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Cytokeratin in Cerebrospinal Fluid of
Patients with Intracranial Tumors
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A new assay system for cytokeratin (CK) in cerebrospinal fluid (CSF) of patients with
intracranial tumors was established.

Antiboby KWS-1 was a murine monoclonal immunoglobulin generated from a fusion
of a mouse myeloma cell line with lymphocytes from a mouse immunised with the
cytoskeleton from established human large cell carcinoma cell line. KWS-1 was of IgG,
subclass.

KSW-1 antibody as characterized by immunoblotting identified CK subunit molecular
weight at 56, 54, 52.5, 46, 45 and 40 Kd and did not cross react with other intermediate
sized filament proteins.

Extensive assesment by immunoperoxidase staining on formalin or ethanol fixed paraffin
embedded human tissue sections showed wide reactivity in varieties of epithelial cells and
tumors.

An amplified sandwich assay was developed for the measurment of CK. Lower limit
of antigen detection of this assay was at 50 ng/ml.

CK in CSF of 57 patients with intracranial tumors and 14 non-neoplastic intracranial
diseases were measured. CK levels were elevated in metastatic carcinoma (5/20), epidermoid
(1/3), epidermoid carcinoma (1/1) and germ cell tumor (1/4), but under lower limit in

other primary brain tumors and non-nepolastic intracranial diseases.
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These findings suggested that the measurement of CK in CSF may be a useful tumor

marker in patients with metastatic carcinoma and some primary intracranial epithelial tumors.
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Radioimmunoassay (RIA), Enzyme immunoassay
(EIA) & X 24 (LENEREOESPE/ I 0 ) —
APREOISHEC L b, EXEEOZKPRESED
ekt sBE~—h—0FA%IIELLEEY, A
HWHEEOBCBECTRIAROLDELDD2H5B. Lk
L, EEAEBCk - TRVERAVWBhET—H—0
FhbirvEehL, HRECRESEORTLTLL
Tl ELY, L0ELOFLKEEY——-EE
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Fig. 1 Immunoblot analysis of KWS~1 antibody.
Cytoskeletal extract of large cell carcinoma
cell line (lanes 1 and 1'), GFAP (lanes 2
and 2°), vimentin (lanes 3 and 3'), desmin
(lanes 4 and 4'), and neurofilament triplet
(lanes 5 and 5'), were subjected to electro-
phoresis, transferred to nitrocellulose pa-
per and stained with (lanes 1-5) Gold-Blot
(ISS) and (lanes 1'-5") KWS—1 antibody.
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<, Epz 1983 1 Madri 5% piEEEZE M+
w CK M ah 384 EIA B2 AV To»THE
LiDATHY, EENEEZ RS LEHEZS
EhTuiou,

AP T, B CK £/ 7 nd—AHEefER L,
EIA %A TEMEERENKFRD CK ERETV
B~ —h—& LToFREC>WTHRE Lot
T 5.

MHBRUFHZE

1) E/78F—LHEOER
WRFCHINL Ui b bR SRR M R s sk s a8
Rakk (KI-8264) X b Regauer 58 OFk# - THl
B EATRHE L. HEESRETOREMIE PBS
TS, lysis buffer (140 mM NaCl, 1% Triton
X-100, 5mM EDTA, 10mM Tris-HCl, pH 7.6) %
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Fig. 2 Format of amplified sandwich assay
for detection of CK

Y ; KWS—1 antibody, 10z#g/well, immobili-
zed on polyvinyl microtiter wells, 4°C for
24hrs. 4 ; antigen (CSF), 37°C for 2hrs.
Y, rabbit anti—CK polyclonal antibody
(DAKO), 37°C for 2hrs. ¥ ; biotinylated
donkey anti-rabbit Ig (Amersham), 37°C
for 30min. O streptavidin-alkaline phos-
phatase (Amersham), 37°C for 30min.

