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ABSTRACT

A large number of studies for genes involved in oncogenesis have been done during last decade.
Over 20 oncogenes have been isolated and characterized, and the oncogene expressions in human
tumors have been examined. The proto-oncogenes of c¢-myc, c-fos and c-jun, which modulate the
transcription factors, have overexpressed in a variety of human cancers.

Immunohistochemical method was used in this study to examine c¢-Myc, c¢-Fos and c-Jun
oncoprotein expression in 31 patients with human pheochromocytoma 28(90.0%) were benign and
3(10.0%) malignant. C-Myc oncoprotein immunoreactivity was found in 24 cases(77.4%), c-Fos in
29(93.5%), and c-Jun in 25(80.6%). Twenty-one(67.7%) showed positive immunoreactivity for all
these oncoproteins, six(19.4%) for 2 oncoproteins, 3 for one oncoprotein. Only 1 case showed
negative immunoreactivity for all 3 oncoproteins. The oncoprotein immunoreactivity did not
correlate with the amount of 24 hour urinary catecholamine excretion. Although the number of
malignant pheochromocytomas was not so many, most of them showed that the immunoreactivity
for oncoprotein was more than 30 percent of tumor cells.

The expression of ¢-Myc, c-Fos and c¢-Jun oncoprotein were frequently found in human
pheochromocytoma. These results suggest that the oncoprotein expression may play an important
role in tumorogenesis and proliferation of human pheochromocytoma(J Kor Soc Endocrinol 10:26
~34, 1995).

Key Words: Pheochromocytoma, Immunohistochemical stain, c-Myc oncoprotein, c¢-Fos onco-

protein, c¢-Jun oncoprotein
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1) LHRHI&HE HAL

FhAEollA 24417F gl FhelEetl & oflslu)
Zgl(epinephrine) ¥} collZlv|Zel(norepinephrine) 4
1 ARl wlleRd|Z8l(metanephrine)3} HpduhElAL
(vanillylmandelic acid, VMA)2] Z%2 high perfor-
mance liquid chromatography & o|8sl9d5, =1 Az}
ol wel G i A e Pro] vlazelgiek
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TEE AAE 4] wer ARsl 235
pmi #PEslo]  3-aminopropylmethoxysilane(Sigma
Chemical Co., St Louis, MO, USA)S =}l <£elo)
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(2) c-Myc, c-Fos®t c-Jun EUTHYZ! 5hy)

e-Myc 2 c-un Zepeia ol chet DHAZEA uhs-
2= IgG&HH|(Novocastra Laboratories, Newcastle, Uni-
ted Kingdom), c-Fos ZokhiAo)| gl vl Z2A]
E77] 1gG¥Al(Oncogene Science Inc., Uniondale, NY,
U.S.A)E ARslgict
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0.1% trypsin, pH 7.8)ol] 5 ~205-7} vFS-A|7{ 1, 37}%]
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7)ol 22 ARG A% 2}t 2 E(microwave, 800 W)
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g AR 1:1502.2 8] 4slar A 2oll4 3087+
HEEAIZAIL, c-Fos Fofsha el ozt dxlaal= 1:50
22 #4351 4 CoflA] YA BE-S-A1Z1 AL, c-Jun gk
WAl gl YA 1:400.2 3|43 s 4ColA]
HhAf WRS-A1Zi). 1xladAle) whgo] - & TBS&4
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or rabbit IGgel] 307+ ¥F-2-A17]3L TBS g-olel| 587}
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20F-7F WESAIZL 3 TBS§ololl S22k 23] eAllstaL
3-amino-9-ethylcarbazol(AEO) chromogen substrate-
conjugate-8-Hol] 107} w38 ¥ ZR{4a 587 2
%] Al6kal Mayer’s hematoxylin 8o 2 =z <j4)
+ 3iick

Azt 58 cheh ek o Myc FURPIRE W
9 AZ Aol 4|2, c-Fose} c-Jun oS- o)
of) Jalglch. FHAES] P EE Hilell QolA vl
A MEF7E B ol o3 Adislod 400u)2] aruy
FAlokllA] AA| AEF P AEFE Allo] o] 52
BEEE ok vhgeh o] Eislsiv FklEs)
Ay gasA] ke A5 540 )R sl ok
E5E 30% 7| F 28 slod 1~30%E okd(+), 31%
oldE A+ HoFE EFslsich

