Tuberculosis and Respiratory Diseases 28 9 3F713%, Vol. 49, No. 3, Sep, 2000
O3 N0

QIA] HFxZ A Phospholipase C 5] §49] wraioka)

obchztal ojzdfet & A, A getad?, oSt fAsad’, st YEstw

243, olgo’, oo, 2=d', Fel', HHI|, ofFLL),
=|gs), 9@, ololg!, o|7|¥, sakE’, wiEs

= Abstract =
Expression of Phospholipase C Isozymes in Human Lung Cancer Tissues
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Background : Phospholipase C (PLC) plays an important role in cellular signal transduction and is thought to
be critical in cellular growth, differentiation and transformation of certain malignancies. Two second messen-
gers produced from the enzymatic action of PLC are diacylglycerol (DAG) and inositol 1, 4, 5-trisphosphate
(IP3). These two second messengers are important in down stream signal activation of protein kinase C and in-
tracellular calcium elevation. In addition, functional domains of the PLC isozymes, such as Src homology 2
(SH2) domain, Src homology 3 (SH3) domain, and pleckstrin homology (PH) domain play crucial roles in pro-
tein translocation, lipid membrane modification and intracellular memrane trafficking which occur during vari-
0US mitogenic processes.

We have previously reported the presence of PLC-y 1, y2, 81, 83, and 81 isozymes in normal human lung
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tissue and tyrosine-kinase-independent activation of phospholipase C-7 isozymes by tau protein and AHNAK.
We had also found that the expression of AHNAK protein was markedly increased in various histologic types
of lung cancer tissues as compared to the normal lungs.

However, the report concerning expression of various PLC isozymes in lung cancers and other lung diseases
is lacking. Therefore, in this study we examined the expression of PLC isozymes in the paired surgical speci-
mens taken from lung cancer patients.

Methods : Surgically resected lung cancer tissue samples taken from thirty seven patients and their paired nor-
mal control lungs from the same patients, The expression of various PLC isozymes were studied. Western blot
analysis of the tissue extracts for the PLC isozymes and immunohistochemistry was performed on typical sam-
ples for localization of the isozyme.

Results ; In 16 of 18 squamous cell carcinomas, the expression of PLC-yl was increased. PLC-y1 was also
found to be increased in all of 15 adenocarcinoma patients. In most of the non-small cell lung cancer tissues we
had examined, expression of PLC-81 was decreased. However, the expression of PLC-61 was markedly in-
creased in 3 adenocarcinomas and 3 squamous carcinomas. Although the numbers were small, in all 4 cases of
small cell lung cancer tissues, the expression of PLC-81 was nearly absent.

Conclusion ; We found increased expression of PLC-y1 isozyme in lung cancer tissues. Results of this study,
taken together with our earlier findings of AHNAK protein-a putative PLD-7, activator-over-expression, and
the changes observed in PLC-61 in primary human lung cancers may provide a possible insight into the
derranged calcium-inositol signaling pathways leading to the lung malignancies. (Tuberculosis and Respiratory
Diseases 2000, 49 : 310-322)

Key words : PLC isozymes, PL.C-y1, PLC-81, Lung cancer, Carcinogenesis.

M = ment) % WY 53} BAshe] 73w Qo
PLCE %%t 94 AETe FAsk: grozw

JRERE ox Be TR $79) 435S Mz o/s=nlY phosphatidyl inositol 4, 5 bispho-
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2. TE =g W EHY

AA, WERdE 232 10 mM Tris(pH 7.4), 1 %
Triton X-100, 1 mM EGTA, 1 mM phenylme-
thylsulfonyl fluoride (PMSF), 1 mM dithiothrei-
tol (DTT), 2 ug/ml leupeptin, 2 pg/ml aprotinin,
4 pg/ml calpain inhibitor T & I 2 FAE 2%
3§ 2h% 9 (homogenization buffer) ol A &]F A2
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Fig. 1. Increased expression of phospholipase C-y1 in adenocarcinoma of the lung.
Total tissue extracts from adenocarcinoma of the lung (15 paired samples) were subject-
ed o 6% SDS-PAGE. Each lane had received 70 pg of protein. Samples were blotted
with anti-PLC-¥1 monaoclonal antibody and visualized with alkaline phosphatase-labelled
rabbit anti-mouse IgG antibody. (N ; Normal tissue, C ; Cancer tissue),

th. ©]o}A] Polytron homogenizer2 &% glass
homogenizer 2] teflon coated pestle g o]&-5}ad =
T3l AHsten, Axe &9 PLCE %2379
8lod, homogenate & ¥ 4EolA 247t 59t &5
o Fof, AEAF H¥t o] PLC 248 Ag
o 329¢ 10,000 g o)A 3087 QAL = 4
Z4& #ston, Bradtford ©AzA|oke o]g
3, Z+ &) 99l 58 JFsian).