Iz 5 5fE#HE. %&\T high salt buffer (1.5M KCl,
0.5% Triton X-100, other components as in lysis
buffer, pH 7.4) IcE# L305HHE. PBS THEL
Tt & v S, 3,500 g 100THIOBOEITV RV
FEEBIL, PBS WX AESEELE IERYELAR
M L D MR REE RS, CoMEBRERE:
Balb/c =7 AD K T IESH LEFEEIT T BEA
BEI LA 2BOEMBEOCHE, MMARELRELEY
FLY ) a—ADFETE YR zo—<#lus#
e s~ MBEEMROR ) —=v /iR, &
MERAME A CERIBEC T > o, IRABRE
Ty a—=v PR, fikEE I n— Vi<
AR IS LEARE - L CBRRG 2B . ko
YT 25 AT ALL—~F 5 b (BioRad) % B\
TRE L.
2) BEMORE
AL 7T8myT 1Y 7 ROGEEBSC L gD
BRMABE L, 44/ 7005 v ZBLTRE,
it Lol ERES R OEE Vimentin, Desmin,
Neurofilament (NF) &M, Glial fibrillary acidic pro-
tein (GFAP) (Boehringer Manhaim) % 12.5 %#—
FNCTAT T VBSHRE 5T, =totwio—
AT LSRR AT - . BARAIIE GoldBlot
(ISS) Ao, EEALFCELTL, sA<Y
vHBHWET A —EEERAST T 0 vl L EHEIE
HERUEBE&E» S 6 p WHEERL, sr< U vEE
EROBAIIT MY 7y YIZ X BETEA N4, labelled
biotin-streptavidin #iZ THRE L.
3) RIEROER
v AREAK L 0BRSS Affi-Prep Protein A
MAPS II Kit (BioRad) # B\ TRH L /-4, Morgan
51 @ Amplified EIA % —H%%E L Fig. 2 0F
IECB S5 4T\, 405 nm TOWKELRFE L. Step
1 L2031 BFME7 V7 IvieLsTnyF
VBT, &4 ORIGOMIE TTBS (20 mM Tris-
HCI, 500 mM NaCl, 0.1%, Tween 20 and 1% BSA
pH 7.5) WX A% % T/, BERES LTIE, *
Fh¥oD CK (Sigma) *Mv, EEEBOFRCEL
Tk, E—BEOCHIES 520 well THIE LEDOFH
fE% AT, BT IR DR FESRL L.
4) REFREUHMBHEEAPICETS CK O
TR
[RRENEE TR, B RIESR 206, B I4FIDE
7 CBERE R CK 2@ L. JRAEMMIEE 0PI,
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Fig. 3 a, b: Immunostaining with KWS—1 antibody on
formalin fixed paraffin embedded tissues. a—
metastatic squamous cell carcinoma. b—-meta-
static papillary adenocarcinoma. no counter
stain; X350.

TFERBIE1361 (glioblastoma 10, astrocytoma 1,
oligodendroglioma 14, ependymoma 1), E#
UvoSEES f, BEEFREE2 B, BEIE 3 4, wREmE 2 4,
IESFMbE 16, S EREIA, SEERE LA, EE
TRERNE 3 6, WOMiRSPEMEE 4 B (embryonal carcinoma

24, choriocarcinoma 1, mature teratoma 1 %)

ThHbH. EBEREBEOANFIL, W136 (adenocar-
cinoma 6, squamous cell carcinoma 1, large
cell carcinoma 1, undifferentiated carcinoma 1
£, small cell carcinoma 14, not verified 3 i),

BR 24l (adenocarcinoma), &2 #l (scirrhous car-
cinoma 14, solid tubular carcinoma 1), &/
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#% 2 8 (squamous cell carcinoma), FE# 141 (cho
riocarcinoma) T, P, W26, B 14, &1
FlTEREE A2 2 LT, B AR R
BT, FOPMFRIBEE 2 #, EWEKEEE3F, MR
i 3 f, BEiEs3H, TMIFTHD.

& R

1) HFELEs O0— ORI EBEHORRER

SHOVEES 7 n— vIRBB LR 0N, B
Y ECORBMORSBIFTCH-Ter o~ vk (UTF
KWS-1) *#BoERICE V. KWS-1 #fitkow 7

Table 1 Reactions of the normal

272 1gGy, Thote. A6/ TneF 1V IRLLS
BETIE, MRS ke s Mia & ol Lol
EHEAD > H, KWS-1 Hiffid 56 Kd, 54 Kd, 52.5Kd,
46Kd, 45Kd, 40Kd Oy FERIE L. £EBAOD
B 5 —HoO subunit OHFIRT-> Tl 5, £4
Moll No. 6 # %\ k11, 755213, 8, 17, 18, 19
CHMT AL LEbRE. fhoFHE 7 5 AV MR
HEDRIGIIADIcH -1 (Fig. 1), REHSIFEC
L AEEEBOBETIE, X, LSBT LR, HLEL
B, FifaSfEs o bR BEREZ R0,
—a—nyv, 7Y 7 G AR, R

tissues with KWS-1 antibody.

