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Leukopenia and Lymphopenia During the Radiation Therapy and
Their Recovery by Anti-leukopenia Drugs

Reiko Makidono*, Atsushi Makidono** and Keiichi Matsuura®

Department of Radiology* and Department of Experimental Radiology**, School of Medicine,
Kyushu University 60

Code No.: 405

Key Words:  Radiation therapy, Damage and recovery of
T or B lymphocytes, Anti-leukopenia drugs

The immunosuppressive effect of radiation is well understood. Therapeutic radiation can promote an
immune depression in patients with malignant tumors by damaging their lymphocytes and macrophages.
Definitive results concerning the effect of therapeutic radiation on lymphocytes demand rigidly controlled
materials and methods. We studied the peripheral total leukocyte and lymphocyte counts of patients with
mammary, esophageal and lung cancer treated by radiation with similar techniques. A significant decrease of
lymphocytes was observed in all patients near the end of their radiation therapy courses, confirming the
destructive effect of radiation. The relationship between the degree of lymphopenia and impairment of the
immunologic capacity of the patient remain to be elucidated.

When lymphocytes are reduced by radiation, and the patient’s immunologic capacity is impaired, the
growth of the primary tumor and metastases increases and secondary infections are frequent. No effective drug
has been available to increase the numbers of lymphocytes in lymphopenic patients. We have tested several anti-
leukopenia drugs including Cobalt greenpole, Cepharanthin, Glycyron, Inosie, and PVL-yaoi, to assess their
ability to increase the numbers of lymphocytes and enhance the recovery of their antibody-producing capacity in
man and in mice. Cepharanthin increased the numbers of peripheral lymphocytes —especially T lymphocytes —
in some patients, when administered continuously during and after radiation therapy. Cepharanthin, Glycyron
and PVL-yaoi increased the numbers of plaque-forming cells against sheep erythrocytes in the spleens of the
irradiated mice. These results indicate that some anti-leukopenia drugs are useful in increasing the numbers of

lymphocytes and possibly in restoring the immunologic capacities of tumor patients.
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BUE O BUHRRIREDS, BB, V) v <8RR
Dt o UIEEO GIERIGRE N R BEE L Tv B h
ESMEDONT, S FTRYBHRE IR T
VL iR v SATo Y v ojBRO R T UESERLL,
B /B T DONES CIERIE, TG 855 K e
EEE R JUE. B ) v 25kt h A REL -
WS I, BRI RISE T UIEE 054 -
BB R ET 5 RNH A UV Y, BYSET foT
HRERIE R ET L, o4 itk © sig
Ohle e BN BBV B0 HiE &
THTishh 5 AR B2, BIERE QY v
REEA Db, © BHE o ¥, @
fll DIEFFHEHR CHRE RIS SRR, i) &
DFFEIRY e IR £ 7o R e DRI T X 54
MR EOWML, @ HfiFY v FRoMilankEs
Bh ik % Aok I E I 0 78 RIS & BRI T e b
e bl

AT, BT O BAHERERES ¥ 3 EImERR
A, Vv SEREAAERL LTwanE 5 il
OREG] % T TA - L X v Bbhic T35 2
&, AR F & LTHE D S hty s 535 H
BMERA R L& Hic ) vAARR RN X, s
(BIE) BESIDEEE D b D [EH AR 2 = & 28
TELNEIDLLRBZEXHRNE L.

I BiR#ElE & UHx

A EhipEE

1. =9 A —#HORBC TN ERE Y
fHE v 2 — L) G S i 6 ~ 8 Mk DMEE 7=
3> C3H/He ~ v A% {lif] L7z,

2. HUF ; BRilfe Alsever Wi fpfE S o v
D RIER A GE A E AT A AT 3 EPElE L Ci L
TES

3. XHRERS 5 RISl AR X s
LREEEE) A L. BHEHx, 1.0Cu
+1.0AL filter 2335 U, & p R RHIRERESS. Scm,
200kVp, 25mA, 16R/min (34{ffif#0.59Cu) a4}
Lis.

