy and hyperthermotherapy with
bleomycin. However, because we could not achieve
sufficient hyperthermia, results were unsatisfactory. Hahn
et al. (21) reported that bleomycin sensitivity increased in
vitro significantly at 43°C, but at temperatures below 41
°C there was almost no change. Thus, regarding com-
bined use of bleomycin and hyperthermia one must first
ascertain whether sufficient hyperthermia can be achieved
and then continue with the therapy.

Although few case reports deal with hyperthermother-
apy for penile cancer, no report deals its role in the
therapeutic regimen among the plural patients within the
scope of the author’s survey. Obama et al. (22) reported
complete remission in a patient with advanced penile
cancer using hot packs and combined radiotherapy and
chemotherapy. To achieve uniform heating of the lesion
hyperthermia with electromagnetic waves is advantageous.
In the present study we used a waveguide applicator, but
in some patients the associated pain prevented the achieve-
ment of sufficient hyperthermia. We consider investiga-
tions of alternative methods of heating the penile lesion,
including intraluminal and capacitive heating, as an impor-
tant task.
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Therapeutic Effect of Neuraminidase-Treated LAK Cells on Liver Metastasis of Colon 26

Shingo Kamitani, Noriaki Tanaka*, Shigeru Yunoki, Akio Hizuta and Kunzo Orita

First Department of Surgery, Okayama University Medical School, Okayama 700, Japan

To improve the lymphokine-activated killer (LAK) cell therapy for liver metastasis, two methods
which enhance accumulation of LAK cells in the liver were examined for their effects on the liver
metastasis of Colon 26 cancer cells in BALB/c¢ mice. Distribution of LAK cells in the mice was
examined by the >'Cr labeling method. Portal vein infusion of LAK cells or tail vein infusion of
neuraminidase treated-LAK (N-LAK) cells showed an augmented accumulation of infused cells in
the liver. In the first experiment, LAK cells (5 X 107cells) were infused in the portal vein or tail vein
at days 3 and 7 after the inoculation of 5 X 10* tumor cells and 1 X 10* units of IL-2 were given three
times a day from day 3 to day 7. The portal infusion of LAK cells produced a greater reduction of
liver metastases compared with the peripheral infusion. In the second experipent, 5 X 10° LAK cells
or N-LAK cells were infused via the tail vein on days 1 and 3, and 1 X 10* units of IL-2 were given
once a day from day 1 to day 5 after the inoculation of 1 X 10* tumor cells. The therapeutic effect
of N-LAK cells was greater than non-treated LAK cells on the number of metastatic lesions and the
survival time of mice. Since access to the human portal vein is difficult and risky in clinical situation,
peripheral infusion of N-LAK cells is preferable.

Key words : LAK cell, neuraminidase, liver metastasis

Lymphokine-activated killer (LAK) cells are generat-
ed by cultures of normal lymphocytes with interleukin-2
(IL-2) without antigenic stimulation. They were first
documented by Grimm et al as activated lymphocytes
having lytic activity for fresh, autologous and syngeneic
cells, regardless of whether the tumor target cells were
natural killer sensitive or resistant(1, 2). In animal models,
transfer of LAK cells and IL.-2 induced regression of
pulmonary and hepatic metastasis (3). Large doses of
I1.-2 and LAK cells resulted in tumor regression in
patients with certain advanced metastatic cancers, includ-
ing renal cell carcinoma and melanoma. However, the
therapeutic effects were limited to a minority of patients(4,
5), and considerable toxicity such as increase in capillary
permeability accompanied the therapy (6).

Further enhancement of the therapeutic effects of

* To whom correspondence should be addressed.

LAK cells requires study of the following two problems
a) improvement of the accessibility to tumor tissues, and
b) enhancement of the anti-tumor cytotoxicity. Motility is
important for lymphocytes to infiltrate tumors or other
inflammatory lesions. However, tumoricidal activity and
motility of LAK cells are independently and sometimes
inversely regulated (7). Intercellular adhesion is also
important for the killing activity of lymphocytes. Neur-
aminidase treatment of lymphocytes increases the binding
efficiency of lymphocyte subsets with endothelial cells (8).
However, this treatment interferes with the normal distri-
bution of lymphocytes in organisms, so that the majority
do not home into lymphoid organs but are trapped in the
liver (9). In this study, we have examined the effects of
neuraminidase-treated LAK (N-LAK) cells on liver
metastasis.

175
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Materials and Methods

Animals.  Specific pathogen-free BALB/c mice between 6
and 7 weeks old, were obtained from the Shizuoka Experimental
Animal Farm (Hamamatsu, Japan). Mice were housed in groups
of 10 or less per cage, and fed an Oriental solid diet (Oriental
Yeast Co., Tokyo, Japan).