Tissues

Brain
Gray matter
White matter
Ependym
Choroid plexus
Anterior pituitary gland
Skin
Epidermis
Sweat gland
Sebaseous gland
Gastrointestinal tract
Esophagus
Colon
Liver
Hepatocytes
Bile ducts
Pancreas
Acini
Islets
Ducts
Kidney
Tubules
Urinary bladder
Lung
Bronchus
Peribronchial gland
Alveolus

Fixatives
10% Formalin 70% Ethanol
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +

+: positive, —:@ negative, +: positive but weak
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TR O v AR, < BHRE R -
7= (Table 1). BEMEBROBR L, EBENEE
bk, BREVRGHIE, DRGEASES -HOHEBHNEAEL
BB B REL BB (Fig. 3a,b), HERB
[&, seEX O nEFaRETE, 2B, B
JET 4 BRI AR AR 1 flo = 5 / —VEEBRA R
JBEET, BB B R E LR U2
fat:© & -7z (Table 2).
2) BEEP CK OFE

Fig. 4 @R LB A/FE L, 50ng/ml » 5
800 ng/ml #PERMA L L. E4DOBER KT IR
HEOEIT 0B LA TH » T, B CK MEOH
B, EBMREE00 56, HERBE3IFR 16,
LB 1 Bl 14, R bEIEE 4 B 1 G CR TR
TH -7 (Fig. 5). EBMRMEE co CK BREES
OPERE, il 1360 3] (adenocarcinoma 1 f,
undifferentiated carcinoma 1@, not verified 1),
K 2 flFR L B, L% 2 BlR 140 (solid tubular
carcinoma) T, Mt SRR EENES, KERIIHE
BT EEmOBEERRE, FURLEERELTH - T
MtatEE o CK #HEFEAIE choriocarcinoma

THoTe. —7, HEBEI, BEE3 6, wMFE2
B, BV voNES B, MEFME | 4, SEEWEE
36, PR 6, ROEBMEEENREUATE
LBIRERELT TH - 1o

.5

0.0. at 405 na

0.5

L —
12.5 25 50 100 200 400 BOO 1,200 1,600

CK ng/nl

Fig. 4 Standard curve of CK as assessed by
the amplified sandwich assay

Table 2 Reactions of the intracranial tumors with KWS-1 antibody.

Diagnosis

Primary brain tumors
Glioma
Meningioma
Hemangioblastoma
Neurinoma
Plexus papilloma
Pituitary adenoma
Craniopharyngioma
Germ cell tumor
Epidermoid

Metastatic carcinomas
Squamous cell carcinoma
Adenocarcinoma
Undifferentiated carcinoma
Small cell carcinoma
Large cell carcinoma

Clear cell carcinoma

Fixatives
10% Formalin 70% Ethanol

0/16 0/16
0/14 1/12
0/2 0/1
0/4 0/2
4/5 1/1
6/6

4/4

4/6

2/2 1/1
5/5 3/3
9/9 4/4
1/1

1/1 1/1
1/1

1/1

positive/number of examined
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Fig. 5 CK in cerebrospinal fluid in 57 intracranial tumors and
14 non-neoplastic intracranial diseases
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IFid, "4 7 434V b2 08F 2712
& &SRR E R A TUET 2SS ©, BEY 10
nm B2 ZEOSRICH 2 OER A R LT
W5, IF 2854 5_A ik CK, GFAP, NF protein,
Vimentin, Desmin © 5 8E,AHMbhTkY, &4 -
Kkl ZRBH, SN DK PERNE
CHERMCHEB LTV A, - OSREERM D vimentin
PEREEBLLBSCLB RN EL L, HEM
oW L IF BEIC KT 5 i A o s S o
BRIBEDTREWEIhT 299,
HEABEREECNT S IF RAONTEOBESLIGH
IZ2W T, Hayakawa H'© i Lo Br@Esntu
L. HiE, RIA ETBWH GFAP OTE BT\,
EF{E% 25ng/ml LTFRHELE LT, HEBES
FED44.3% 7 25ng/ml L EOBEBEAFRE LS LT
5. Lirl, MEBEOHTL astrocytoma L &
D GFAP ®BloZ L\ glioblastoma TOBBMERHE
W, MEBELUAOESEAEECL 15.8 % 0Bk T
FEEB B PER T 21.2 KB & i 2 S e sy,
BT GFAP fEEEMAD LTk <, ERFHR
BREROTFELEREETH 5 ERBHROBEC S