FE| L

L 24 3 L8 &7

ol 3tollE A 146l45%), oA} 1731(55%) 5 wF
Hu] Zol7t giglom, ABREL: 18415E] 81474

Tabhle 1. Classification of Pheochromocytoma

Classification Male Female Total(%)
Benign 12 16 28 (90.0)
Malignant 2 1 3 (10.0)

Total(%) 14(45.0) 17(55.0) 31(100.0)

2 T 45AlelA T, g4 A Heldbger REd A
I 284(90%), AL 34dl(10%)0]2]cH Table
1. & ZHAIEE 36l1F 2001 W3t sk Fokel 4
7 Fo] QA ol FAol7) igirk

Fokel F7|1E HH 9L 25x2.5%2.0 cmyE]
19.0 x19.0 8.0 cm7}A 2 HF 7.9X6.4 X5.2 cme|Y]
I 42 5.0<5.044.0 cmHE] 10.0 8.0 X8.0 cm7}
A2 HF 7.6x6.3x6.0cmolon, FAE 2 o
AL 11goll4 890 go & AF 96.1 golgla e
60goll+] 93 goF HF 76.5 gollry Fake] 9ix)&
5 FAL 1600l52%), 2F A 114)(35%), A9
A7) 25 FHutzke] Zuckerkandle 7|3 24)), Wbk 1o)
7} 92gicKTable 2).

24A17F AHe) ollE)u|Zal(RAkgE catecholamine
<100 mg/24 hours)-& 2438} 256 1400)(56% )ollAl,
ollgflERe 256l 196ll(76% )0l ZrtE|)a,
oleRZ2-2 ZA8 2000)F 1409(70%)004, VMA
(B47k <8 mg24-hours)y= 29613 2401)(83%)0l|A]
Z71%E]9JcKTable 2).

2. HAXHSBIAY 4o

c-Myc, c-Fos, c-JunZopciuzl o] uiod 22 3)sle] A)
o FY &AL Fig. 1, 2, 337 2ok SA YIRS Y%
FAE HelabA] ogekst B S4jolgl) w3}
e AT} c-Myc, c-Fos, c-Juno] 25 2491 797}
143.2%)71 Qe ol ZgghiAZ 17}x]oll4]
FE 739 30009.7%), 27ERI0IA kAl A6
dl(19.4%) ¥ 2541)(80.6%)0]19cKTable 3).

oM AAESE) S71 Hol Qkyat FeIE Aol
Ut k4 ZHAAEZAA c-Myc, c-Fos, c-dun %
o] Wiasl 7 goli= - 30%ol4ke] FoF
A3 A k-8 HglrKTable 3).
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Table 2. Clinical Features and Immunohistochemical Results in Patients with Pheochromocytoma

