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Immunohistological Study of Fatty Acid Binding
Protein in Advanced Colorectal Cancer
— Comparison of Intensity of FABP Immunostaining with
Clinicopathological Factors and DNA Ploidy Pattern—

Kazutoshi OHTA

The First Department of Surgery, Niigata University
School of Medicine, Niigata., Japan
(Director: Prof. Terukazu MUTO)

In a study undertaken to elucidate the role of the fatty acid binding protein
(FABP) in the colon and rectum, the intensity of FABP immunostaining (PAP method)
with anti—~FABP antibodies was studied in 82 patients with advanced colorectal cancer.
In 80 of them, the findings were compared with the flow cytometric DNA ploidy pat-
tern, which is useful for evaluating the biological malignant potential in colorectal
cancer. The intensity of FABP immunostaining varied significantly with the histologic
type, node metastasis, and histologic stage of colorectal cancer, and showed a signi-
ficant difference with the flow cytometric DNA ploidy pattern, while it did not signi-
ficantly differ with sex, average age, the site of involvement, gross type, depth of in-
vasion or vessel invasion. The cumulative postoperative survival rate was significantly
higher in the patients with high intensity FABP immunostaining than in those with
low intensive staining both in the entire series and in a series of 60 patients with
curative resection (p<C0.001).

These results suggest that the intensity of FABP immunostaining might indicate a
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prognostic role in patients with advanced colorectal cancer.

Key words: advanced colorectal cancer, liver fatty acid binding protein, intensity of

FABP immunostaining, DNA ploidy pattern, prognosis
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neEEE

b R BT AR RS AES (L-FABP) ©
FHEBHYWOLLETIHHO— & LT, KBETE
B2 % FvTHl L-FABP Hifhic & 5 g %47
W, BERREPTR S KR L. £, BREO
#¥Eo—> 4+ LT DNA ploidy pattern 8L, L-
FABP ¥efatt & OBSHE L #E L. BN E TR,
& - Fo{LEE T FABP B3R, EoLEETE
REFRNEL, )V ASHEBTREROLVEMCEE
BEIEL, ARENETRESE T stage DEA
TUWisWEFICERERNERBICED 7. DNA ploidy
pattern D7 @ diploid BT FABP BREENEE
WEhote., SHEEFRIY, FABP BREHTTI.0%
EZEET28.5%, diploid BT 73.5% aneuploid
HTRB1BEEBENADL, BREH, diploid
TREFTH -, LLEDKERL D, FABP RAKB#ED
FHEOEBELIL) > ZAEESRE I .

I. & H

OB S>RB e EELEELF L EL LR T
HHRIEIA B 5™ (liver fatty acid binding pro-
tein, LAF L-FABP) 3, FrlR<lB LEMBRCERE
TAHIEBHLRTWAVDY, EHoik, 7 PR
EVFR— b EBEI OB LI L-FABP %74 ¥
LTEB LAH S v b L-FABP #ifEn, b MBERKE
LR FRITIME RS E2AVEL, COBEARF)
ALT, b VEEURELRY AVREERILENCER
BEREIC 305 L-FABP O4% & RESHRE LY,
BHER T OEER T FOBE, v b ABTR
TG & FERE L-FABP B2EET S 2 & 5%
DHTHLMCEhY. ¥, FABP 37 VREGE
LA SHARF LTS LN RE TR TEHOD,
KBk L-FABP OFEEHE LB~ BHO—>D
&E LT, KBROBKREFMRR S LFABP Lt
FOBERYHERE L. 36k, KBEOEME O
FEo—okEh? DNA ploidy pattern ®~12) #[F U
A% B\ flow cytometry i THFE L, L-FABP %

itk & DB % FEBRET L.

II. MR&ELVFH*

1. tREH

UEZ TR E R KBRSl n R & L. kA
OPOET, B EIRE, FOUIRAEL 1984 0 5
1988 F ¥ TOMIC IR E W fEFDO F h £ h31f, 33
B, BEo R, FRMEY, KRR 1975 £ 5 1985
FFTCOMCYBRENLERAOThERTH, 46, 7
FThHs. Bii1.3:1 TEEII26~84, F560.9
BThoTo.

