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Dynamic Analysis of the Peripheral Blood Lymphocyte Subsets
Following the Intensive Treatment for Patients
with Malignant Brain Tumors

Hiroshi MORI

Department of Neurosurgery, Brain Research Institute,
Niigata University
(Director: Prof. Ryuichi TANAKA)

To investigate the influence of the intensive treatment for malignant brain tumors
on the cellular immunological functions, the dynamic changes of the peripheral blood
lymphocytes subsets during the therapy was studied.

PBLs collected from 21 malignant brain tumor patients were examined by two
-color flow cytometric analysis using Leu series monoclonal antibodies. Patients were
divided into three groups according to the treatment regimen; (R) brain irradiation
only, n=4; (A) (R)+1—-(4—amino—2-methyl-5—pyrimidyl) methyl—3—nitrosourea hydro-
chloride, n=7; and (I) (A)+0OK432 or interferon—g, n=10.

Results presented herein are summarized as below; 1) T (Leu 4+12—) cells have in-
creased in all groups and B (Leu4-12+) cells have decreased significantly (p<(0.05) in
groups R and A. B cells have also decreased in group I. 2) All groups showed an
increase in activated T (Leud+HLADR+) cells before the treatment. Moreover, in
groups R and A, these activated T cells have increased significantly (p<0.05) during
the therapy. Activated T cells have also increased in group 1. 3) CD4/CD8 ratios
have decreased in groups R and A. In group I, however, it has remained nearly con-
stant during the therapy. 4) Cytotoxic T (Leu2a+15—) cells have increased almost in
parallel with activated T cells. So, the major component of the increased activated
Tecells were thought to be the cytotoxic T cells. 5) Strong NK (Leu7—11+) cells have
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increased in all groups and moderate NK (Leu7+11+) cells have increased in groups R

and A.

Our data may suggest that the immunological states of the patients, especially

those treated with biological response modifiers, get to be favorable state from the

view point of the antitumor immunity during the intensive treatment.

Key words: malignant brain tumor, treatment, lymphocyte subsets, biological

response modifier, flow cytometry
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ErEEEE T, BEREBeb T TR, B
DORBEREBRE L Ik X h Y, REECETLTY
DEAMLRATVAYY, BEH 5 Ik EERI A
WL, B EhREIR L2 S DY,
RSO I EE A bR d e b o, FEE,
FHEE /7 u—FAHFEORREIC LD, Flow cytometry
BRVGIEBMY v Bk 7w b D two-color SEFT
PERL, BHEMEBBEAEZCEVLTL LEMA
immunological monitoring MfThh s L5l -T
Fh0 .z TAE KT AFH, HHR BLUR
FALFREE 2 S0 L EFNRERY, BEOMMAN B
BB R TRELS A5 BT, WNREE, B, KT
B BERMEMAERL, Vv BREREHED twocolor
AT HATV, WBERFENOEREHE Lo THET 5.

MNRESUTHE

1989 £ 5 A5 1991 24 A ¥ TRMBHICABLL, #
BHEER L L TEEmIN & o R TR, BARR
BB (50~60Gy) & L < RS Elkd 5 Lk
R LA R & h, ERAAIHEX A S ko1
BATF v+ FEEE RS (B A — <194,
EBRERE 2 6), BB, THIsfERRE L
ERT26E D HT0R, FH50.7MTH - . BEIWN
BOWHEBEF LI LT O 3 BIc 0T Lo (Table.
1.

B,

I) RgEds R n=4)

ERERNEEO 2 5, By Vol LRI EET
BoTloBYES Y A —<O 1R L OHEBBES gliosar
coma TH-T 1 BIOFHAH (B¥2H, &tk26, P
HIE 8 60.0 7).