4. ~ v A EAC-rosette JEI B fillla o sy ;
#RifEk (E=Erythrocytes) % e ¥ oimEk % {ifi

HIREZEH S RSN 8378 Hi25

(5% Sheep RBC in PBS 5ml
properly diluted anti-SRBC 5ml

incubation at 37°C, for 30 min.
wash 3 times with PBS

incubation at 37°C for 30 min.
with same volume of 10 diluted
fresh Complement (CF3 I mouse
sera)

wash 3 times with PBS

d
1% EAC in PBS (1x10%/ml)
Fig. 1: Preparation of EAC-indicator cells

W, %Y AHURMIERGfA (A=Antibody) 13CFy 1
Y A%25% b v LHRINERD. 2m] CERERE L T
4 H HOIHBMLME X v ML= b o, itk (C
=Complement) % CF, = v 2® s 4 %
M RER LT iR EAC %fER L+ (Fig.
D. = v AWMl EAC i % fnx Fig. 3ic
PEoT ey MMM S B L7z, EAC-rosette

2R B, 4 EAC-rosette SRR & b
NG F X — PR T ¥y PR L
AN AW Do L X D B L.

5. ke MFaCE mBEGRHIND) O#IgY: ;
KRBAL 7 N — 7 MG < v AD MligE WL,
¥ & THlIaIFE A 1R L SEBnc it Lis . %l
FEEH B o B E k13, Jerne-Nordin #:™ = fto
To.

6. FIMEKIELH] ; 20+ 7 ) — vl —aiE
Hhe (Cobalt greenpole) (JEIEMBAL:4t),
77 7 vF vEHWE (Cepharanthin) ({LHF4: 38
Azfl), 7V Fwr v (Glycyron) (3775 —4
vBIED, A 7 v —(Inosie) (FRFHIEHRLH),
Freeze Dried PVL-yaoi (B JE# Sk,

B. BRHFEMIC X % PF9e

Lo SEGU 5 BoEE o BRI i m sk, v
VARREC BT TR E L b~ B i b OfERIE,
FEFN484E 1 3 1 A X b BEFISI4E12H 31 ¥ TiciL
KRBT AR Ue, 20l & i o 407
L TWinh, HEHEEBES L Un ol &,
FIEDMERIBEHES & D #EAE . BRI
MEREEH| =7 7 5 v F v 2P LT, E0HEH
R LoD OfER (Table 1), 72500
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Table 1. Number of patients treated with Cepharanthin during and following the radiation therapy

—_ Route and length

_of administration per o3 e - Sl it
Fatients T e | o | Sveew | e
Carcinoma of the esophagu:q‘_‘qﬁ o 2 0 ‘ 0
Carcinoma of the lung 0 7 0 0
Carcinoma of the breast 3 5 0 1
Malignant lymphoma 1 4 4 1
Other malignant tumors 4 3 1 0
Total - 8 21 5 2 |
@gﬁmdemMMmd %ﬂ T ORIERE & LT OIEB GIEHESIE, IRANS505:

layer on 3 ml of Ficoll-Conrey or
LSM solution (8.G 1,077)

centrifuge (400 g), for 30 min.
at 18-2(§°C

collect the lymphocytes by aspirating
the layer on Ficoll-Conray or LSM
solution

resuspend in HBSS (10% FCS)

centrifuge (240 g), for 10 min.
at 4°C

-resuspend in PBS and adjust
|cell number to 5x10%/ml for]
“EAC- and E-rosette formation

Tig. 2. Separation of human lymphocytes

104 1 A X b IEns24 3 A31 8 ¥ Coc ARk
B UL B BIE X D BA K. AT IR
TR SRS b, A X O o sl
R TEEL ODhBRALHEE L TELT, +
7y 5 vF v P4 0 BmERESH, FIERIEA
(ex. € == % AL C-iow fERAE
M s Uiz,