2. BERKF X

UBEELAO AT Y VRBIENST 7« vEBT 0 v 2 &
h, BE 4pm & 50pum DFRFERLThTh 583>
B, 4pm OFH T FABP $faic, 50 pm ORI
DNA ploidy pattern D&l -7z,

1) FABP %efFjufs

FEBL L7 4 pm OYIF 5 M 5 B 1 #0i Hematoxylin-
Eosin Jf5%, 48U Sternberger H® Peroxidase-
antiperoxidase (BLF PAP) #19 o#e U R AL
L BRERELRT L. —&HEZ Y FH T v b
L-FABP ik 200 fE&BFHE R le. Zkikciz 7
24 F 1g-G ¥tk (DAKO #) #HEH L. —&
W% 4 T THSREIRIE X ¥ 18, —RIEr»=ER
T304, PAP (DAKO #) %R T304KIEX &
diaminobenzidine (SIGMA %) THREBX &7, AR
¥ peroxidase RIGDOERZIL 0.3 % B LKEMA & / —
AT, BRI 1 % methylgreen TfT - 7e.

REREOHEFEIN L-FABP fifkca 3 h i
BB S T HD 2EE ML, KD 4 DO
B L, BEINEBHRAE RWEREY (—),
REINTBERBI0N LT OENSL (), faxh
TR H380~100 % DEERE (++) L1, (%) &
(++) LoMOEfME (+) L. (=) & (&) %
BRER, (+) & (++) 2@%ke Fig. 1) &L,
R AR EERRT R & et L.

2) DNA ploidy pattern

{EBL L7z 50 pm DR %, Schutte OFEW
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Fig. 1 Intensity of FABP immunostaining in colorectal cancer
a) high intensity case, b) low intensity case
Normal mucosa is stained high intensively. (arrow) (x16.0)
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Fig. 2 DNA histogram in colorectal cancer
a) diploid, b) aneuploid
DI: DNA index, CV: coefficience of variation
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Ut ZfT-7. Thbb, xylene KX 5
/Y5 7 ¢ v, ethanol ZREAKK & 2EKME, 37C
water bus FTH 8 BffEl trypsinization T\, £ ®
#, Vindelgpv O FFES) T propidium iodide ¥+ %
T 7. BlER, FACScan flow cytometer %\,
10,000 E %% X v DNA histogram Z{ER L. &
ARCEENRLIEE) v BRE2AHER S L, BEMR
& D Go/Gy 0 peak channel number ®HT DNA
index fE%E®7.. DNA index 1.0 % diploid, 1.0
LAt % aneuploid &%E% LiE L (Fig. 2).
3. MEErSEROALEE

i REEAEFRIIZ, Kaplan-Meier BT L, %
DESEIIL generalized Wilcoxon EZ . i,
2HHOZOMFEIRER 22 HEVIR LBRETT-
o, ROROREERES KEMEERHE L.

Inr. # S

1. FABP #&i L HREREPNHRR

FABP MR Tll, 25 0OKBED 5> H556167.1
RO EBRER, 270 RIKVEREFHTH-L. Th
50 FABP O3ttt & KIBRIEV B0 w X 26
FRIR B AT T & OBSEE I > W TRE 2T - e
R %/7RJ (Table 1).

1) F# & mean+SD) &#

BR GO TFIHERIT 61.8113.4 5, EREROF
BEE#IT 60.0+12. 9 TER LA bR 7. Bi47
Bl > HER T30 66.0 % IEYE BT 166 34.0 %,
TE35FD 5 b RERETET 2415 68.6 YRR 114 31.4
%T, Bz XbsERRLRED ST

2) HEIRAL

BIB2oBI0 5 HEREREIT226]75.9 KIERGEFT 7
W 24.1%, BEBES3EIO > HEREEELIM 62.3 %ES
EBII20M 37.7 % T, SEFMCLAZEALRL -
I

3) BERMSE

184 Gl > bEYERT 1 425.0 BWIERETH 3
#75.0%, 2F64flo 5> HLETEEEIL47H) 73.4 % ES:
ERT176126.6 %, 3T 5 HEEEREL 7 #153.8
YIER BT 6H 46.2%, 4 T EREEL1HTH

D, REMMECLIZBTZRLRE, ST,

4) H&XZE (cm, mean+SD)

