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Increased Expression of Phospholipase C-y1 Activator Protein,
AHNAK in Human Lung Cancer Tissues
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Background : Phospholipase C(PLC) plays a central role in cellular signal transduction and is important in
cellular growth, differentiation and transformation. There are currently ten known mammalian isozymes of
PLC reported to this date. Hydrolysis of phosphatidylinesitol 4,5-bisphosphate(PIP,) by PLC produces two im-
portant second messengers, inositol 1,4,5-trisphosphate(IP;) and diacylglycerol. PLC-y1, previously, was
known to be activated mainly through growth factor receptor tyrosine kinase. Other mechanisms of activating
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PLC-71 have been reported such as activation through tau protein in the presence of arachidonic acid in bovine
brain and activation by IPs, phosphatidic acid, etc. Very recently, another PLC-y1 activator protein such as
tau has been found in bovine lung tissue, which now is considered to be AHNAK protein. But there has been
no report concerning AHNAK and its associated disease to this date. In this study, we examined the expression
of the PLC-»1 activator, AHNAK, in lung cancer specimens and their paired normal.

Methods : From surgically resected human lung cancer tissues taken from twenty-eight patients and their
paired normal counterparts, we evaluated expression level of AHNAK protein using immunoblot analysis of
total tissue extract. Immunochistochemical stain was performed with primary antibody against AHNAK protein.
Results : Twenty-two among twenty-eight lung cancer tissues showed overexpression of AHNAK protein
(eight of fourteen squamous cell lung cancers, all of fourteen adenocarcinomas). The resulting bands were mul-
tiple ranging from 70 to 200 kDa in molecular weight and each band was indistinct and formed a smear, re-
flecting mobility shift mainly due to proteolysis during extraction process. On immunohistochemistry, lung can-
cer tissues showed a very heavy, dense staining with anti-AHNAK protein antibody as compared to the sur-
rounding normal lung tissue, coresponding well with the results of the western blot.

Conclusion : The overexpression of PLC-y1 activator protein, AHNAK in lung cancer may provide evidence
that the AHNAK protein and PLCyl1 act in concerted manner in carcinogenesis. ( Tuberculosis and Respiratory
Diseases 1999, 47 : 347-355)

Key words : PLC, PLC-y1, AHNAK protein, Tau protein, Lung cancer, Oncogenesis.

M B nase® JASAA AEYR NEE Ao 3
2o ge3A vl 9JslH PLC-yE& tyrosine kinase
IRERE o= F B AFEL I8 FolxY o eJsiARt BAstsE Aol oz} thE AsdEH
SgH9 Al oA AHEAL WAooz A A AHE<Q] phosphatidic acid, phosphatidy-
X2 A3E MG3=d phospholipase C(PLC) linositol 3, 4, 5-trisphosphate(PIP;), tau &4 %

= AxY Az dgd Boshs 542, HIT U
714z gdge] 5 @y glg'~® PLCE= Alx%
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-bisphosphate(PIP;) & 2afsle] oJad#gEH
diacylglycerol(DAG) 3 inositol 1, 4, 5-trispho-
sphate(IP;) & AAlgch, DAGE protein kinase C
£ gA4slsla 1P 2HA ¥ (endoplasmic retic-
ulum) o] $gAo 23] AZ=HUD Ca® & A=
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epidermal growth factor(EGF), platelet-derived
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% tau T HAEZFAM LHE Aoz 53 ar-
achidonic acid®] E&A)lolA] PLC-y1¢] AL &
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A ES] rat 3Y1 fibroblast Ao sprEA|F|HA
HEE F=gct. PLC-y19] 84 &4, %
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Fo2 3ok 2ARH {3& BH APAEo|
L4ofo] Agte] 14¢o]itt. ftA oz FA}F &
ol gl= F3 9 34 59 =33 Y 49 Y
Z3Z]& Z3}o] liquid nitrogen tanke]] Yol $uks}
o FA] -70°C ¥Ee] BE3IYIL AN FHL A
Az e gt ol 22L& FF he
matoxylin-eosin g4 Aol A H¢t 223} A4 sz
g FIEIYet. AAYERALS 10 mM Tris
(pH 7.4), 1% Triton X-100, 1 mM EGTA, 1 mM
phenylmethylsulfonyl fluoride(PMSF), 1 mM
dithiothreitol(DTT), 2ug/ml leupeptin, 2 ug/ml
aprotinin, calpain inhibitor I and O(Z+2Z 4 pug/
ml)7} E0Qle 230 & 9359 (homogenization
buffer) 0.2 &7}t ©]oJA polytron homoge-
nizer(Brinkmann) 2 4] ¥, glass homogenizer
2] motor-driven teflon pestle & o]&3le 25
3] mHstgon MERE Fo|y] 3o FFR
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AxAs Axere] gl AL F2395 10,000xg
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2. AHNAK ©Hiiel western blot #4
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mli’s sample buffere} &3l 90°CAlA 387 &
22)e Hol 2 lane®d 70ug& ¥ 10% SDS-
polyacrlamide geldl] A7) 9% & A5 F nitro-
cellulose membraned] ©o]EAIA 2% Bovine
Serum Albumin(BSA)o.2 30%7t xpek(block-
ing)&l8 o™ AHNAK whalo] oj 1213H%] (Labo-
ratory of Cell Signaling, NIH, Bethesda, MD) 2
8A7t A2l 3xahy] o} Tween Tris Buffer
Solution(TTBS) 8o & AAHE Fo alkaline
phosphatase-conjugated anti-rabbit IgG goat an-
tibody (Kirkegaard and Perry Laboratories, Inc.,
Gaithersburg, MD) & 2Mgle] Houkgof (immu-
noreactive band ) & #3s}dct.