3. PLC 5% 42| Western blot 44

371 oz Fud HEE 2x Laemmli's sample
buffers} Egstod, 43 90 A 387 7pAsby
o, Zizte] lane & 80 g8 Y1 6% SDS poly-
acrylamide geld|*] 7|9%% %, nitrocellulose
membraned] o]FAlAL}. 0]% 2% bovine serum
albumine 2 3083t 2dsldn, PLC 4, B, 71,
2 019 tigk GAZE &4'%(Lab. of Cell Signal-
ling, NHLBI, Bethesda, MD) & iz} g2 480

Al 6A1IZE Ael sk o]% Tween Tris Buffer
(TTBS) 8oz 3z ol HAG Fol, alkaline
phosphatase label ¥ rabbit anti-mouse IgG ©]x}
FAR 2A4 WgAA, B8 A o) (immu-
noreactive bands) & #as}9r}.
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Wzt dae gelboz uyE wHgxze]
ZAEEE o83t At Western B4o)A]
HEo] F7He EQW PLC-y19 guzasys o
AGA 2 ARgsttt. 4 mElEe AT 10
% A4 goat o2 AQste], n|Eo)HQl Fito]
YEE el 4A)7EQr anti-PLC-y1 mono-
clonal antibody® incubationdt %, phosphate
buffered salinee2 33 A4 sjgs, SLAB kit
(Dako, Denmark) 2] avidin-biotin reagent® in-
cubation 3}c}. WL DAB=E 5191, hematox-
ylin-eosin © & counter stain o).

- 313 —



— S. C. Hwang, et al —

I

Case Number 1

3 4 5 6 7 8 9 10
NCNCNCNC NCNC

Case Number 11 12 13 14 15 16 17 18
NCNCENCECNCGC
145 kDa =

Anti-PLC-y, Blot

Fig. 2. Increased expression of phospholipase C-71 in squamous carcinoma of the lung.
Total tissue extracts from squamous carcinoma of the lung (18 paired samples) were
subjected to 6% SDS-PAGE. Each lane had received 35 tg of protein. Samples were
blotted with anti-PLC-y1 monoclonal antibody and visualized with alkaline phosphatase-
labelled rabbit anti-mouse IgG antibody. (N ; Normal tissue, C ; Cancer Lissue).
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Fig. 3. Decreased expression of PLC-41 in adenocarcinoma of the lung.
13 Thirteen pairs of adenocarcinoma samples were sujected subjected to 6% SDS-PAGE.
Each lane had received 70 yg of protein. Samples were blotted with monoclonal anti-PLC

-81 antibody and visualized with alkaline phosphatase labelled rabbit anti-mouse IgG an-
tibody. N ; Normal tissue, C ; Cancer tissue.

Z 3 Aol digr 40] Fhsalgt. ol xAuHow
AR, R L 180, 49} 150, 24X 9]
% 37 olo) gape] ZAWEAA Z2te] PLC B9 4l Solinh. ol5F 1590) 4w e} (Fig. 1),
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Case Number

Squamous Cell Carcinoma Adenuéairciqﬁ:i_th, S

Anti-PLC-3, Blot

Fig. 4. Selected cases of squamous and adenocarcinoma which showed a markedly increased ex-

pression of PLC-81 Isozyme.
Unlike in other samples we had studied, in three cases each of squamous and

adenocarcinomas, expression of PLC-81 was markedly increased. 6% SDS-PAGE, N ;
Normal tissue, C ; Cancer tissue.

Case Number 1 2 3 4
N €N € N C. 'N=C

. i St

85kDa =

anti-PLC-9, blot

Fig. 5. PLC-81 expression in small cell lung cancer.
In 4 cases of small cell lung cancer tissue we had studied, PLC-81 expression was mark-

edly reduced compared to their paired normal. N ; Normal tissue, C ; Cancer tissue.
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Fig. 6. Immunohlstochemlstry of squamous cell carcinoma using monoclonal anti-PLC-¢1
antibody.
Immunohistochemical staining of the squamous carcinoma tissue with monoclonal anti-
PLC-71 antibody shows an intense staining of the cancer tissue (marked Cancer) as
compared to its surrounding normal lung (marked Normal) = 200.