GFAP OBBHRES AR L0 s L TR D,
RS B I8 S IR

CK iz 19E O subunit (5F& 40,000~68,000)
BPEEL, 05 LORMO subunit 73, MEOREE
RPHEETE L TE2DEAGbE AR LDD, £T0
LEEMERIRE L OE 2 OICIBERNC RE L TV 2 EA,
—BEHR T BT 5 Moll BY DEMATEr XL
eI ooh b, EEAEEC BT, IRIEEILI
B, TEARED, REREESY, EZWEED
ED EEHIEE T ORBA GRS LR X hT
WEH, DS DREEMER CORBLET, b
I REIRIE'Y B o—Sic By TR o
Ml CK DBt L e 2 LT 2MER A5 00, %
G OEFICIBYEE L bRT\W 5. KWS-1 Hilkic
LD REREOERS, MERTOEL DO CK Hilk
ERVCIREROBE L 12E - LTt 8T KWS-
1 AR, EBURERS L O—BOEEMNER Lk
BEOREZEICHRTH Y, Frlksli~oEr
BLTLHEREOREL D ORI EE L R,
ERENEROBKNES v —h—2 LT, chi
T Carcinoembryonic antigen (CEA) ) % Tissue
polypeptide antigen (TPA) '8) &4 & hE AR
WiREhTw5h., Ll CEA G T OB R &
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WHoD, fLOEBHOBIC T IBERILT LLE
<idlewv, F4 TPA i3, E45To CK &3 #EOH
B2 H T 5 LR R R OB~ — 5 —
MR, By v, MEBE, MHES LB
LA X OBBRMBEMILTLLE K],
FEAEBE coOACRBEETRS Tl ALREL. Th
Lzt LT CK &, K#o o REL T 5 M ERMR
BB TORBIIBLh, BrEHFRAERTORRL
BE—MoMinc il s h » SEEEES R B TR <,
REERENC R EN CEBEREEO~— -+ LT
Bwfpahtin®, BROCARER LLBEOH
AR > TSR LB D EEL BR TV

CK OMERLIFEST 2B EWE T &ML LT, CK
subunit DD EE Lo IF BH E OBE LoEL
Wrds., BHVLHEN D subunit B S —E DO
LB L hil, CHREMEEZHckT s CK
OFETH B KRBT OMICHT 5 WREESE 2T
Flofho IF BEETERGERSHETHINE, EE
EEESEREA LD TLES. KRBT, CK ©
2T O subunit X425 RIGKEARE LRtk ow
B, A KTy T v ORI RS
BRGER D b, KWS-1 HUk By CRREOER FX
MR U EEWEE SRR T 2 E B L bR #
T IF BMEEORKERIEABDOECZ 00, B
PRI O ZENc 38D THERIc A S B b,

AEOHEF CK MEOKE, BEBEMEE OB
URF2060F 5P E LT L@ TR -0, HEM
ERIFCEBERNER - RBECER ) v EE LD
AN HERTH - .

M, ERICIRS ot 2000 MEE S
16fT CK &Rz CEA $%E L. CK BHizs5
#l, CEA B 7HTdo, £D>5H CK LM
X361, CEA oL 58, CK & CEA &bt
HR2BTH T, ThLOBEAL HbE 5 &166H
108 L, CK BB L 2 EBMMER coBE < —
h—HHHEROBE EARED BT

S LIEHRF CK pEA At =, fekiRay<—
H—% & Ficleh - 1B EEER O LR T b BB
BRLICZ &3S THRBREC, —HMOBEEMFERE R
WEE T 2B RS A

SEFR LERERCE VT, BREBIEVLOOK
HEALT LEE L AVERE LTI, CK SRS
T 5 LM OHSEN B T R I LB
Erohah, NEROBREOMBELZELZLIhE. LY

BREO CK MEROMENBRBEROE Lo 5
ZEREARE Lo,

& B3

1. v bR LSRN & o i L R
FEEAEERS L, EREO FEEMBRARET 55
FA R SF VRS I aF—nHfk KWS-1 58S
ni.

2. KWS—1 Hifdx BV ERERENEEDO RS IF
B WEREOTEIE 50ng/ml T - 1.

3. EESTH, JREBEEENKALE, HTF0
BEH CK % BIE LofSE, S8 rEEE2080+ 5 4
B ERRE 3 HI 1B, B R L ER 1 B, PR
BAGR L ACBETH - D, FOMOEIEMREE
RUKRBRE I 2Rt ©, EBERMEER OC—HOHE
ENFER ERUEE ORI EE < — b — & LTORM
Wb CK flE0FBENRE S bz,

EHEO—EIL, CHEBEPR RS —RP%B
(FREEE S 63480327) DBHELIC & - 7c.