2. bt I} EAC-rosette, E-rosette JREH O
Bk RRIM X b v v osERE RET S JiHE ik Fig.
2R Lic. fEaAile (BEAC fiflg) o fERcEE,
EAC-rosette, E-rosette J% B i HH #13 Fig. 1,
3, 4 WiRLiz., ChbOHBXFEAMELTHD
DI L o7,

3. BIMERMEHIO v P ~DEGEE ; B fTERE
SHNI BB CED R R D RF OF L 7

7 I VFVEBAL. BTG T, #H60mg,
Fogb T, MAN~100mg X Ui,
m % g
A . BhMpEEE:
+10 microliter of fetal calf serum (Gibco) 1. =R RlEdarh Ok 8 o2tk
' %> B {1 (EAC-rosette) (bR p: ; C3H/
He =y A% 1 BEBILL L T 6 FHEAHEL, R~
S00R #-clO00R RfECHASE L, Rag24 R H e &
BEIR  B( Bk > EAC-rosette JERL B i
¥ra L B3tz (Fig. 5), EAC-rosette % {E% Bl
15 min. in PBS bath (wash) faoBuy, BEHREI T2 & &bl Ui,
. S C RUBHEHRIC X % B MRS B RrR 0
EAC-rosette O¥crE b o ExRLA.

the rosettes under microscopy
Fig. 3. Method of EAC (B cell)-rosette formation 2. AMEoE mERESF o e X 5 HEE

1 microliter of spleen cell (mouse) or”lymphocyte
(human) suspension (5x10°%/ml in PBS) for each
well of Falcon # 3034 plate (PLL-coated)

15 min. at roorn temperature

30 min. at room temperature
wash 3 times with PBS
|
+-10 microliter of EAC-cells (1x10°%ml in PBS)

incubation at 37°C, for 30 min.
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1 microliter of lymphocyte suspension (553 10%/ml
in PBB) for each well of Falcon § 3034 plate
(PLL-coated)

15 min. at room temperature
+10 microliter of fetal calf serum (Gibco, FCS)
30 min. at room temperature

remove fetal calf serum

|
+10 microliter of E-suspension (sheep RBC,
1x10%/ml in FCS)

incubation at 37°C, for 90 min.

over night (10-12hrs.), at 4°C
|

turn over the plate
30 min., at 4°C

15 min. in PBS bath (wash)

BCB-staining, and counting
the rosettes under microscopy

Fig. 4. Method of E (T cell)-rosette formation

AHE) O Wi & B S A 1E ; C3H/He ~ v
A% 1 BEI0PE L L, Group A (3JEHASIRE,
B, C, D {3300R &L XM &L (Fig.
6). Group C, D i £HEE MEMEHI A B L LI
BT, AE DL O HBEE OI00EE 4+,

Group C % FRAE#E & D 10H[H, Group D {3 &
HERIOHH XD IORMEIEL 2. 7YV F v T
k, HAIOHMEE TH S Lic# (Group C, D) 4
I Uiz, [BEH#20H H i Group A, B, C, D

Group

HAEZHARESHE B8 B125

[
=1
=]

=
=
=

100

/

Number of EAC-rosettes/ msspleen cells

R T 200 300 700 500
Dose of irradiation (R)

Fig. 5. Radiosensitivity of EAC-rosettes in the
spleen (C3/He male mice)

- Day 0 Day 10 Day 20 Day 24
Group A 1
R SmBC PFC ussay

Group B

300R SRBC PFC assay
Group C —EmSdaRiiie +

300R Drug, i.p SRBC PFC assay
Group D =—t——or e ——

300R Drug, i.p  SRBC PFC assay

Fig. 6. Protocol of experiments (C3H/He mice)

I225% & ¥ LRk #A0.2ml EEL T 4 H H ool
T Fufk g Mkt 2 L H~te. &5 o PRl
fa%, MR 1 b ofidkEA M s & oM
Na10%E & 7= b Ok pEA: Mg, Tables 2, 3,
TR LT, ZEOF T X 5ERERE, HRw
72300R 45 X&ifAS~» A (Group B) o [Eg
200 HobifEpELEETNT, JERE Group A o
11.8%11.2% ThH2oiz. 300R 45 X Ei a1,