BB FERARIT 5.76:2.09cm, EREE
DOFHEAFEIL 5.50+42.06 cm TEZLLRED -1

5) MfEmsE

B bR H O 5 D ELREFII24F 77.4 KR E
Bi7H122.6%, PAIRENRAD S LEF AR
BI72.7 BIEREFIZ OB 27.3 %, ES{LESEILE (E
SACRRE 7 Bl+ENBRAREE 4 ) o » bERAEIT 46
36.4 YIESEEIT 7T H163.6 %, HRE 760> b
R 36 42.9 WIERARIAFIST 1 % ThH -T2 & -
PO R ES R N TR AN E RS -
iz (p<0.05).

6) BEGEEER

pm 8GO 5 LEREET 4 M 50.0 B{ERETET 4
B150.09%, ssea 43010 > LEREFI2H 744 %
ERERHI 11256 %, s+ az 2760 5> HERGBEIT
1761 63.0 WIEREFIII0M37.0%, sica 4FD>5H
BRI 2 B 50.0 SERERHT 261 50.0 6 TH - Te.
BRI L5 ZERL LR 5T

7 IRERRE

vo 48F1D 5 b E G EEEIITH 77.1 BIER AR 114
22.9%, vy 2680 5 HLERERIT146 53.8 BIEFREA
FE2126046.2 %, vas 8HOS LEREREII 4 4]50.0
YESRETEIT 4 F50.0%THD, 1y 35HD 5 bES
132451 68.6 Y IERHEFT1IF 31.4 %, 1vi 286D
YHLEREREL 224 78.6 BIERETET 6 £121.4%,
lyza 19B10D 5 bR o6 47.4 Y EREEITI0
F152.6 % Th 7. BIRBEL IOV v AEFRHEIC X
BEFABN LT,

8) Vv iR

no 29810 5 HERE I 250 86.2 % EL BT 4 4
13.8%, m 2760 5 LEEETEIL186 66.7 K ERE
FHIOM33.3%, noaa 266005 HLEFHERHT126] 46.2
YER MBI I4B 53.8 B TH T, U v A HEB O
VEEFIE B B IERIC R THEBCEREREE D 5 -
(p<0.01).

9) HSFHETEESE

stage 1 « 0 27810 5 b BB 244 88.9 Y (B
BRI 3M11.1%, stage T 20600 » b EREEIT14
51 70.0 YIEHE BT 6 41 30.0%, stage V 156D 5
BRI T #46.7 B {EFEEEIL 8 653.3 %, stage
V 20810 5 HEYe BRI 1061 50.0 Yo (B4 BT 1041 50.0
% TH 1. stage OHEAIEFAIIEE i BYEEEND
ot (p<0.01).

2. FABP @M LT

FABP Hefa DR OB\ T 5 FAEFR L T % &,
BRI 71.0%, EREFHT28.5% - ARAaRTE
B s EAGRVARBIFTAH -7 (p<0.001) (Fig. 3).
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Table 1
Clinicopathological factors Hight intensity | Low intensity .StaFi‘stical
group group significance
Age (years) 61.8+13.4% 60.0+12.9% NS
male 31 16
Sex NS
female 24 11
colon 22 7
Site of involvement NS
rectum 33 20
Maximum diameter (cm) 5.76+2,09*% 5.50+2.06% NS
1 1 3
G ; 2 47 17 NS
ross type
3 7 6
4 1
pm 4 4
ss, a 32 11
Depth of invasion NS
s, as 17 10
S1, a1 2 2
well 24 7
. . mod 24 9 x2=8.480
Histologic type .
por ¢ sig 7 p<0.05
muci 4
\D) 37 11
Venous invasion vy 14 12 NS
Vg * V3 4 4
Iyo 24 11
Lymphatic invasion Iy 22 6 NS
lyz * lys 9 10
n 25 4
° x?=10.628
Node metastasis m 18 9
p<0.05
Ng ® N3 * N4 12 14
1.1 24
Histoilogic st m 14 6 x2=11.364
istoilogic stage .
gic stag v 7 8 p<0.01
\' 10 10

*: mean=+SD NS: not significant

SUEHD 5 LRI & In - HFERIT6OFITH D, ©
D> LERERIISGH, BEREFISATH-L I
ERYIERNC R - T 5 TR LT 5 &, B
Bir86.3 % EREFII.1I% LD, BREFHTHE
CHEBCBFEENB O (p<0.001) (Fig. 4).