Max#zsedicn, HEE AEMEE--H
IR LT, SRR ETED
ToASE PR R EERE PRI AR B, WIUFERN B e &
USSR L 3.

2 £ X #

1) Moll, R., Franke, W.W., Schiller, D.L., Geiger,
B. and Krepler, R.:

cytokeratin polypeptides: patterns of expression

The catalogue of human

of cytokeratins in normal epithelia, tumors and
cultured cells. Cell, 31t 11~24, 1982.

2) Kouno, M., Kumanishi, T., Washiyama, K.,
Saito, T. and Tanaka, R.:
chemical study of cytokeratin and glial fibrillary

An immunohisto-

acidic protein in choroid plexus papilloma. Acta
Neuropathol (Berl), 75: 317~320, 1988.

3) Hofler, H., Denk, H. and Walter, G.F.:
Immunohistochemical demonstration of cytokeratins
in endocrine cells of the human pituitary gland
and in pituitary adenomas. Virchows Arch [Pathol
Anat], 404: 359~-368, 1984.

4) WilFnig, BE—, AFEX, FEESs, BEOE
KBB, (LB —{E, AEFEHRE, /E ¥ Germ cell



5)

HE By A b 5FvE/ 7 aF—Adifkd Ao EEOMBZE BT 2R 611

tumor WEB 2EE~—H—BRHOBH £4 @
B AMERREMASHEESE: 105~109, 1987,
Madri, J.A. and Barwick, K.W.: Methods in
laboratory investigation. Use of avidin biotin
complex in an ELISA system: A quontitative
comparison with two other immunoperoxidase
detection systems using keratin antisera. Lab
Invest, 48: 98~107, 1983.

6) Regauer, S., Franke, W.W. and Virtanen, I.:

Intermediate filament cytoskeleton of amnion
epithelium and cultured amnion epithelial cells:
Expression of epidermal cytokeratins in cells of
a simple epithelium. J Cell Biol, 100: 997~1009,
1985.

7) Morgan, A.C. and Mclntyre, R.F.: Monoclonal

8)

antibodies to human melanoma-associated antigens:
An amplified enzyme-linked immunosorbent assay
for the detection of antigen, antibody, and
immune complexes. Cancer Research, 43:
3155~3159, 1983.

Coakham, H.B., Garson, J.A., Allan, P.M.,
Harper, E.I., Brownell, B., Kemshead, J.T.
and Lane, E.B.: Immunohistological diagnosis
of central nervous system tumors using a
monoclonal antibody panel. J Clin Pathol, 38:
165~173, 1985.

9) Oshorn, M. and Weber, K.: Biology of disease.

Tumor diagnosis by intermediate filament typing:
A novel tool for surgical pathology. Lab Invest,
48: 372~394, 1983.

10) Hayakawa, T., Morimoto, K., Ushio, Y., Mori,

T., Yoshimine, T., Myoga, A. and Mogami,

H.: Levels of astroprotein (an astrocyte-specific
cerebroprotein) in cerebrospinal fluid of patients
with brain tumors! An attempt at immunochemical
diagnosis of gliomas. J Neurosurg, 52: 229~233,
1980.

11) Asa, S.L., Kovacs, K., Bilbao, J.M. and Penz,
G.! An immunohistochemical localization of
keratin in craniopharyngiomas and squamous cell
nests of the human pituitary. Acta Neuropathol
(Berl), 54: 257~260, 1981.

12) Theaker, J.M., Gatter, K.C., Esili, M.M. and
Fleming, K.A.: Epithelial membrane antigen
and cytokeratin expression by meningiomas: an
immunohistological study. ] Clin Pathol, 39:
435~439, 1986.

13) Mork, S., Rubinstein, L.J., Kepes, J.J.,
Perentes, E. and Uphoff, D.F¥.: Patterns of
epithelial metaplasia in malignant gliomas II.
Squamous differentiation of epithelial-like forma-
tions in gliosarcomas and glioblastomas. J
Neuropathol Exp Neurol, 47: 101~118, 1988.

14) Suzuki, Y. and Tanaka, R.: Carcinoembryonic
antigen in patients with intracranial tumors. J
Neurosurg, 53: 355~360, 1980.

15) BEE B, RAERE, BHEZR, BERKZ: Tissue
polypeptide antigen (TPA) & MMEH—EE~ —
H—& LTDEZE—. Neurol Med Chir (Tokyo),
24: 655~662, 1984.

16) Moll, R.: Epithelial tumor markers: Cytokeratin
and tissue polypeptide antigen (TPA). Curr Top
Pathol, 77: 71~101, 1987.

CPEC4® 189 BZM