1801 169)e] WuAwAEREA(Fig. 2)°lA,
PLC-719] @do] @#3] 7} Hof 2t

PLC-B1% B3 54 549 A% dAgxzHon,
Az oA WE 2] zpol g BEEF e (data
not shown), PLC-41 isozyme?| 7§+ tiF-£¢]
7S Wrdo] A% e BAH(Fig. 3). AT
YR Mgzx o #HPgVLRAdAS(dR 39)
PLC-810] &A3 Z7t "zlo] #EH7= Yo
(Fig. 4). ¥1& 2 Zo 71 A7l e, £
AEAY 4ol 4¢ EFolr PLC-819) ¥
o] @#3] 7asle] A} (Fig. 5).

PLC-719) @eizAstazn 2ol Az
Aol AT JollA Adk TAEE Ho,
Western blotel| 4] Z7Fst PLC-y19] & HUAE

oA 71918k e BtEkslch(Fig. 6).

o
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U, AAREEE 5 2] AE g8 SAske &
2o} Bo] £&A9t A3, Axdie] ¥EE /=
s A& AXA g0

ojojzre dwe] AXY ANTHEE FAHE TR
3 91z} 0| ukZ phospholipases® dl ©]1E& ¢
Bol AFulet, Ax=E 74 OP-L %"E C’rohﬂ'
29] phospholipid& ®a&llstd, 28 &
2} AL ARt o5 Aol DhOSphOllP‘
idel ester AFE o|=Fo| zF&sheriel weh
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phospholipase A2, Phospholipase C, 28] Pho-
spholipase D 5o 2 7¥go] zt}2s9,

o]&olAl phospholipase C= AE2te] PIP,& &
35, DAGS} IPE wtes gaojt}. ol AA
" DAG+= protein kinase Coj] tis] 7238 84 &
FHE Holx, IPy= AEdle #3 249 358
37F AAA, AR A7 gassy 7o
o m2tA PLCE AU AsADo)] £330 9%
& @3ete e, PLCyl ztugls o 2o
protein-protein interaction domainSg o]gidh
PLC ¥9 &9 ogdt M YoMl 7)%e gl
IR = L

A tF 79 PLC B9a47) deidds=n)
PLCE olml:at ME 9 woslziel B4 nja}, g
7, 09 Al 71X o}g oz RRH. A 7R E8F
oA ¥, 44, 8% PLC 59 4= 2% 10
FTHold, B%Yol 437 (PLC-BL, -82, -83 & -8
4), r¥ 2%5(PLC -71, -72)¢} 6% 43R/ (PLC-
61, -62, -33 L -54) ojrjress

°|&FlA PLC-yol¥ 9] A9+ o] M &2
o] 4 B 2709] src oncogenene {ArEH
(Src Homology domain 2 or SH2 domain)} &+
7§¢] SH3 domaing Ztx gt} SH2 domaine] 7
= phosphotyrosine® ZAgsl= o]z, SH3
domaing- AEEZHZ FTAsH= DHAL proline-
rich sequencese|] Z%3H= Aoz deix] Yo AT
7} g3k, WY, olF, £ Holshed 8% o
8 3k g9om FEA UoE B gAleA,
PLC-71¢] SH2 domain& Mo A3z} 4245
7} #443} =€ 1 phosphotyrosine residue} 2
#3liL, PLC-719] oh& & ¥ SH3 domaing A)
¥EAE& FA4sh= dynamin?®, tau', AHNAK"
o @A A, PLC-y 57 843} 51
actin cytoskeleton© 8 o|%3lo] Mol ¥isd, AE
T8, M¥elsg FE o Ignws g
PLC-y19] % ZojlA] phosphatidyl inositol®} 2
ks Ao 93 PH domain? " 2g oj& A

€ AE Zoz olFAAN, ¢ chgd 7)%5-2 &
= ©HHl, phosphatidyl inositol-3 kinase
(PI3K)1}, atypical PKC (eg. PKC-8)%3} co-lo-
calization 328 THEo® A TP TA B3
e o8 7k WEE hsek Eg,