Table 2. Number of spleen cells 24 days after X-irradiation with or without drug treatment

- " Group A Group B 30‘§¥:ou]p gf . Group dD
rugs R 4 drug] 00R + drug
- [OR] [300R] early 10 days_l [the 10 days ]
. 413X 10° 352 x10° 271X 10° 298 % 10°
1. Cobalt greenpole 180 336 368 201
2. Cepharanthin 214 151 211 291
3. Glycyron (Glycyrrhizine) ggi* g?g* gél’?* g%*
4. Inosie (Inosine) 215 248 260 301
5. PVL 306 144 116 207
*

Route of administration, s.c
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Table 3. Number of plaque-forming cells 24 days after x-irradiation with or without
drug treatment (PFCs/spleen)

Group A Group B mgﬁoup C ~ é?noup D
Drugs ‘ : -+ drug JOR -+ drug
[0R] [S00R] [early 10 dzg_ys] [late 10 days |

- ! 86040 9360 1080 6400
R el 90000 2400 1920 1440
2. Cepharanthin 31000 9100 16000 18700
~ ‘Gl ok 272412 78012 50400 97200

3. Glycyron (Glycymhizine) 133200* 3720* 7680* 12960*
4. Inosis (Inosine) 64800 3672 2475 1595
5. PVL 21600 2400 5400 6600

* Route of administration s.c

Table 4. Number of plaque-forming cells 24 days after x-irradiation with or without
drug treatment (PFCs/10° spleen cells)

b Group A Group B Group_g! " Group D
rugs i 300R + drug JOR + drug
[0R] [300R] [early 10 days [late 10 days ]
~ 208 27 4 21
1. Cobalt greenpole 500 10 5 7
2. Cepharanthin 145 60 76 64
~ ‘Gl e 783 272 136 227
3. Glycyron (Glycyrrhizine) 438% 14% g A6%
4, Inosie (Inosine) 301 15 10 5
5. PVL 71 17 47 32

* Route of administration, s.c

Table 5. Effectiveness of drug treatment on recovery of humoral immune response

in 300R irradiated C3H/He mice

PFC/spleen © PFC/10° spleen cells

Drugs Group C Group D Group C Group D
300R + drug 300R + drug 300R + drug 300R + drug
early 10 days late 10 days early 10 days late 10 days

1. Cobalt Greenpole —_ — - —

Cepharanthin - + = =

Glycyron (Glycyrrhizine) +* ¥ s RY

Inosie (Inosine) — == = =

L= =N I T~ R

PVL -+ + + =

* Route of administration, s.c
(+) effective (Number of PFC was twice or more than that of irradiated control mice).
(=) not effective (Number of PFC was almost same as that of irradiated control mice).
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FEHl oL X >, Group B X b & g7 b
DYk EEENRREL A% in UIERRSS Group A i
DWWk, €7y 5 vF v (Group D), 7 ) 5
v v (JEFHE Group C, D), PVL (Group C,
D) ThHot. Fic10MEOMEMIS - » OHik
PEAMIRAS ML o, ZVFev (EF
5. Group D), PVL(Group C)TH27z, LizHt
2T, FMEKEEHID 5 bHikEERET DS
LOEREERET HIERAR S OO, v 75T
vFv, #VFrv, PVL Tt (Table 5),

