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Analysis of Local Immunoresponses in Local Application of
Various Effector Cells in a Rat Brain Tumor Model
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Department of Neurosurgery, Sapporo Medical College.
(chief : Prof. K. HASHI)

ABSTRACT Adoptive immunotherapy with lymphokine activated killer (LAK) cells and interleu-
kin-2 (IL-2) has been shown to be an effective approach to treat cancer patients and for established
tumors in animal models. However, the precise nature of local immune response induced by LAK
cells at the brain tumor site remains to be determined. The purpose of this study was to; (1) evalu-
ate the antitumor effects of LAK cells on experimental brain tumors and analyze local immune
response at the tumor site, and (2) determine if different effector cells caused different immune reac-
tions at the tumor site.

Inbred 7-week old F344 rats were inoculated with 1X10* syngeneic gliosarcoma (T9) cells into
the right basal ganglia. Ten days after inoculation, different immune effector cells (normal spleen
cells, immune spleen cells, tumor infiltrating lymphocytes (TIL), and LAK cells) were administered
intratumorally using a Hamilton microsyringe apparatus. Normal spleen cells and immune spleen
cells were found to be eytotoxic against only natural killer (NK)-sensitive target cells, whereas TIL
showed cytotoxicity against only T9 cells in terms of *'Cr release assay. LAK cells showed strong
cytotoxicity against NK-sensitive, NK-resistant, and T9 cells. Immunohistological analysis revealed
a more intense accumulation of CD8-positive cells at the tumor site after injection of LAK cells than
that of TIL, immune spleen cells, or normal spleen cells. The therapeutic effects of LAK cells on
this brain tumor model was also statistically observed.

These results suggested that LAK cells not only kill T9 tumors directly but also induce local
immune response at the brain tumor site. (Received December 27, 1989 and accepted January 25, 1990)

Abbreviations : IL-2  : interleukin-2
CGF : cytotoxic cell generating factor LAK : lymphokine activated killer
CSF  : colony-stimulating factor MLTC : mixed lymphocyte tumor cell culture
Con A : concanavalin A MoAb : monoclonal antibody
CTL : cytotoxic T lymphocyte Mg . macrophage
DAB : 3,3-diaminobenzidine tetrahydrochloride NK : natural killer
E/T : effector/target _ PBS : phosphate-buffered saline
FCS : fetal calf serum PHA : phytohemagglutinin
FACS : fluorescein activated cell sorter PPD : purified protein derivative
FITC : fluorescein isothiocyanate TIL : tumor infiltrating lymphocytes
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Fig. 1 Intracranial growth of T9 cells.

Inbred 7-wk-old F344 rats (body weight about 170 g) were inoculated
with 1X10* T9 cells into the right basal ganglia.
Hematoxylin-Eosin at day 5 (a), day 10 (b), and day 15 (c) (X17).

Tumor tissues were prepared and stained with
Tumor cells with large and mitotic

nuclei and sarcomatous component were seen (d) (Xx170).
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(a) Intracranial tumor volume of T9 cells plotted against days after the inoculation performed with the
The mean size of three inoculated tumors was measured

(b) Correlation between the tumor volume and %body weight gain calculated as a ratio of body weight
gain in the tumor bearing and normal rats. . There is a negative linear correlation between these

two variables.

Table 1 Phenotypic analysis of normal and immune spleen cells, TIL, and LAK cells

9% of cells reactive with MoAb

3B3® 10B5 1A6 W3/25
NSP? 53.9+8.3% 30.2%7.2 19.4£7.6 32.7£8.1
ISP 44.3+7.9 32.1£6.9 15.4£7.0 30.2+6.8
TIL 78.0%£9.1 41.0£8.7 3.9+2.8 4.6x+3.8
LAK 63.1+7.1 52.8%5.6 6.1+4.8 29.0£7.4

% Mononuclear cells were stained by immunofluorescense with R1-3B3, R1-10B5, R2-1A6, and W3/25.
® Values are expressed as mean+=SEM of three separate experiments.

S NSP: normal spleen cells,
lymphokine activated killer cells.

ISP : immune spleen cells,

TIL: tumor infiltrating lymphocytes, LAK:
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Fig 3 E/TH 240108 & ©°Cr release
assay X BAIEE 7 » P, RES v B
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EL R LI EET v MR TIIKS62 i3
killer {%#:42 19.3%, Daudi, T9 #ifgizx L Tizth
Fn2.8%, 3.T%Thok. BET v FEMEIETH

B £ A

FLBREE BE

Fh27.4%, 6.2%, 7.9% & NK S B EFEIDGR
Hbhhfe. TIL TREATN2.1%, 1.4%, 26.4% &
TOMBEE L TEEMmcE G killer B AR L L.
LAK #8127 Fh 38.0%, 32.1%, 22.0% :EH
JEEER A B killer HMEL R LT

7 ® normal spleen cells
[} immune spleen cells
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484 B LAK celis

especific lysis

L
N

Fig. 3 Cytotoxic activity of normal and immune
spleen cells, TIL, and LAK cells against
K562, Daudi, and T9 target cells. The values
are expressed as the percentage of the specific
chrominium release +=SEM of three separate
experiments (E/T=40:1).