2 d7dMe g AELT HY 2FoA
PLC-y19] 377F & =Hdeul, PLC-yl19 #A$
AR 7l dejr oz Eaghs, & PLC £9)
A2 E3= e BEYE R Hxuo] &5}
H5, B A4EHAAA #8249 receptor tyrosine
kinaseit, MZuf @9t H7Qz}(cellular proto-
oncogene) ol 9Ja]A] ¢lAkslg]o] translocation sH=
T AR A, 34, 2 5 o UHF oA
7} 317) giEo g AlgEcpe

53] ol2igt Aabe fdet's, it ent gt A
T2AIR] Gardner 4 %79 tAHL-EZ(colonic
polyposis in Gardner’s syndrome)eijl4], PLC-y1
o] FLEL BIPUY, oldel AFdE Yxsh=
W&olm®, <ky APl uRe] 2zE}E (hypre-
rkeratosis of the skin)ojl4, PLC-yl9] @3=7}2
TEE AE T 2@l

olde Hie wawd, olyg =3I Al
PLC-719] 37H8, A&l dsh shrdoz &
Z 3t ol A2 B uiAeA dd wpak,
olzig @& PLC-y1 #3=x}t9] promotor region
o] o]go 2 dystn ok A Sx ou] 90% 7k
He A 82 2o PLC-y19] #idle By
Tl ow', Fo| AWM EL] HF4 A Fo)
AFFANA EGF 44 ¢ PLC-y1, 23lzn PI3
kinase7} 37} =928 H 0% u} Qo] PLC-y
19] TP} Hxe] F4 % gAHo] Ato]oi= ofw
BFRUA A& F58A gk 22 PLC-y1 &
40 S JUE oz yde] uWeinge wE
AAZHo 2 dHshrle o2}, B Ao gAA,
AHAFs& PLC-r19] 43 djdq AHNAK @
Hol HFzARe A L Holge-e Tashi} g)
on, & gz Yoo PLC-yl f49 18 &
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AN LS e, AHNAK whllo] FAjo] Z7}sof
dge Fof@et sfok s

E3] AHNAK 9o} 79 phospholipase A2
AlEo) 23] phosphotidyl-cholineo] Haljjo] A

= arachidonic acid &#] 8&ldlA] PLC-y13
PLC-72 F984E 4sAIIA sHed,oldid
g, AHNAK wlolu}, tau o], PLCe}
PLA2 Ajojo] “cross talk” @ Al3o] ZEof 7o
Aoz AZLHA ke Holop'*'t I AHNAK
o] 9 1 proline-rich sequence & 3},
PLC-y1 oy} PKCE v|£& B& F7e Asde
chila g3} Agsle Zos daA Uk

#Z AHNAK el A, 3735t HxFR]
HelLa AEZdjr], AHNAK ©e] tandem re-
peat motifd] point mutationo] A== &4 =
], ¢]3 tandem repeat motif o] 7]5-& AFE71¢
&, yeast two-hybrid systemofA] 973+ vlZ&
scaffolding @<l AHNAK o] TGF-8 A3 Ag4|
A shte] SMADY, PKC, %= monomeric G-
protein 22| el RACK o 53} A5 atgsh=
2d Aoz ARIF(EST et al; v LEA
2).

oAy Atz #HgdolAe PLC-y13 AHNAK
thile] FA| Z7P} 2 oulE FEI EY, o
Z59 &4 AiE 4FY 4FIA FEAE T
Azl #ad sHolle PLC-y1 49 AdsE
sxsla'2®, ZAdstel PLC-y1& SH3 domain&
E& A 3 pgr@Eslells= AHNAK o]gks scaf-
folding ¥ E3] cytoskeletonol] AgatA Frh.
oju] PLC: #kAle] PH domaing ol&3&}d, inosi-
tol lipid7} ¥F5& AEe oz o)FshA =Hed,
o] 99| co-localization %% PKC = PI3
kinase %3} &7 &-4ate] gHgold] AR
24=}, o]% PLC, PKCale Pl3kinases] 4% A
SAA P protein kinase B (Akt), Rho,
Rac To]o] o5& =531 Mxe] F4oju 944
HolE fEshs Ao| opdrt AtmETH. IR