Tumors. The Colon 26 (10), an undifferentiated colon
adenocarcinoma generated from BALB/c mice injected with
N-methyl-N-nitrosourethane was cultured in viiro with RPMI 1640
containing 10 % fetal calf serum (FCS, Grand Island Biological
Co., Grand Island, NY, USA). A single cell suspension of these
cells, obtained by trypsin treatment, was injected at concentrations
of 1X 10* or 5% 10* cells per BALB/c mouse body via the
mesenteric vein under light ether anesthesia.

Preparation of LAK cells.  Spleens were removed, cut
fimely in the medium, passed through a 150 mesh, and placed in
0.83% NH,Cl-Tris buffer to lyse erythrocytes, thus isolating
lymphocytes. The lymphocytes were washed 3 times with Hanks
balanced saline solution (HBSS) and resuspended in complete
medium (CM), which was RPMI 1640 medium (Nissui Pharma-
ceutical Co., Tokyo, Japan) supplemented with 25mM N-2-
hydroxyethyl piperazine-N-2 ethane sulfonic acid (Sigma Chemical
Co., St. Louis, MO, USA), 2mM L-glutamine (Wako pure
Chemical Industries, Ltd., Osaka, Japan), 50uM 2-
mercaptoethanol (Sigma Chemical Co., St. Louis, MO, USA),
streptomycin (100 g/ml), Penicillin G (100 units) and 10 % heat
inactivated FCS. Lymphocytes were cultured at a concentration of
25 % 10° cells/ml in CM added with 1,000 units/ml of human
recombinant IL-2 (Shionogi Pharmaceutical Co., Osaka, Japan)
under 5% CO, in air at 37°C for 3 days.

Neuraminidase treatment of LAK cells. LAK cells were
incubated at 5 X 107 cells/ml with various amounts (0.02-0.5 unit/
ml) of neuraminidase (Behring Institute, Germany) at 37°C for 30
min, and washed three times with HBSS. Cell viability, deter-
mined by Trypan-blue dye exclusion test, was not affected by this
treatment.

Assay for the disiribution of infused lymphocytes.  Distribu-
tion of LAK cells was examined using normal mice without tumor
inoculation. LLAK cell suspension (5 X 107 cells) was added with
2004Ci of Na,*'CrO, (New England Nuclear, Boston, MA,
USA) and incubated at 37°C for 1h. The cells were then washed
three times. Approximately 2 X 107 viable cells in 0.2ml were
transfused into the tail vein (peripheral infusion) or into the trans-
posed spleen (portal infusion) of 3 mice under anesthesia with
ether. Recipients were killed 24h after injection, and the liver,
lungs and spleen were removed. The radioactivity of each organ
was expressed as a percentage of the total radioactivity of injected
cells.

Cytoloxicity assay. ~ Cytotoxic function was examined by
31Cr-release assay. Colon 26 undifferentiated carcinoma cells (10),
YAC-cells from a Molony virus-induced lymphoma in A/St mice
(11), and JTC-11 cells from Ehrlich ascites tumor (12) were
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labeled with radioactive chromium and used as target cells. Various
numbers of effector cells were incubated with 1 X 10* *'Cr -labeled
target cells in 0.2ml of CM in 96-well round-bottomed microtiter
plates. The plates were centrifuged at 300 g for 5 min and
incubated at 37°Cin a 5% CO, for 12h. After incubation, 0.1ml
of the supernatant was counted in a gamma counter. Cytotoxicity
was calculated by the following formula:
% specific lysis =
experimental cpm — spontaneous cpm

100 X
total ¢cpm — spontaneous cpm

Transposition of the spleen.  Under general anesthesia by
ether, each mouse was positioned in the right decubitus, and the
skin was sterilized with chlorhexidine alcohol, and a 1cm lateral
incision was made in the left subcostal arch region. The spleen was
transposed to the subcutaneous region, and the peritoneum and
skin were closed, leaving the spleen attached by its vascular
pedicle.

FExperimental procedure. ~ Protocol 1 (4 groups of 5 mice
each) was designed to examine the effects of the portal infusion of
LAK cells via the transposed spleen. All mice were inoculated with
5 X 10* Colon 26 cells via a mesenteric vein (day 0). LAK cells
were injected at 5% 107 cells into the portal vein through the
transposed spleen or into the tail vein on days 3 and 7. IL-2 (1 X
10 units in 1ml HBSS) was given intraperitoneally every 8h for
5days after the first transfusion of LAK cells. All were killed 14
days later, and liver metastases were assessed macroscopically.
Whitish tumor nodules were mostly localized on the surface of the
liver.