3. HHxEM e M

getdo g 49 wY =X FY ¥R Y =
& AHNAK whlo) ozt 13} a2 dgz2)s}
e gAae A debag AAT Feo 10%
34 goat Aoz viEo)Hd FAL WAL}
4417 B9t anti-AHNAK antibody® incubation
%, phosphate buffered saline 2.2 33] M| ¥alyx
SLAB kit(Dako, Denmark)2] avidin-biotin rea-
gentZ incubationd} ¥t} Chromogene. 24 DAB
£ AM2-319 T hematoxylin®.2 counter staind}gl

o}
2 =

Z 2849 27 F 2249(78.6 %) HUZF A
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14¢ff Fol| A 84(57.1%), AL 3 149 RFoA
FHEE Y. Western blot 244404 AHNAK
chile. Balgko] 70 kDa~200 kDa®] o] (multiple
bands) RY& vehict. Zzte] band&= 33EH
WA smear HE HAwd ole 7I¥d Hid
tau S} FARE goldlen, F4 A v
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Fig. 1. Increased expression of PLC-y1 activator protein(AHNAK) in squamous carcinoma of
the lung : Total extracts of membrane and cytosol from squamous carcinoma tissues and
paired normal lungs were subjected to 10% SDS-PAGE and immunoblotted with anti-
AHNAK pelyclonal antibedy. Each lane received 70 g protein. Immunoreactive bands
were visualized with alkaline phosphatase-conjugated goat antibodies against rabbit IgG.
C ! lung cancer tissue lanes, N | normal tissue lanes.
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Increased expression of PLC-yl activator protein{ AHNAK) in adenocarcinoma of the
lung : Total extracts of membrane and cytosol from adenccarcinoma tissues and paired
normal lungs were subjected to 10% SDS-PAGE and immunoblotted with anti- AHNAK
polyclonal antibody. Each lane received 70 ug protein. Immunoreactive bands were visu-

alized with alkaline phosphatase-conjugated goat antibodies against rabbit IgG. C ! lung
cancer tissue lanes, N | normal tissue lanes,
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Fig. 3. Immunohistochemistry of lung cancer
and normal tissues. Immunohistochem-
istry of the lung cancer and normal tis-
sue with anti-AHNAK polyclonal anti-
body showing dense staining in cancer
cells(marked CANCER) as compared

to the normal lung tissues(marked
NORMAL).

gt 24N F7td A=g Jehi. E3 By
Z233H GHME o Ao vis) AL
ol A 7% Bae-g-g Bt

Ly

Ao NS E AL 43 ARUA, AAAGER
23 2R 52 AEu Qe So] $4H9 2
3l =i, o] A AEUE AgHo] Az
A effector7} EAIET. o]E effector oA
phospholipase= MlZH-o] ¢lx]de E&3le] ara-
chidonic acid, DAG, phosphatidic acid 3 &
AE Ao olxlH3E 4 (second messen-
ger) %F Z7AM(mediator) & THET), o]E pho-
spholipase= phospholipid¢] ester bond& Haa}
& 91l we} PLA,, PLC, PLD& tlrozic}.