PLCe] &4 Z7l2913F F4:3<] PIP,9] e Al
Fuhy} cytoskeleton Ato]2] “tether force” o] Za
B 7HAA, Mlxe ¥eistdl ¥3 (morphologic
change)\}t M| £2] o]% (migration or motility) %
& S0 U Aoz AREG

PLC-612] 7% high molecular weight G-pro-
teino] 1 AR R ALRE7]E FR|RHEY, o127}
] AR PLC-81 B840t g 9%
o =gi3lx] 9t} PLC-812- 85 kdao] vjm4 zHe-
Bapake zvu 9l PLC §40 ol 7B dHee,
Z2 Az W &4 347, PH domaing o}&
A, MEstoz AEE (localization) He AL
A Yri#, Ca?* o]t Agdh= C2 domain
& 743 gler, f2 Ca™r F=ol wat 11 #4o]
2-3 log scale Z7} 3t7] W&o Al ¥ Ca" F7}
o ma}t, NEE FEAT|E 98E BRoE F5H3}
Y1 e

B Ao s AME AR AFe gego v
AN E HYolA Haue] PLC-61 Edo] a4 3t
A=, ol F44E ABslr|dle @714 gz
Ag2E AWsrI7t #E5, 2% o ¥ 478
£3 PLC-87) 398459 744 71%5E°] 9
ok #gto|ut, paraneoplastic syndrome &
o] APAde] Heeld Aoz AlRdct

2 %

B &
Phospholipase C&= A2 4% Ao x| ©
Al golA, ¢ Fa3t ABE s A4E gliA
o, Az Exshs AxA 7keH FoF F
Bo AAske PIP,E #8listd A2AdzEAY
DAGS} IP3E AAdt) olF A2AHERAL 47
PKCE #43}1)7]1, Axdel Ca* g2g 37 4
2 4371 B4
of, PLC &4¥F AAFo g 2ka & 1f9] SH2,
SH3 2 PH domains 9] 7% 949& &3, &
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As A JIAER 45 2gsta, AT 2Ly
olut, NEEE, WtntHe)] Hof 314 gk

oo Az} T ojMe] AoliA, QX AN B2
oA PLC-A, -8, -y1 2 -81 B4&EA7) A8
& B0t o, bovine lung WellA PLC-71 %¢]
EAE 845 A7l AHNAK oee Bal, 3
2 Z2Y &9, o] AHNAK gwo] i #et=z
ZellA gzl vls) F7b sl S Bust
of, #ite] Wetabgel JofA @ -inositol AE A
gAAle] ool A HolUge st

SRRk obF] QA WGz o) Tt FFe WA
df &, PLC B9a49] dd%y tig no
7} QReng, ol Az 5o F£EE HEH AA
AY 23 WellA PLC Y f49 2dE d3s)
of, #igte] wetHAelA olE Fav) 2= gEe F
Bétazt &t
CHA 9 kg .
oh tighal el Wilsle] iy sigte s 43
AAleg He oA, AXYEAdee] orxan)
YAt HAwz2o] FuI}, JRsHY 3749
#2118 digoz syt olExAe gigez PLC
-8, -3, -yl B -8l FYaio] ths] Western
blot BA4& Algstga, tiEad FE disiy=
PLC-719l| ti% Rz 818t AALE Asgatqdct.
F= I
ATe] didolAY 159e] Auz3 ®FdA, PLC
-7l ke EdEe BEFY £ Ao, #HyY
oA XY 189 F 16404 PLC-y1¢] o] 3
FxAd g Frisldgol st PLC-61
THExe] A, e AR ZAE Q)
Ak, AT ojoke= wiE, YR MY ¢ HuAby)
H =FH(Z3d) M, AT F7HE Ropr|e 4
. E£F, 8E 2 Felg Frle s, AN
A deolde, B A4 Wz e, PLC-§
1f 49 wdo] A3 Faso] Jg-e wEsir).
4 2
oldel Az n|Ro] HYg =¥ WA PLC-y1 %

Aa2o] LHo] F7hso] Al ol AR Fol,
ol Eu¥mt =, PLC-ylel 843 o
AHNAK ¢} 3@z @7, sigte] Wity g
-inositol AW AAe] ool BfPA e A
B4 FA7 B4 dokx A s, PLC-61
TAHE2S A dsiME, FW AU 7)Ae
%8 % PLC-01 &9 9% g no} B A7
7t da¥Rez Atgd).
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