—7F, ESRFSBCY - TS EAFERL BT &,
EALIEEO 5 bER AU O 5 FAEFRIZ73.8%,
BRERTHAOSEEFRIL V1% T BREHTE

WEEEERTH - 1B, FatFEHEERELA LR
Do te. R EBRE TS RER2450 5 FAFRIL 60.6
%, BEREFHIFOSFEFRIT2.2% T, FHEOE
BE bRl (p<0.05). EH BB cEPETF14
D5 FEFEITL00.0%, EREFT HO 5 FEFERR
2.2%7T, BEOENRALAL (p<0.001). HEHET
¥, REEEORGIZLS SELFROEIL LN, -
7- (Fig. 5).
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(%)
100

(p < 0.001)

20 e——e High intensity group (n =355)

o———o Low intensity group (n=27)

0 T T T T 1
1 2 3 4 5 (Years)

Fig. 3 Comparison of cumulative postoperative survival rate between high
intensity group and low intensity group in 82 patients

(%)
100
Wll La 5 N
80
60 -
(» < 0.001)
40
e——e High intensity group (n=45)
20
o——0 Low intensity group (n=15)
0 H 1 H - 1 1
1 2 3 4 5 (Years)

Fig. 4 Comparison of cumurative postoperative survival rate between
high intensity group and low intensity group in 60 patients
with curative resection
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a) b)
o) )
100 100 H
80 804
60 604
40 1 . S, 40 (< 0.08)
2 s High intensity group {n = 34) - e High intesity S (1o 240 J
s Low intansity growp (n=T)
Oy Low intenmity proup {n=9)
0 . . . . 0 . :
1 2 3 A 5 (Years) 1 2 3 4 5 (Yoars)
c) a)
(%) *)
100 1 100
8 4 oo High intensity group (a = 4) 804
oo Low intensity growp (n=T)
bk w<oon 7]
40 40
g High intensity greup {n=3)
21 J 1 oo Low incensity grovp (n = 4)
1 2 3 4 § (Years) 1 2 k] 4 5 (Years)
Fig. 5 Comparison of cumulative postoperative survival rate between
high intensity group and low intensity group subdivided ac-
cording to histologic type in 82 patients
a) well differenciated adenocarcinoma
b) moderately differenciated adenocarcinoma
c) poorly differenciated adenocarcinoma and signet-ring cell
carcinoma
d) mucinous carcinoma
Table 2 fo (p<0.01). stage N TIIEREIH7HD 5 4L
DNA ploidy | High intensity | Low intensity Hi.85.7 %, EREH PO 5 FLEFRILI.5%T,
pattern group (%) group (%) BHEOENRL LI (p<0.05). stage V K755 LBy
Diploid 31 (86.1) 5 (13.9) ERI0F O 5 FEFBL I, BREFHIOFAO 5 F4F
Aneuploid 22 (50.0) 22 (50.0) Fi220.0%T, BEEIADLhEL -1 (Fig. 6).