24 hour urine Immunohistochemistry

Sex  Age Dx' Loc’ Size(cm) ; ; . .
E ME MN’  VMA® cMyc c-Fos  c-Jun
M 53 B R 8.0 8.0 50 - -~ - 1 - ++
M 53 B R 4.5 3.5 35 N N 1 I + L
M 25 B R 190 190 8.0 - - - - ++ ++ .
M 29 B R K0 120 100 N N - I - ++ 4
M 45 B L 50 35 25 - - - 1 + L
F 33 B R 23 23 2.3 I 1 - 1 +E A
F 58 B L 100 8.0 70 - - - - ++ + 4
M 51 B L 60 50 50 - - - 1 ++ o+ N
F 39 B L 6.0 50 40 I I 1 I + + N
F 57 B R 150 115 100 - - N N - -
M 55 B L 50 30 25 I I - 1 - ++ B
F 3% B R 97 70 55 I N I I - - ;
F 33 B R 35 25 20 N N N N + ++
M 36 B L 6.5 5.7 45 N I N 1 + + :L
F 50 B L 70 45 40 1 I I I ++  ++ N
M 68 B R 6.0 4.0 35 I I I 1 + ++ +
F 37 B R 6.0 6.0 5.0 1 | N I ++
F 50 B R 100 8.0 4.0 1 N I 1 + + .
F 34 B R 130 110 100 N 1 1 I + ++
F s3 B L 85 70 55 1 1 - I - + -
M 51 B L 125 9.0 50 I I I I + + 4—_
F 50 B R 70 5.5 20 1 1 1 1 + ++ .
E 59 B R 8.5 6.0 50 N I 1 I + ++ N
F 57 B R 25 25 20 | I - I - + +
F 30 B E 42 33 2.8 N 1 N N + + N
M 38 B E 4.5 23 20 N 1 N N + + N
M 81 B E 130 100 70 I I 1 1 ++  ++ .
F 4 B E 6.5 4.5 35 N I I I o
M 18 M L 50 50 40 N I I 1 ++ A
F 55 M R 100 8.0 80 N N - N + ++
M 34 M L 80 60 60 1 I 1 I ++ 4+ -
" Dx: diagnosis (B: Benign, M: Malignant)
* Loc.: Location of tumor (L: left adrenal gland, R: right adrenal gland, E: extraadrenal gland)
* E: Epinephrine, 4. NE: Norepinephrine, 5. MN: Metanephrine
& VMA: Vanillylmandelic acid (I: increased, N: normal, —: not done)
7 —: Negative, +: 1~30% positive, +-+: ) 30% positive
24217k 9] FlelEomlat o1 giAEEe] 2]
& 739l c-Myc, c-Fos, c-Jun ZofchalAlo] okdulsy a &
< Hr Table 49} 29ka1, 24417k Aule] FhelEol}
3 2 hAHES] el R FokalulA ol ubadn) FHAEo] ot FAHPEEA At Aol w
= frelgt Aol giglel 2 W FURAATL Ba s o 95k
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Fig. 1. Immunopositivity for ¢-Myc oncoprotein of pheoc-
hromocytoma. C-Myc oncoprotein was stained in
perinuclear cytoplasm (H&E Stain: X 200).

Fig. 2. Immunopositivity for ¢-Fos oncoprotein of pheoc-
hromocytoma. C-Fos oncoprotein was stained in
nuclei (H&E Stain: X 200).

Fig. 3. Immunopositivity for ¢-Jun oncoprotein of pheoc-
hromocytoma. C-Jun oncoprotein was stained in
nuclei (H&E Stain: X 200).

Table 3. Immunohistochemical Results in Patients
with Pheochromocytoma

o Immunohistochemistry
Grade

c-Myc(%) c-Fos(%) c-Jun(%)
- 7 (226) 2 (6.5) 6[1]2 (19.3)
-+ 14[1] (45.2) 9 (29.0) 16 (51.7)

++ 10[2] (322)  20[3)(64.5)  9[1]" (29.0)

S negative, +: 1~30% positive,
++: )30% positive

* [ 1: number of malignant pheochromocytoma in total
cases

A AEeteld dlog o8 AT S Akslo] AT
ST ASehe S AR AE FokgAa}
© 3R] AlEedulo|(point mutation), HA} = 7
& AL Aol <)3F fARIRLz0) W3lel =
& e A o)% AEW §HR} chle] okF W
ol el o]Fojzlct. olE UZokgrLe] Eoputay
A s-& BT Bdwiolr) Yolumd PAkzol
A4 2Ao] 7ol 4= ek olelgt YEakgAA}
& 243} A7l ot AR §A1A1E oA
Al7le EdwdelEol ok 9] 7]axkAlo]cl 10].
ANZEH mye FUFAA}ollE= avian retroviruse} MC
290114 AR v-mye[11], ARJBMEZANA kAL
N-myc([12), £AZEAIQkolA &3 L-myc[13] §42}
2ol e AR ¢ ek c-myc ZRGARR= wl
GEUA BAAEE FPAMERE W)= 3o gl
ol FEHTL oliz FRANEANA c-myc & zAs}
© 50| Aol x4 wH oz Fokgae
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A3 c-myci¥o] B as)gl|15,16], o]2lol
T3], £AEAGH17), S9H18] Soll
A& Hasigick o-MyckhiA -2 308-9] e uizl)
& Z= DNASL Aghsh= aiqixhd 2 4l o] s
ZA%H19]. c-Myct helix-loop-helix9} leucine zip-
per protein(HLH-ZIP)#} Z%}s}o] siulellA] A=)z}
A fAEe] HAE FoZeE Agol Padt
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Table 4. Positivity of Immunochistochemistry in Patients with Pheochromocytoma According to the Urinary
Catecholamine Excretion