1) {esegcEptme (A 3 N=D)

W& 1-(4~amino-2-methyl-5-pyrimedyl) methyl
~3-nitrosourea hydrochloride (ACNU) O£ &# 5
(& 118 50mg BHvEx 4 B 7oidid 2 Hic 18 100 mg
BiEX 2E), H50IEeHHSERFHES (H2E,
#E 5me, 2EEDE 12.5mg) OFELFHELLT7
Bl (B3 6, k4 B, FHEE 5.3,

IT1) SeE(b¥EEptmE I % n=10)

ACNU i OK432 oRf#s (28w 1E, 0.01~
0.1KE/[E) %4t L7561, OK432 OR#45 Tl
i, RBEORFANEVWA 2585 GEZE, 1.0
~2.0KE/[E, KTE) #HEfT L 24lE L 0 Interferon
B oLHEYy CH3ME, 1005~30075 1.U./E, A
BE) »ifT Lic 3F0F108 (B3 6, otk 74,
PR 46.6 5%) O 3FRCAT Hhs. T BEREAL
Bl (BHSE, k5B, FEEII22ED 54258, T
28.28) Havbhu—nEE (CH) & L7k

FERMIFIIE, A7 oA Vil S OREERYERT S
THEEOBGEROEE TR LA SRRV EHE L
bt ¥ oREERStHORE, BEEOERK L
BEBOBER, 7V o252 OKBRE, BER, i
bR LVHIET L.

BERMEMIT Fig. 1 @R LM< —HEOHEH,
r, EHEO3[E, FEZEERC~0) L, £k
{2 T Fluorescein isothiocyanate (FITC) # %\ id
phycoerythrin (PE} ##& Becton—Dickinson (B-D)
#HE Leu vV —XE/ 7 o—FAfilkEEEEARD
# (Leud/Leul2, Leud/HLA-DR, Leu3a/leu2a, Leu
3a/Leu8, Leu2a/lLeul5, Leu7/Leull) TTEHEMEL,
AL < B-D #% FACS Lysing Solution ZHTH
MmEEE, Tov v BEEFREOESH% BD #3 flow
cytometer FACScan & THHT L7z,
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Table 1 Clinical summary of 21 cases

N CASE AGE SEX LOCATION |HISTOLOGY| OPERATION |RADIATION| CHEMOTHERAPY [IMMUNOTHERAPY
1. Radiation only (R) group
903 K.I. 60 M Lt F-T meta. MFH | subtotal 60Gy | none none
9655 M.T. 65 M Lt T-P gliosarcoma| subtotal 60Gy | none none
9688 Y.S. 65 F Lt F-c.c. ana.glioma | stereo. biopsy | 60Gy | none none
9772 F.G. 55 F pineal meta.carci. | subtotal 50Gy | none none
I. ACNU (A) group
9547 Y.T. 61 F Rt F ana.oligo. | almost total 50Gy | ACNUi.a. &local | none
9640 T.I. 58 M Rt F-T-P ana.glioma | subtotal 60Gy | ACNUi.a. none
9653 T.H. 40 M Rt F-—c.c. ana.glioma | subtotal 60Gy | ACNUi.v. none
9692 T.A. 64 M Rt hypothal. |ana.glioma | stereo. biopsy | 60Gy | ACNUi.v. none
9806 Y.I. 51 F Lt F ana.oligo. | almost total 60Gy | ACNUi.v. &local | none
9812 K.Y. 22 F LtF ana.astro. | partial 60Gy | ACNUi.a. none
9820 M.K. 63 F Rt F ana.glioma | total 60Gy | ACNUi.v. none
II. Immunotherapy (I) group
9312 N.H. 26 M Rt F ana.glioma | partial 60Gy | ACNUi.a. &local | OK4321ocal
9349 A.K. 28 F Lt F-P ana.oligo. | open biopsy 60Gy | ACNUlocal 0OK4321ocal
9369 S.Y. 66 M Lt T ana.glioma | partial 60Gy | ACNUi.a. &local | OK4321ocal
9542 M.Y. 59 F Lt F ana.glioma | subtotal 60Gy | ACNUi.v. IFNBi.v.
9591 K.I. 27 F Rt F ana.glioma | total 60Gy | ACNUi.v. IFNBi.v.
934 Y.H. 55 F LtF ana.glioma | almost total 60Gy | ACNUi.v. IFNBi.v.
9637 K.S. 47 F It F ana.glioma | subtotal 60Gy | ACNUi.a. &local | OK4321local
9719 S.T. 53 M bi F ana.glioma | stereo. biopsy | 60Gy | ACNUi.v. OK432s.c.
9780 T.I. 70 F Rt O ana.glioma | subtotal 60Gy | ACNUi.a. &local | OK4321local
9781 T.H. 35 F Lt F ana.glioma | partial 50Gy | ACNUi.a. OK432s.c.

Abbreviations ; F ! frontal, T : temporal, P! parietal, c.c.