x¥%=11.548 p<0.01

¥, MRFNETEESHECEL T, stage I »
T 05 LEREHURD 5 FEEFRIT82.9%, ERE
HI3MOSEEERIEIBOXTH-H, BEOER
Hbhih -t

stage Il CHEREFHURAOSEELFEI2.3Y, &
Qe CHO S EEERIZ.0%T, BEDOENLD

3. DNA ploidy pattern & FABP &4

S2EF D 5 BEOFIIZ 34T DNA ploidy pattern #*
BWFETE, 360145.0 %% diploid, 44455.0 %A% aneu-
ploid T# 7. diploid #3660 5t FABP &%
BEZ314186.1 WIESLEHIS5H13.9%, aneuploid
Faaflon 5 b B B2 2261 50.0 Y IEYEREI22261 50.0
% TH 1. diploid it aneuploid Bt ~THE
CERAFERL <, BREFADI,r -k (p<0.01)
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a) W)
% o0
10 ‘_ﬂf——‘ e
% 801
60 60 1 p<001
40 40 4
e High intensity group (n-?A)’ o High intensity group (n= )
2 oo Low intensity group (n=3) 21 oo Low intansity group (= 8)
0 . o y T v y
1 2 3 4 5 (Years) 1 2 3 4 5 (Years)
c) d)
o )
100 100 -
»—e High intensity grow (o= 10}
80 4 80
-I Oy Low intesity group (a» 10}
60 penos o |
40 4 J 40 +
e High intensity group (=T
21 oo Liw intensity group (n=8) 2 L
0 r - . . o r . v -
1 2 3 4 5 (Years) 1 2 3 4 $ (Years)
Fig. 6 Comparison of cumulative postoperative survival rate between high
intensity group and low intensity group subdivided according to
histologic stage in 82 patients
a) stage [ - I, b) stage W, c) stage IV, d) stage V
(%)
100 ~
80 -
(I . _1
60 (p<0.01)
40
e——a Diploid group (n=36)
20 o——<0 Aneuploid group (n = 44)
0 I T T | 1
1 2 3 4 5 (Years)

Fig. 7 Comparison of cumulative postoperative survival rate between DNA
diploid group and aneuploid group in 80 patients
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%)
100

40

20 A

(p < 0.001)
(p < 0.01)

¥ I

i 2

1 1

3 4 é (Years)

Fig. 8 Comparison of cumulative postoperative survival rate among diploid
and high intensity group, aneuploid and high intensity group, diploid
and low intensity group, and aneuploid and low intensity group

B—® Diploid and high intensity group (n=31)
@—@ Ancuploid and high intensity group (n=22)

—]

Diploid and low intensity group (n=5)

OO Aneuploid and low intensity group (n=22)

(Table 2).

DNA ploidy pattern D#E\T 5 4 FR L L4
% &, diploid B366o 5 FAFRIL 73.5 %, aneuploid
Bedaflo 5 EAEFRIZ 43.1 % T, AE didoid BT
BiFTH -7 (p<0.01) (Fig. 7).

%72, DNA ploidy pattern & FABP RBEOE
HERC LS EEFREIEANTHD &, diploid-S§E
FEE314, diploid—ER &R 54, aneuploid—HHets
#3226, aneuploid-EREFII22H T, Ththo
5EAHFRIIIFL, 75.8%, 60.0%, 66.1%, 26.5%
T -1, diploid- B EHE, aneuploid- B EH &
aneuploid-{EREHEORCHEEN A L (Hi p<0.001,
p<0.01), dipoid-@REH &L BIF T, aneupoid
FORTh BREHOFTVERIC S FAEFER I -

Iv. # B

FABP %, 19724 Ockner b itk -T5 v b D
iR LOVNME L b E i 2 A B BE I hTESE,
T OWMEREA LD, BICBHOBRB K E 5T

UL Z Lo TER. Fi, b MEEBCRT
%5 L-FABP ORELHFEEIRYD® v b CRRAYE,
B, T2 B, KBeFETL Z&n
DELDLNL. BHLYY I, A TOEREYT,
KB & TG RABRED L-FABP BEET A &
e L.

Tk b Tk, BEIEFRoBBIE R BB TIThR
B2 L XhTEY, TORBAkELEELTVS
L-FABP KB OHET L LB BRALoh 5.
BEHL L, REPAVCLEERTAB» S BB, R
Rans- %R L. Ll, XB»6Ho0lEHR
ORBUL— RN IEET - E2 bhb o &, BLU,
FABP 17 VEBYWE LB EEEMERS 28D &
BEZIhTVWHZE0H, KBTS L-FABP O
BT OB LIA T b BB EE 2, L-FABP & kB
B OMES, Y TYBRIhERCH L-FABP #
% B\ T RBede i % T L OB L e,

TOHER, o MFREYR— F EEL OB LA
L-FABP #Hif & LTHRECHRE L THEH R, Ouchter



KH T RBSC B0 5 BB 5 E A O RERSFEHORT 319

lony 2 kv, HIETHS 5 » b L-FABP & H—
R AR T 0569, 5 VBERIE ©
BIUe FBEREEORE O X — b BB & b ETLER
EBET A, oo RURE LTHAVRES v b Lo
FABP TFHWIRLTE<L &, WERIEAED BN
W ThbbIOHEKIE S v b L-FABP KiERMERE
THEELE, v FPOFBIUVBECHEET S b L-
FABP &R MAFR>LDTH A,