In protocol 2 (4 groups of 5 mice each), the effects of N-LAK
cells were examined. LAK cells or N-LAK cells were injected at
5 X 107 via the tail vein on days 1 and 3. After inoculation of 1 X
10* tumor cells, IL-2 (1 X 10* units in 1ml HBSS) was given
intravenously once a day on days 1 through 5. One group of these
mice was killed 21days later, and the metastatic liver foci were
examined. Another group of these mice was observed to measure
their survival time.

Statistics. Statistical analysis was performed using Student’s -
test.

Results

Lymphocyte distribution by portal and peripheral
infusion.  ®'Cr-labeled fresh lymphocytes and LAK
cells were infused via the tail vein or portal vein, and the
accumulation of radioactivity in the liver, spleen, and
lungs was examined at 24h after infusion. As shown in
Table 1, LAK cells infused via the portal vein accumlated
more in the liver than LAK cells infused via the tail vein.
Fresh lymphocytes showed no changes in their distribu-
tion by the route of infusion (Table 1).

Effect of neuraminidase treatment on the cytotoxicily
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of LAK cells.  After the neuraminidase treatment,
LAK cells were observed to be morphologically intact and
unagglutinated. The cells also showed no significant
changes in the cytotoxic activity against JTC-11 and
YAC-1 cells by the treatment at different concentrations
between 0.01 and 0.5 units/ml of neuraminidase. The
cytotoxicity of ILAK cells against Colon 26 was not
significantly affected by incubation with 0.5 units/ml of
neuraminidase (Fig. 1)

Effect of neuraminidase trealment on the distribution
of lymphocytes examined in normal mice.  Fresh
lymphocytes and LAK cells were incubated with 0.5
units/ml of neuraminidase, labeled with *'Cr, and trans-
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fused intravenously into the normal mice in which tumor
cells were not injected. The radioactivity examined at 24
h after infusion was mainly detected in the liver and
spleen. The treatmen of lymphocytes with neuraminidase
had so altered their distribution in vivo that there was less
radioactivity in the spleen and substantially more in the
liver. Similar changes were observed in the distribution of
LAK cells (Table 2).

Augmeniation of therapeutic effect on liver metastasis
by portal infusion of LAK cells.  This experiment used
protocol 1, and metastatic nodules were counted on day
14 for each group. The first group was infused with
physiological saline solution via the tail vein, the second

Table 1 Effect of administration route of *'Cr-labeled lymphocytes on accumulation of the radioactivity in tissues of recipients
Trapping rate(% )*
Infused lymphocytes dR.Ol.m;Oé
adminmistration Lung Liver Spleen

Spleen cells Tail vein 1.5+0.1 28.2+0.5 30.11.8
Spleen cells Portal vein 1.0+0.2 23.8*+1.2 376%1.2
LAK cells Tail vein 3.0t£0.2 37.3i3.1] 32.3+34
LAK cells Portal vein 65+1 453+2.2 31.21+2.6

@ : Radioactivity of each organ is presented by % of the total activity of injected cells, and values are the mean * SD of three mice.

% p < 0.01 (student’s # test)
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Fig. 1

Produced by The Berkeley Electronic Press, 1993

Effect of neuraminidase on cytotoxic activity of LAK cells. LAK: lymphokine-activated killer; N-ILAK: neuraminidase treated-LAK.
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Table 2

Kamitani et al

Effect of neuraminidase treatment of *'Cr-labeled lymphocytes on the distribution of the radioactivity in tissues of recipients

Infused lymphocytes Neuraminidase

Trapping rate(% )*

treatment Lung Liver Spleen

Spleen colls - 0.6440.05 35404 204411,
+ 0.70+0.02 53.2+2.2 135406
- 0.66+0.01 201432 36.0+0.3

LAK cells + 0.71+0.02 557415 " zros]®

a : Values are mean +SD of three mice.

* p <0.01 (Student’s ¢ test)

. “ o—0 saline
100 % N | x—-X spleen cells
= ~—=A LAK
; » xD o—a N-LAK
5
7} B X
g )
@
2 - X
d'j l:l D—L—q

- X — )————1

0 I)S y ' XI I
0 20 30 40 50 days

Days after inoculation of tumor cells

Fig. 2 Effect of transfusion of neuraminidase-reated LAK cells on the survival rate of tumor inoculated mice. LAK, N-LAK: See Fig. 1.

with fresh spleen cells via the portal vein, the third with
LAK cells combined with I1.-2 via the tail vain, and the
fourth with LAK cells combined with II.-2 via portal vein.
There were no significant differences between the first two
groups. The experimental group infused with LAK cells
via the tail vein showed significantly fewer metastases than
the control group (p < 0.01). Furthermore, the portal
infusion of LAK cells led to markedly fewer metastatic
nodules than the peripheral infusion (p < 0.05)(Table 3).