Operation 1
Irradiation
Chemotherapy

immunotherapy

Examinations 1

| S R T

2

1

* corpus callosum, hypothal : hypothalamus,

meta ! metastatic brain tumor, MFH @ malignant fibrous histiocytoma, ana : anaplastic,
carci ! carcinoma, oligo ! oligoastocytoma, astro @ astrocytoma, subtotal @ subtotal removal,

total : total removal, stereo : stereotactic, partial : partial removal, i.a.

¢ intra-arterial

injection, i.v. ! intra-venous injection, local ! local injection, s.c. : subcutaneous injection
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Fig. 1 Treatment and examination schedule
of the patients.
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1) Leud+12-(T) #ifgid, WIFhoBTLHEHE
BE SRR R LTc ), BEARBEED I h -
7= (Fig. 2 Left). —# Leud-12+(B) #ERRIZH
R L I ETHRARXTRL, BCRE, ABTITH
FRIRFERTH 20.843.8%, 16.0+4.3%, ¥aH#H9.0

TA#EDI- (Fig. 2 right).
2) EHETHRTH S Leud+HLADR +H#ifid
WIEROBTLIBEIA S CHL W EEL TN <,
R, ABTThZThIEREIS 14.024.8%, 15.8+8.9

ES

+3.5%, 5.8x1.9% L xhXhEER (p<0.05) &
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%, MaREHEN 32.8£5.3%, 26.0+7.5% LK EL (p
<0.05) Hhn%ED, 1FETLHRBN13.847.2%, #
% 19.2+9.0 % S #MInfEA AR (Fig. 3).

3) CD4 Bl TH 5 Leula+2a— #fNIE, ARE
TR 44.84£10.0%, IR 34.0£11.5 % S BB
(p<0.05) EET %D, RETLHEINA4.8+7.1%
THoTeDiext L, HF#35.546.0% HETHAYH
Bfch, IRETIHECIEBIRE 37.1+6.7 %, 1H#E#E 44.8
*+7.3% LA AR L (Fig. 4 left). CDS B
MR TH B Leuda—2a+ il REECHEER, HEET
H4 27.5+7.0%, 43.0+5.3%ThHv, ABTLHERE
A130.9+13.3%, #HHEH# 48.5412.8% THY EhFh
HE (p<0.05) HmERHoX L, 1HTIRE
BEAT 30.9+9.1%, 1#HFE#£ 31.946.0 % & —~EDfE
%% Ui (Fig. 4 right). *0f$E CD4/CD8 HIER
FECIRMERT 1.6540.56, R4 0.86+0.26 L HE R
(p<0.05) ET%, ABETLHEHERT1.5940.99, B
#0.83+0.51 S LARE TFHEHAZRED O L,
I BT BRI 1.29+0.37, #AHHE 1.46+0.38 Zifc
WinER % #Ew e (Fig. 5).

4) Leu3a+8-(Helper T) fifuid, R#, AFETI
B e B EITERY T, I B TIAEN8.5+3.5%,
TR 10.4£6.5 % & B FHRMIMEAN % R, ¥
P EBEEYED L -7 (Fig. 6 left). Leu3a+8
+ (Suppressor/Inducer T) #fiE, RETHEEFT30.5
+4.6%, BEK26.5E9.0%THY, AFETLIHBHR
35.74+10.5%, i 27.8+11.5 % LIETHEE AR L
fodd, T BETIHBCHE29.047.9%, HBEH#36.0
+11.2 % E#IMER %R L (Fig. 6 right).

5) Leu2a+15+ (Suppressor T) fiflao R EEDOHEE
R OEI ST, %4 8.823.0%, 12.525.5%Th 0,
ABTLIBERI7.5+2.8%, HHFEHK 10.8+7.7 % L8
IR A Loy, 1 BECiic e 10.7+5.0 %,
BiE®R6.6:3.2 % SETEA ER L (Fig. 7 left).
LeuZa+15-(Cytotoxic T) #ifaid R B CIa#HI 17,3+
3.2%, BEEH27.0+6.5 % EHER (p<0.05)
b, ABETHIAIRET 26.0210.3 %, Wk 33.5+7.8
95 LB A A B ot L, I CIEHE
B122.246.0%, BEE2.024.4% E00 LB %
Bl -t (Fig. 7 right). ¥ EOERDE) T
AU A BEOME S, FBE2) R LB TR
3 5 &, Cytotoxic T filusiEd b TSRS
HCEB S E2—VERR LT