FORE, ERFNSET, StEOBVE - R4k
ek, S{EEOEGES RS, RS L~
TERREHNE <, HESERRCHEME cIE
BEBENE D T, TDZ EIE, Suzuki H2 A,
ZE LA LI L-FABP it % A\ Rk PAP #ic
LR, Filgs fiRal, LbEobtE0R
WK L-FABP BHMIlaoHBHEEOE W - & 28
LCwbA0b—8 L. F1, BEMHABE%X® Crohn
ROBA EE TS, BRI ERMRA~OZ LT 2R1058%E
Mk Bt FABP AHBLL, ®RECHEFC LT
HMAHBRT 2 2h OB T 5 & GHED
) XRTWAE, ZDOTEMmb, FABP B3 {boBEMN
LI L - TROENTHLDEELBR, {LE
DEWGBCERERE S bo LBl &b,
HRE s B 5 FAFERT, MR EkE, wTh
LEReFEoFAEVER YL (Fig. 5), SRaH
OFBTFER L ERTRENT. 2O &0, FABP
DB EYELL L, AUARE CLERERIZ
DLENREWEHETESh, FOLDFERNRTFTH-
&z bhi.

Vv SRSV TEBO R WERC, S
TRESEIZF T stage OFEA T WERI,
EREHESEBRIC ST SEEERILEATY
BRUBRER T, BREFOFIEBECRIF RN
Bont (Fig. 3,4). SRENETEEO S £4FKF
K stage V EBIEEE T HO stage Th @B
THWEREZRE L (Fig. 6). stage V &7 - 1 EBH
i, FERE, RS, ng (4) ET, Zok 5 iR
FIBMERTIE FABP ORE@BE R, FET
RTH-7. L Lihs, stage V BV IEERITIR
BREBOTHEIABCRIFTAHY, FABP 3 F#ic
B4 s8HsETELY B EEZ BN,

EERAT Y VRERE/ ST 7 ¢ AR L © DNA ploidy
pattern #BREBETHZERTE B L H il 101526
KB D DNA ploidy pattern FEMEDOREL L
TEREBIIENTWAE I EMS, 20O DNA ploidy %

FABP ¥ - A UEA* AT L (Fig. 2), diploid
B L aneuploid B 5 FAFRLHRET 5 &, diploid
BOHH aneuploid BEL D EEIC 5 FEFERNEL
(Fig. T), #HFRO#HRED 1D L—F 1. £Z T, DNA
ploidy pattern & FABP etk & OBS# 2/~ &
Z A, BHEEOEL diploidd BTIREHEOEL aneu-
ploid # & HE L THEBECRREHNS , BRAERHS
Yish -1 (Table 2). —7, aneuploid BT b &%
BEOFNMERER L) TEIARIFTH - (Fig. 8).
Dz kb, FABP Refaltt & KB OBEME DR
Bo—orhb 55 EHrbhic.

AP KBEHEM D L-FABP OfEgad - BK
R R & % retrospective WM Licdh DTH D,
PbED X o hfiskd 58R1EB L. B, FABP
FEOHBABELXRIETEL® Louh-TEY,
ASBKBEOEMA FABP 28R 3T2240E0, &
O IEFE R A SR, BE~—h—Wn&Els LTTRk
DEEO—o1le b5 LBEbh. £, Kanda »?7)
X, EBRMEBIRERE S © T FABP om$BRE
ZEEL, FABP sl i+ 52 L2 8BELTH
9, FABP OEREEFN /2 & BRARIGH T & 5Bk
BH5H. ARG TER LD FABP oEEM
D FABP BEORIEIC LY, T2 KB
BEHEDLPFHROFMI £ & h, BERBEOR LPHES
BRIhDEEDIS. 4B a5, FABP OofElc
DOWTHRE Lk hiEn b b ELZ TV 5.

ML B dic RS, HRMELE - RE
B, b UCEEEEE, BE8RE-E—
SR EILBE AR, WA TR (e L L
Vg ok, AP IE G R E, A
PF-BRECE B LT E T

¥, BFEOEEO—FILE46E B A KBTI
FoMhs, BBEHAHESREEARTHEELL

2 £ X W
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