Immunohistochemistry
Increased 24hr urinary excretion n'
c-Myc(%) c-Fos(%) c-Jun(%)
Epinephrine 14 10 (71.4) 13 (93.09) 11 (78.0)
Norepinephrine 19 16 (84.2) 19(100.0) 15 (781.9)
Metanephrine 14 13 (93.0) 13 (93.0) 12 (85.7)
VMA’ 24 18 (75.0) 23 (95.8) 20 (83.3)

" Number of the patients with high urinary hormone levels among the patients tested

* VMA: vanillylmandelic acid

o] AAlo] dojur] H3r A|FE= Ao o4
A 3hrh21].

cfos, cjun FFFHAAE HFIRHAAE A A5
of) &7t uhgsl= 7§ xHimmediate early genes)
24, AA 24l Hofshe o dvix UrH22]
Aol BAE AZolAE cofos, cjun FETAATL
sl A] gkor] e, FANEYEH(mitogen) Foll
ZF& ko 3080 mRNA7L #Hael] £k 90
2730l sy uigllz) ok 241719) kAR o|
Dolubrl23]. c-fos, c-jun FYFHAA = leucine-zipper
olfAEE o]Fi, ME AR FEE P fos Y
jun QAN related genes)®} o)A E o] FrH24,
25]. ol AP-1[26], GCN4(yeast transcriptional
activator protein)[27]7+-2 ZARRIzle} 7to] DNA <14)
59191 TGACTARSol| Ahsl= A& dwix Adx
(26,28,29), ofel7hA] ZpAlEe|A Tpdsis Ao
FeAUCH3,5]. JERlF Qa7 AR PCL2
AEESY fANEGEA ol Aol M EFMA S
IGF-117} W&is] = Ao] vbA %30 ~32]. IGF-1I+=
Wilm Z<2H30], thAQH33], AW=5{33], 5%
[34] G FoFAIENA wHSE]E Ao] W%, AN
H](autocring) = ZY-H|(paracrine)iPH o2 FokA
g 248 AoE GR35 IGF-II7T ZH4)
EZ0 AARIAE shi& c-myc, cfos FFHHAL
TEAQ W gl 24Y 4 Jel4]. wet
Al c-mye, c-fos FXFRAL] Wiglo] 1 A7} 74
AEFe] 4 AT BAIRLE Fohdet IGF-119] %}
Bl #AIE 5= ek AAle] o] WF-EoNAE cfos

FhRFAR) SEo] iRy, 53 2AFERYE
ol ZF#7|olA Z7jHct §Hze] SEat Fpka
o] ] Frhkx geH36).

B oololly wid sk gAE o] 83k c-Myc,
c-Fos, c-Jun EEHIAS) OBy Wi g 717k 77.4%,
93.5%, 80.6%°]%l.er}, Goto £(1990)0] -z} 4E-¢t
A o] ol Xk Aol wE c-myc, c-fos
©] DNAS} mRNAS] 742 1 759] xjo)& UAl
gk Z dllollA} vk gl ole} - Aol wi
22 5p3led o] =2} chilA gl f83lAI
z2 9] BES ol ule} 4 E2] Kol e = A
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7} goll AZsp) olely 497 S e
AZ ZA]o] kg 1-g] 7Pl xS g7} do}
A AEsl) oA A7t AE = AAck 53 DNA
L} mRNAZ3-9-Hef chil 2 o1 AT Wt izt ke
El= 7ol AE3b7] uiks- o13]7] widelot wheha
Zokoxzlo} wiel-8- H 7)ol in situ hybridization-S
23] DNA £-2 mRNA% 738171} immunoblotting
o] At who|ck

AAGte] 7ol ZoknAAte] 2o o2}
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oH ZAUAEZ Sl c-myce, cfos FEFAATE %
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