6) Natural killer (NK) #ifa<l¥, Leu7-11+ (strong

T cells B cells

l 80 O Radiation only
1 70
i “ + ACNY
&0
| O + ACNU and
| s0 immunotherapy
: % 40°
. —— * - —
' 30 [ ———
P 2ol T
. | L A I 1
. 10 SR N N e R SR S
L ol ‘;@.«%ﬂd
pre during post pre during post

treatment treatment

* p<0.05

Fig. 2 T (Leud+12-) cells (left) and B (Leu
4-12+) cells (right) of the patients
during the treatment.

activated T (Leud+HLADR+) cells

40 #
‘ *
| R - Radiation only
30 ‘
% 7 -
-
a0 | R | i+ ACNU
...... i S
10; 1 0+ ACNU and
i \r . ) Immunotherapy
[ ‘
pre during post
treatment
* p<0.06

Fig. 3 Activated T (Leu4d+HLADR+) cells
of the patients during the treatment.

CD4+ cells CD8+ cells
6 I
80 e [ — 0
- * ~
50 5C i T Radlation only
40- | a0 - Z+ ACNU
[— i o
30 0 ""‘ O+ ACNU and
20 20 g ‘ Immunotherapy
7 |
10 10 !
|
o dZA L 0-dA
pre during post pre during post
treatment treatment
* p<0,05

Fig. 4 CD4+(Leuda+2a—) cells (left) and
CD8+ (Leu3a—2a+) cells (right) of
the patients during the treatment.
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CD4/CDS8 ratlo

ORadiation only
@+ ACNU
T * O+ ACNU and
[ immunotherapy
2 ]
f
Lo
i
o |
pre during post
treatment
* p<0.05

Fig. 5 CD4/CD8 ratio of the patients during
the treatment.

Leu2a+15+ celis Leu2a+15— cells

40 Radiation only 40 e
2+ ACNU
3¢
I+ ACNU and
Immunotherapy %
20-
0T T -

o
S H
N

pre during post pre during post
treatment

* p<0.05
Fig. 7 Suppressor T (Leu2a+15+) cells (left)
and Cytotoxic T (Leu2a+15-) cells

(right) of the patients during the
treatment.

NK) #ifniz &8 cETHIMAR 2 R Lch, Hetes
I HBELR Db -1 (Fig. 8 left). Leu?7+11+
(moderate NK) #ifui3, RETHHEN10.3+£2.9%,

B 16.515.6 % HHIMER AR L, ABETL BT
8.3+4.2%, HFHK13.8+4.5% LHEN (p<0.05)
Wina @ik, I HTREHET9.2+5.0%, HEE
7.0+2.4 % &R TEE B (Fig. 8 right).

B6% FHIFEE6R

Leu3a+8- cells Leu3a+8+ cells

50 507
| T Radiation only -
40!‘ 7+ ACNU 40,
% | ’ %
30 1+ ACNU and 30
immunotherapy 1 A4 -
20- 20
- I
- - i I
c‘v
% % % :
pre during post pre during post
treatment treatment

Fig. 6 Helper T (Leu3a+8-) cells (left) and
Suppressor/Inducer T (Leu3a+8+)
cells (right) of the patients during
the treatment.

Leu7-11+ cells Leu7+11+ cells

T
20 20 e - |
" Radiation only f b o

15 Z+ ACNY

15-
T 7 -
~+ ACNU and - % 7
% | % 7
mmunotherapy Lo
o w2
. ‘ .
7 |
/ E | ‘
pre during post pre during  post
treatment treatment

* p<0.05

Fig. 8 Strong natural killer (Leu7-11+)
cells (left) and moderate natural
killer (Leu7+11+) cells (right) of
the patients during the treatment.
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T EMNESEERBLY v ARy T4y rBBCR IS TEYNERODE 541