o] & PLC& Mgt EX3h= PIP, & &3l
DAGS} IP; 5¢] oJAHBEAE A7) dlo
t}. DAGE protein kinase C& &431A)7)1 IP,
T AEES Zgoleg Z7IMA e DAl Az A

2 2SS PASANGSC dA g¥ PLC 9
AL A Qled obvxA AY B4 2 wost
2 S @t B 7, 09 Al 7R o}lg oz Rudc
A7 EfFold 22iA PLC Sa4E 210
Foly £¥ 437 (PLC-B1, -82, -83, -p4), 7
2F % (PLC-71, -y2), 6% 4%5(PLC-41, -82, -8
3, -84)7) &84 guH FEAHo = X9 Y cata-
lytic domain, Z2]1 PH(pleckstrin homology)
domaing 7}At}.

£3] PLC-y= 3% domain °]9¢] Xe Y do-
main Alojol] phosphotyrosine k7] (residue)& <1
&= 2709 SH2 domain®} proline rich se-
quence$} AT = 9= SH3 domain 1717} 9%
3k 9o '*'s, SH domaindl} o8] Relsl= e
split PH domaing& 714t PLC-y: 543 37
1} ¥ (species)ofl wel AgHE BY A} Hol=
PLC-gu} PLC-09h= 2] & 227} A4
e AFE2AAALY NEE HE YoM njAsk=
aoltt. tiFEe] A2 AJAAEL AEA Yo &
A&R= PLC-7¢] tyrosine phosphorylationg g4t
st PLC-yo] 843 2 N¥sto 29] transloca-
tiong fr=gth. PLCyE 843 A7l 7|dos
= tyrosine kinase& E3% A o]9jd = PLD9] A
€4l phosphatidic acid(PA), phosphatidylino-
sitide 3-kinase(PI3-K)2] AM2<¢l phosphatidy-
linositol 3, 4, 5-trisphosphate(PIP;), A73A] 23|
oM LAE tau B Fo| A Y o] =
tau G¥l-e bovine brainol A A& FA Y=
ZZ o) Zgksle] BEE™ arachidonic acidg} §H|
2g3}o] PLC-7& BASHAIITH

T, ) ¥ AAA 2HME tau GHla} 2
€ 7|de2 PLC-y& #4317 AHNAK 9y
o] Ruglct: AHNAK ©& bovine muzzle
M) desmosomed A AL wAR 680 kDa
o djog't gYPoig “giant”F Lolt}. Bishop
o] ATEHE WA EF o] £Ho| ZopuzEz
A4 700 kDao] & BAlEE 7}xe phlg =93
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o7 AA3} cloningdle] desmosomedA] LA E
AP AT FUF AL RSP o 1 KA
7b 118 G (11q12)0 HAFS Bastri
vl AHNAK whiile] 7)ol tisires Ao ¢4+
A A ggekon, o}F Lo bovine lungelA A
Ag PLC-y1 #Ast Iy ot wjdo]
AHNAK ©hilzl  dxjgirhs 7ol  98{xHA
AHNAK @#o] M2 7l5o] ¢AA HAA"
AHNAK ©#ie- 128719] otu=ito] Ehtel 71553
@7} sla ojEo] HhEEo] 700 kDasg] & w¥jo]
®tt. AHNAK ©le  FH3E proline #7]
(residue) & 7HA 1L QUth= F8H oldols tau ©
wly pzAo g mje- g Beta TS 1A
© 2 arachidonic acid®] &z4AJ9] PLC-y1& ¥4
A7 1399 Ejsld= PLC-71& 84331730
t}'®, $3 arachidonic acid= PZuke- A5 7%
222 PLA,9 98] phosphatidylcholine ¢ 2 R-g]
A=), tau ©@¥olu} AHNAK wiio] 9lo
PLC-71¢] #4& &7sHA "o}

web AHNAK @@ PLC-y13} PLA, Ale]
9] “cross-talk” % AlF o] FEof Bsh= TR
2 AAE 9ho}s

A2 B3] <EhH bovine lungolA AAH
AHNAK g2 SDS-PAGE ApoA 70, 85, 110,
130 kDag] ¥-x3-g 7H4E 4719 @¥dz veht
=, olA& AHNAK thio] HA == fAgdx &
RS F A0 o EalE dHER Ayt Ao