B. [EIRAEGIC X % Doy

Lo FUE, R, N iR o FRi b
EIMEREL, U v B~ opE

FUHE DM RS 2 BENEAL U oY (B
X b [fgBEz 6000rads, i, 48 [-65i125000rads, 1
B B AR & 200rads/day) T454 3 HREWCK T Lic
10610 FREHREF © FEREmER, ) vE o
A Fig. 7, R Lic., AN TR FE1/2
R L7 [ T RSTEF K A% 1264-3Tcm?,
BIER 2, 1 [EFRLAR R 150rads/day, 4 REHEE
6000rads %56 2 H [ TS L o 1241 0 B4 AR
FROEREYE MER, v v -8k © & Fig. 9, 10
iR L. g cil, #EEcE s EEy &
B, [EIFEAL & KR % Ao e IR EF IR 23134
+63cm? -G | [Ai§ 345 i 200rads/day, 4B SHEE
V2 fESS 12 7000rads, EfRE 12 4000rads -©78~80 H ¢
TG U7 1461 o JBEHIR b o BERAYE mEk,
vARROHE Fig. 1, 1200, 98, &
B, T hofERc s WTh, REHRBEC
XOoTRMMFP OB MmER, U vBREUT SRS
BRI Uic. 2 LR TR, 9
FECIREBIART O B MBERE D71%, V) v Bk
D56%, iR Tk RIS O B mEkE 060
%, Vv ARRED34%, Wi CiRERBRRTOE
MXRFLD58%, V v BRFD28% & ivo7-.

2. 7y 7 vF v (Cepharanthin) o EH14
B X ORI TR 0B 5 o FRg i & mnEkE
TebUWR ) vABREIC g3 E ;

w7y 7 v vk —EMERGR S L eSO
PER% Table iR Uic. BHiaiEhic v 7 »

HAREZERMREQM]E H378 128

T,

G000

so0d

w =
e =
o =
=3 =1

¥0. of leucoeytes in blood/ mm>
s
2
2

1p00)

1 20 30 40
Days after the begining of irradiation

Fig. 7. Blood leucocytes during the radiation the-
rapy of breast cancer
{ Breast cancer )

o 60,
ca
M ox ] 16x4 em? (1)
2000 oA 6000 rads
1 10516 em?(I1)

N i 5000 rads
= Tumor dose; 150 rads/day
“g 5 days/week

j‘; Average period; 45 days
1= \

4

i 1000

2 \[

o 10 20 an 40 50
Days after the begining of irradiation

Fig. 8. Blood lymphocytes during the radiation
therapy of breast cancer

% v 7 7% 0~100mg/day @ifikE 0 Y- L 7= fE6)
(FL0% 5 6, RETHER1/2iC R4 U 7e Al 2 4,
HEBR S\ ERAZIC e U IifE 7 61D 1w T,

JRHPAMRER ORERFAY e MBRSL, ¥ v BR¥ a3k
B HIER (Figs. 7~14) L H~2 L wFh b ks
EIEP] & ORI A ELEE RS IehDk. fEEO—
M Fig. I5~217F Lz, v L w7535 v
7 v FHBRRE TR b BoRs L sic
follow up T & JfiEf) (Fig. 15, 16, 20, 21)
IR GRS (Fig. 13, 4imfisE Shp) ks
TY v _ERE LT £ @ subpopulation C3 % THi
fars B i (EED Lic. (BH X >TH
ALcAmER, Vv BREEHEBET S L
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9000

8000

1000

6000

3
-1
-

4000

3000

of leucocytes in blood/ mm

e

2000

1000

50 (1]

"o 10 20 40 50
Days after the begining of irradiation

Fig. 9. Blood leucocytes during the radiation
therapy of esophageal cancer

\.. { cesophageal cancer )

‘Co F)
B - 126437 en’
. €000 rads
-

* Tumor dose; 150 rade/day
week

5 days/
10 20 i ) 50 60
Days after the begining of irradiation

2000 Period; 56-60 days

¥o. of lysphocytes in blood/ sm’
a
2

Fig. 10. Blood lymphocytes during the radiation
therapy of esophageal cancer

<, RIERERATT OB BE 3 5 R, Fig.
T~12 R LICEf clk, SBEB O T Tl st
fFisbhhTuwishofcizs, RKDHZ EMTET
nol. BblkdTe7y 7 v v S ORE
BELUGEAY, 1R CRHER T, [ R
B X B3 6 FER, RERE S FEF, MR 8 EG
TORMBK, V vk (THile, BME) o
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3000
cae

oo

€000 "“'u\

5000

e w“x N

000

¥usbor of leucceytes in blocd/ me’