Table 2 Phenotypic analysis of tumor infiltrating lymphocytes

3B3® 10B5 1A6 W3/25 Asialo GM,
NSP 1day aft.® =+ + + + +
""""" NSP3daysaft = = 4+ o= o+
ISP 1 day aft. + + + - +
------- I :SP 3 days aft. ++ -+ . + -+ + +
TIL 1 day aft. + 4 + 4+ ++ + +
''''' ML Sdwsat. = — o+ : -
LAK 1day aft. + 4 -+ + + - +
""""" LAK 3daysaft. 4+ 4+ ee = a

# Tumor specimens were stained by immunoperoxidase techniques with R1-3B3, R1-10B5, R2-1A6,

W3/25, and asialo GM,.

® The degree of mononuclear cells's infiltration were expressed as follows.; strongly infiltrated (++),

moderately infiltrated (+),
S NSP: normal spleen cells,
lymphokine activated killer cells.

rarely infiltrated (&),
ISP immune spleen cells,

none (—).

TIL : tumeor infiltrating lymphocytes, LAK:
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Fig. 4 Immunohistological analysis of tumor tissue treated with normal (a) or immune spleen cells (b, ¢, d.
Mononuclear cells were stained by immunoperoxidase techniques with R2-1A6 (a, d), R1-3B3 (b), and

R1-10B5 (c) (X170).
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WRFTEE L, BESREZEERDIEIZIR L LT
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Fig. 5 Immunohistological analysis of tumor tissue treated with TIL. Mononuclear cells were stained by im-
munoperoxidase techniques with R1-3B3 (a), R1-10B5 (b), R2-1A6 (c), and W3/25 (d). The majority of
mononuclear cells were stained with R1-3B3, R1-10B5 and R2-1A6 (X170).

b D 90% & e H A THET 5 L, BT 16 H, IE
WM T13 8, REBRMRTIIA, Thorkh
LAK #ifair 53T 25 HTh - 1o, HEtFM
LAK flifa#: 58 D 2B B IR E R A O 23580 5
i (p<0.05).

LAK #il g o # 5 il B 0 % 5X10° {@, 1x10° &,
4X108 & LicBEIm DWW CTHRE LR R, AEiKE
B O AR Hhtco i LAK #ifa 4 X 10° Ei 5
BOXTH -1 (Fig.8) (p<0.05).

3:6 IEBEENRERIC

B0, 3, 7, 10, 15 H B OE Mg K % ikiE
By b, RbONCETFEES v MW~ Con
AT A RIGENMES S L ORTEED &b 501
JERRETH » THHEME AT L ai - THEINS 5 @A
ARG, MEES v bEMETIE3EE 10 HE TR
BGOSR St BEED 2.7 %0 *H-thymidine D
NAZDD - 7z (Fig. 9a). MLTC T3 MES R L O
ETEHEDOEbLORG IFAERRIEEEL, KIEG
OO — 7 37 HEBTEhERRO 8.8 £5,

7.3 CHETIES 7 v b EMR AR 15 B Bickyw,
T3.1fE0H b Aa B bt (Fig. 9b).

4 % =

41 FMARICEALIZT Y MEEBFETIVIZOWT
REF D EERES & 7 L TIREEOES ML A B iE
T A EEET % E oM EmIcEL, ¥
BT AR A H BT D R ERE 3 5 7o DR 7o B
I LT Teds » 702, £ TH L IES s
BRPHEERIE L K M3 5 72D LA T D X 5 7ok
HROMEE T ANMELE IR, D BRIZEET
HREFIGENC &, 2) BENE S THo—ERRILL
LA TH B Z &, 3) TUEBESHRIEE G L OBIR
TIHECTE 5 L% TH 5.

1) ZBL TARRICA G- E T B RBEEICE
HHFE R AE 2 BT % 71T syngeneic 7efES & LT T9
gliosarcoma # fi\>, 1X10* & Z < D E AP
L7 SREEBFRRITOK R, T9 Miar ks
BEALTWAEEEICIZY v <BR7 D 0N Mg 0B
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Fig. 6 Immunohistolgical analysis of tumor tissue treated with LAK cells.
immunoperoxidase techniques with RI1-3B3 (a), R1-10B5 (b), R2-1A6 (¢), and asialo GM, (d.

%body weight
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Mononuclear cells were stained by

majority of mononuclear cells were stained with R1-3B3 and R1-10B5 (Xx170).

=— PBS

normal spleen cells
immune spleen cells
— LAKcells

Injection of "
effector cells

5 10 15 20 25 30

days after T9 inoculation

Fig. 7 Effect of intratumoral injection of various

effector cells on the tumor growth as reflected
by the differences in body weight in the
experimental animals. Normal and immune
spleen cells, and LAK cells were injected
intratumorally to each 6 rats on day 10.
Obvious anti-tumor effect of injected LAK
cells was observed by delay of the occurrence
of body weight loss as shown by the solid line
(p<0.05).

%body weight

1201

110

The
—— P8BS
e 5 %10° LAK cells
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Fig. 8 Effect of doses of injected LAK cells on the

tumor growth. Half million, 1.0X10°% and
4.0x10° LAK cells were injected intratumor-
ally to each 6 rats on day 10. Anti-tumor
effect was observed by the injection of 4.0X
106 LAK cells (p<0.05).
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on day 7. Values were expressed as mean cpm=+SEM of three separate experiments.
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