AHNAK el Azlsla AL bovine lungdl
A in vitrog <" ZejW, AHNAK d#g Ay
3 QAR AL £ A7) AHgolth £ ddAe
AHNAK o] B4 23] vls] ALz F
71e $Ee BT, "R ddre HY
ZA M A HzFH) A3 gaEe 2UE B
o Z7lE AHNAK o] hdlxella] 7118t &
< & F A

a3y B dFoME olde] Rashks ot tEA
70~200 kDa<] t] thokgl Exlgkg 7ha of2jrlel
w7} 3514 M2 smear FHZ JERGEY], 2 o]

823 bovine lungoA2] AHNAK wai-e )&}
= H4 Z A Z2 9 crude extract& AA|3}7] Aol
80°CollAl 10€7 7HE3tAE #Ao] £ AFofa=
Agdo ey, BislR] g DR aLE 93
AHNAK 9ilo] o] g8 gHES 3" Aoz A
A% % Yok BH 8 A7 AHESEE AL bo-
vine lungo] obd QA #H=zFo|n, 11 F JA =3
o 4 238 ) ddoz slgeng olAHe Bu
oA} UERd bovine lungeiAle] AHNAK ©eje]
& P tha AJolgt Hel g oz AZdEd,

PLC-y1 & olnl £+, o, Y 59 o
I FNe ozt Ao 1 #Eol FriH
Aol A o ™? Aol et lEo g
Azrigl ot PLC-y1 9] promotor®] o4z} Ang]
o] 2l&o] #EE v AUt BE dwesiAl AHNAK
Wee] Frte g okvbe] S HAHE 5 e
off tisiAlE =] o7t Aot AFHo g HA
o]Fojz]1L & tlFE-9] oncogene ¥ oncogenic
proteinel] tig A7} o] WHEAYEE AR A
o] PLC-yl0] #HigtellMx= #pE = o] k= ojd
9] Rmel¥, B A Ao PLC-y19] &3
el AHNAK dfo] siQt 22| A4 a8
Z7t5]o] Urks AL AHNAK g} sighe] o
4 SBRNFE S AR AEn. T2 3
& AHNAK £31#7F Cancer Genomic Anatomy
Project®] Zt5ollA FFHA] FrAZE LR U=
AHNAK thfe] R Q] 7]5Eol o2 9] Ao
A A wdate] AUAdE B8 &+ Ag
Ao FzHET.

8 <%

gy #:

Phospholipase C(PLC)+& Mxe] A%, 3}, ¥
(transformation) & ZAE AT A& AGHo|
ZF349 948 = &2olth °]§ F PLCr&
tyrosine kinaseg] QIitslel o3 F= FAFEHE
Hl, Hol| phosphatidic acid(PA), phosphatidy-
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linositol 3, 4, 5-trisphosphate(PIP;), tau thuo]
o &8 7]Ho] wEd vl k. 53] tau gl
bovine brainol4] arachidonic acid$} & PLC-y
g BA4sI1e Aes 98A PLC-y9} PLA, A}
ol9] cross-talko] o]Fo}d 7lsAdo] AAET ¢
ok HZ Hud ofFd tau win 2 slHog
PLC-71& &43}A)7]& wlo] bovine lungol| A ¢
AL, o] A e A 2P FEijo
AHNAK @igle] gl u} glt}. 3 PLC-y1
ol FH%, AW, AU BoA Zvieo] Qlo] wet
g3} A= 9lgo] Ruso] ot PLC-y19]
8493t 99l AHNAK whle] disixe dxs o
dEo] A7E o] ob4 gle Agoln Az} T i)
& 2343 G AZ2Fe)M AHNAK thie] i of
e A7l #eke] wetsbgel AHNAK thio
Hoge walua) st

CHA 3 dhy

olFditha o] Wigste] Hgoz F4e e
Ao HAY 23 FY @xe] FF @A
AHNAK thelo) w&orite- western blot £4{3}
Az 383 JabE e Bate] 2AMEIYTH

Z o}

14eje] AGgalet ME22 ZF 84)(57.1%)%} 14
ool Mt MEZRZF wRolM HA iz ulE
AHNAK w9 mdo] 27151931, 70 kDa~200
kDae] of2j7}z] #a13g 71xle mrego 2 Vet
o Hez2ssty QoM E P4 dzANch HY
ZZfof| A 73gt dhalukeg B e},

24 B

PLC-y19} 843} ©ulel AHNAK who] mjo} =
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