2000

1000

o

L] 10 0 1 a0 40 (1] 10 8o
Daye after the begining of irradiation

Fig. 11. Blood leucocytes during the radiation
therapy of lung cancer

Ao~ Lung cancer }

y il L1 3
\' Ef 10436) em” (1 + IT)
4000 rads(1)
= 7000 rads (111
2000
Tumor dose; 200 rads/day

5 days/week
Poriod; 78= 80 days

{\+~F+\+4

10 0 30 40 50 &0 70 80
Days after the begining of irradiaticn

Ho. of lymphocytes in blood/ mm®
s
2

Fig. 12. Blood lymphocytes during the radiation
therapy of lung cancer

P & 6 Allicbico T, BB OB
a5 o Eidieiois),

W EEER I+ 7 » 5 v v #60mg/day, 3
JRME DA F e Ui s (LS 1 6, By v
A5 6, BE16D ik, WwThd Fig. 22
ARTME—BYED Y v BRIEE, THIHES A%
sht.
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Irradiation
T A
s
i 600,
t!.!xl!ﬂ:z
. €120 rads
Ay 2
6000 ] e Leukocytes e
LI Copharanthin 90 marday, per oa e
<
P
H
§ 4000
i
% 1000
_E Lymphocytes "
el  ammsemmmmETTET
T-Lynphocytes
1000
) 10 20 30 40 50 &0 70 L1 w0 100 110 120 30 WU
Days after the begining of irradisticn
Fig. 15. H.K. (Female, 43 years old. Mammary carcinoma; Infiltrating duct carcinorna. TSNIMO)
lll‘nlunun
wsoo
/‘ﬁ‘\ (N2 rev Eleetron
» e s
ﬁ::;m._. e~
onsen? ";- Crsaieamat e :;;.\.n.h
i 4500 rada 30 mafilsy.  per g ) = '. 104 Pharanthan -’ ey, per ow
3o \,’,/‘/ Za i
E ;
3 unoo N
i i AN
% el  10e ""'-"“'___-D\-\\w Lomioeyan —,
- ‘-..‘ /—-\f’
i reon
= 2000 A~
1000 \‘H‘/— 1008 Limphacytes
— s
—_— B e -—-—-;-‘-...\-——__..__.

T TS

Fig.
carcinoma; Infiltrating duct carcinoma. T2ZNOMO)

s
g

Wusber of blood cells/ s’
“ -
I

2
g

0
1 w i Dur: arter the beqining of irradistion

Days after the beginis of irvadistion

Fig. 17. N.W. (Female, 80 years old. Esophageal

16. M.F. (Female, 45 years old. Mammary
cancer; Moderately sequamous cell carcinoma.)

/ {\\60

v  Bgtertron
ﬂHxllﬂl
6000 rads lﬂw rads
(lll?sﬂ e-
mt“nu-
40 masday, per og

ku\m:yuls

TN T

VAN e

“-\_______. Lysphocytes —
,__-—-________:-__ ! "\..._—— = S 1 L —— Ty
h-sr-'"- H-Lymphocytes
] 0 ] 50 =T TS I T At

m,u arver e uexmm of Srradiation

Fig. 18. ILN. (Male, 59 years old. Lung cancer; Small cell carcinoma.)
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Cepharanthin 90 mg/day, per os -

Bays  after the begining of irradiation

1 i e T TS |
oS e, S i
— e randl A
— . a —————— - - = - 4
— =
10 ] ] ) 50 50 0 i 100 L) 120 1o 13

Fig. 21. N.K. (Male, 52 years old. Lung cancer; Large cell carcinoma)
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Fig. 22. T.K. (Female, 34 years old. Malignant lymphoma; Reticulura cell sarcoma)
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