Augmentation of the therapeutic effect of LAK cells
on liver metastasis by in vitro neuraminidase treaiment.
The experiment was conducted according to protocol 2.
There was no detectable difference in the number of
metastatic foci between the two groups infused with either
physiological saline solution or fresh spleen cells.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 47/iss3/5

Compared with the latter group, the group infused with
LAK cells and IL-2 showed significant reduction in the
number of metastases. Further, the group infused with
N-LAK cells and I1.-2 showed the greatest reduction of
metastases in the three experimental groups, with 44 %
fewer metastases than the control (Table 4).

Effect of LAK therapy on survival time of tumor
bearing mice.  Survival studies were carried out by
protocol 2. The mean survival time of the group infused
with fresh lymphocytes was 32.0 days. Compared with
this group, the experimental group infused with LAK
cells or N-LAK cells in combination with I1.-2, showed a
significantly longer survival time; 37.4 days for the former
and 41.6 days for the latter. The significant difference
(p < 0.05) between these two experimental groups indicat-

10
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Table 3 Effect of transfusion route of LAK cells on liver metastasis

Group Route No. of surfflce.tumor“
nodules in livers

Saline Tail vein > 230

Spleen cells Portal vein 225+43

LAK cells Tail vein 9825 :] *

LAK cells Portal vein 24126

@ : Values are mean+SD of 5 mice. LAK: Lymphokine activated killer.
*p <0.01;**xp< 0.05

Table 4 Effect of transfusion of neuraminidase treated LAK cells on liver
metastasis and survival time of tumor inoculated mice

No. of surface tumor® Survival times®

Group

nodules in livers (days)
Saline 76.2+7.8 31.8+38
Spleen cells 72.2+79 :| * 32.043.1 T
LAK cells 46.4+6.8 . % 374434 .
N-LAK cells 33.6i4.3] 41.6ir3.8:J

@, b: Values are meantSD of 5 mice. LAK: Lymphokine activated
killer; N-LAK: neuraminidase treated LAK.
*p < 0.01; % *xp< 0,05

ed a therapeutic effect of N-LAK cells on liver metastasis
(Fig. 2, Table 4).

Discussion

The efficacy of cancer therapy with LAK cells
depends on their cytolytic potential against tumor cells and
their localization in the tumor tissue. For the latter,
lymphocytes infused into a tumor-bearing host must avoid
being trapped in irrelevant capillary beds, extravasate at
appropriate points, and penetrate into primary or metas-
tatic tumor masses. The efficiency of adoptive immuno-
therapy depends in part upon the motility of infused
Iymphocytes (13). However, tumoricidal lymphocytes
show low activity in spontaneous motility and in chemo-
kinetic response to IFN-y, showing that LAK cells may
not be the best tumor infiltrators (7). The poor locomo-
tion of tumoricidal cells is not simply due to their large
size (14, 15). LAK cells are significantly less deformable
than fresh NK cells and T cells (16). This increased
rigidity combined with their large size may explain the

Produced by The Berkeley Electronic Press, 1993

high retention of LAK cells in the lungs immediately after
intravenous injection. Therefore, LAK cells should be
locally infused toward the target organ having tumor
metastases. In the present study, the portal infusion of
LAK cells through the transposed spleen was an effiective
method for delivering lymphocyte to the liver. However,
in the case of peripheral infusion, accumlation of LAK
cells in the tumor site must be augmented by other
methods; augmentation of the motility of lymphocytes,
or making a tumor attract the lymphocytes. Concerning
the latter method, Hosokawa et al reported that com-
bined anti-cancer chemotherapy using cyclophosphamide
enhanced the accumulation of LAK cells in the tumor
17).

Surface properties of lymphocytes control their traffic
and distribution in the body. Treatment with a crude
glycosidease preparation (18), trypsin (19), or neur-
aminidase, prevents redistribution of the lymphocytes in
the body. Many treated lymphocytes do not home into
lymphoid organs but are trapped in the liver until normal
membrane properties are recovered (20, 21). We also
observed in this study that N-LAK cells were trapped
more in the liver and less in the spleen. The liver was the
only organ in which increased trapping was found.
Neuraminidase-treated rat lymphocytes have been report-
ed to adhere strongly to rat hepatocytes in wvitro (22).
Treatment of lymphocytes with the proteolytic enzyme or
neuraminidase has been known to increase cell mediated
cytotoxicity, antibody-dependent cytotoxicity (23) and
NK activity (24). In the present study, cytotoxic activ-
ities of LAK cells were not augmented by neuraminidase
treatment, but the infusion of N-LAK cells had a good
therapeutic effect on liver metastasis. Some other mecha-
nism may be involved in the effect. Since isolated he-
patocytes are mitogens for desialyated T cells (25), ac-
cumulated T cells in the liver may be activated to produce
any cytokine which may further induce killer cells. In
conclusion, N-LAK cells may effectively suppress liver
metastses by their enhanced accumulation in the liver.
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