BEREITHOHARES, &5V it Eit e Lo B ild v
FFARITREL, DLAFERREEGIEINS
AR R RICER T A ATREM DR X h, ¥ R
BEtHoFRE RS R

FEE—, BEABCHED ST T SEIER %
AL, BESCTHERAEEN» DEEYEL TV
Fim% <, Blrgfsds im0, BM
BIIREE, ABTEELETY, [HCLHLMLET
A %R LIS THA. BMlaOE T, MERRED
BHHEDOBIC M CBEIC L > TR L 58, TH
o, &obEETRROMING, HEERE
EVWHBENLIIEBLL-TEMEEZL LY. BAL
092, REHOBRMBEREEERBMY v Bk
T, EHALT Y v SBROEIG ML TV 2 F 4B H
HLTVAD, FRHARECOIL, BERR S icESE
L THIBA N LT WS TH 5. Chouaib 59 11,
radiosensitive T cell (¥ Interleukin-2 (IL-2) E4
OHIFICEE L Tu A0, By IL-2 EAN
B L, SRAEEN LRSS AFREL S D LT
5. SEHEHN LGEASL 2FARHEZT TR DL
BEFENEZONRDD, BRII»OREZEL VRO
3, EMREEOFENTIRRE S o n, mEsEM O
Blere bbb -T, FAC THRZEELELTHS
WML S L0TR RV LHEE IR o
BEMOBSHERE &\ - By, BEMROBE
REML, BErMEEIns Z lick, Rk
18 < THIFSA L 0 iEMAL S & B 5 I E T B ETRER:
LHBEOTIHIc L EHER SR, TR 0B, Wil
TULAIEML T ceytotoxic T MBTHA S
EBbhich, FES'DS BEM S -0 BEY
v SERICKE CD4 BBfEHIRE & CDS Bl s R L,
BEEME MHC 75 2 1 iRz & ToEFATEBET
BHoto, EBNTVBHEMNL, Major histocompatibility
complex (MHC) @ class I#E# 4 L #ilagEs
THIfG & 5 BEMEOBRE V5 A b d, SERE
L BEREMmY v BRoLRIFUEBRED S THF|
EHRCEBLTVWA LD EEbRl. i, KM
LEEERATCEE LA ERL cytotoxic T #ifadl, HLA
HEBMEREME ORI cytokine network ML X
h, BEY v \muEBHERERo Bk, L oiRic
@AM L L0 TRV EHE IR,

NK f#ifawcpBL td, HEHEEEL I strong NK
MR IR %, moderate NK it d BEE, b3

REOHREBcHIN L TR Y, EBAROIERERN R
SV D BRI & - THAEFIRFEAB T 2R S
hic, KESW L, NK M EsHRENM <, ME
EEEOKSBAEGE 3 EMUA T NK Eit
ERATAEAEZRDL, LHRELTVWE. SEOERT
LG T OB S TEEOEALED 10, RERE
BRI moderate NK #iBaniis LA LTE D,
SHOBH A ETL LEbh.

wic, FBHHRE, (SRS ER T CD4 BiEMia s
ETF, CDS BHMEsm Li-owext L, REREH
FBETIIRE RN, #EnE—EoEN MR ICh,
CD4/CD8 i FRaHHE, (L PRENCET LorxL,
AR B CICIMEA 2R L EEE S h
B, ek L o EMMEREE T CD4/CD8 LAET
LTWAEZIERIN T o pi202022) 0 gg 5,200 i3 58
WY —<EHTBBAVE2—T 21 vk G
Wb, Leula/Leula WAHEI A EBELTVWE.
SEIORERL B b, M, (LPRERH T suppressor
/inducer T #BAOEL &, suppressor T #ifE, cytotoxic
T MilEO#EInO %I CD4/CD8 HAVET LTuwicht,
OK432 # 5\ 2 IFNB &\ 7: Biological Response
Modifier (BRM) *8tB 3 5HIC L - T h b HAHH
Th, CD4/CD8 LoOHERFLh T 5. Tihebb,
BRM BF#HHHETA2HIC L h Y v /3 EREED homeo-
stasis HHEI N, BERBEC L - THRBE LD
EEZL bR

LU EORR A FBANCRHET 21k, EBREORE
2 BREATHORE L SBRETREFEEIE- T
B, SHBOBLELED D LRk SEELEbR.

Balzbiebizb, JfEY SEEBYELE
PR A BT RGR EA B e B E B —#R
B LS. FRBEEIEE CHEREXEL
rEEEEHR—HF, NEFREBF LR v
SEREEPFEOMEC CHNEE ¥ LLBHRAYE
AR IR B M A B R F s 0 & o Bl
- LET.
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