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Mutational and Expressional Analysis of DOK2 Gene in

Non-small Cell Lung Cancers

Purpose: Mounting evidence indicates that perturbation of tyrosine phos-
phorylation is implicated in the development of many human diseases,
including cancers. Docking proteins (DOKs) are tyrosine-phosphorylated
proteins that negatively regulate tyrosine kinase signaling and they are
considered to be tumor suppressors. Deletion and the altered expression of
the DOK2 gene have been studied in leukemias and lung cancers. However,
the somatic mutation status of the DOK2 gene has not been studied in lung
cancers. The aim of this study was to see whether alterations of DOK2 protein
expression and somatic mutation of the DOK2 gene are present in human
non-small cell lung cancer (NSCLC). Materials and Methods: We analyzed
DOK2 somatic mutation in 45 NSCLCs (23 adenocarcinomas (AD) and 22
squamous cell carcinomas (SCC) by single-strand conformation poly-
morphism (SSCP). We examined the DOK2 protein expression in 45 NSCLCs
by immunohistochemistry. Results: SSCP analysis revealed no evidence of
somatic mutation in the DNA sequences encoding the DOK2 gene in the 45
NSCLCs. Among the informative cases, 27% and 21% of the ADs and SCCs
showed allelic loss in the DOK2 locus, respectively. On the immunohis-
tochemistry, DOK2 protein was expressed in the normal bronchial epithelial
cells, while it was lost in 10 (22%) of the NSCLCs. Conclusion: Our data
indicates that DOK2 is altered in NSCLC at the expressional level, but not
at the mutational level. The data also suggests that loss of the expression
of DOK2 might play roles in NSCLC development by possibly altering tyrosine
kinase signaling. (J Lung Cancer 2011;10(1):26 —31)

Key Words: Non-small cell lung carcinoma, DOK2 protein, Tumor suppressor,
Gene expression, Mutation
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Elo] A1 <l A8} (tyrosine phosphorylation)= A% A%
GAlN A 7 Eslal Fo3t 2ARH o AEAA,
3k, AE, A ':°ﬂ FoIghek(l). kA, Efo| 241 Q14HS
= A ]E‘)ﬂ/q thekdt 714l o3l A 3] SAE o] AE
GdAd-S FA 8 geh2-4). Docking protein (DOK)-2 E}
o] 241 Q14k3} 34 9] adaptor proteinS 2 A|EZFA o] HQ
F 2 Elo] 2 A1 QA4S A (tyrosine kinase)d] 7| A E 2}
&-3tch(5-11). DOK w2 3] 2wl 714 of] o]zl Eleo] 24
QA3 349 7ee AAlslE dE-E grhs,10,11). o] Al
A At Al 7552 DOK w3 (DOK1-7)°]
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o]0l 4] DOKI1, DOK2, DOK3¥& 7|53 22 fA|sto]
FTHHT). In vivo 23 Elell A DOK w2l 9]
L&A eto] 241 QIARSE H 49 RASE 3ol
ZEAlsl= AKTS} ERKE
Elo] 2 A1 Q1AL A1 F A
S} r v stol] oJel] #A4J3F "lrh(1-4). DOK1 B DOK2 -4
2~ myeloproliferative disorder®} lympho-
proliferative disorder”} 4] WhH gkc}(12-14). FESF, Berger
B9E Rl DOK 4l 1E0] 4 Lol 2
sto] DOK F417te] 7]&
DOK2, DOK3 % o] slu7} o] & A ¢4 (heterozygous) 7
&5 vhgzoflAE A Aol Wtttk AE B
greizle th A #HAlgdellA DOK2 fAAY Bl 24

AAZIchE Zle] BFe AlThs5,10,11).
A A7} hokst ol A] S H 3}

2 2431903, o1 E3) DOKI,



(copy-number loss)¥} LA 9] ZH4A%E % vl o} Berger
S (15)2 t}ekst in vivo B in vitro A E3l DOK27} =
HAZ] FA S JARIGE AFE P oldl 4
#Hol A5 DOK2 4 A7} haploinsufficient tumor
suppressor gened= AlA|geh(16). #Y, AF7FA] DOK
A2 Fodwoldl] i3t A= Abgre] ShollA] P
upzh gk sk, S AlQH o] 2] €] ghollA] DOK29] Whade 3t
g AFE gle AAolth oo AAEE B oA
DOK2 41748 Eadwol7} vl &M 2A] =|gke] AlZEAE
o] ol Frofsl=A| & Foli7] S, v|LAEA At =
g dor Eodwe] 9 waATE APt

Oy % e
D 47 i

1999 ~2002d ofl 212 H A A& Wi gk 457 9
H] A A Fb3kAte] A 24 & o2 sl H=
< dlebtoll A= shEiale] ek H|gEkAte
g2t Eof] 22§ 5 um T2 ¥t hematoxylin B
eosin A& AAG & 2w o] Ak eyt S50
WHOEoll vt} EF3tgl o, o5 A% 43|t 224,
A9 230 9At}. 36~794|9] ABEEE Ko Hady
< 57419 2 A= shE e oddigt 73k 9
93] 9 5 ¥ A=A HCUMCI0UL19).

2) Edo| =4}

Hematoxylin % eosin 345 2= ol 4] w] A4 A< (micro-
X

dissection) & o]-gsko] AIE 8l BAAEE 44 Eel

Table 1. Primer Sequences of DOK2 Gene Used in the SSCP

Gene Sequences Size, bp
DOK2 F: 5-TTCTCAAAATATACTGTTTC-3' 154
Exon 4 R: 5-TATTATGTATCACAAATGG-3'
DOK2 F: 5-CTGGGGGATATAGTTCTCTT-3' 204
Exon 5-1 R: 5-TGCATTTCATTGATTACTTG-3'
DOK2 F: 5-CAATTGAAGCTCATTTTATG-3' 197
Exon 5-2 R: 5-AACTACTCACAGGGTTATGG-3'
DOK2 F: 5-TCTCTTCATGTGAGGTATTC-3' 184
Exon 6 R: 5-CTGAGGCTTTCATAAATG-3'
DOK2 F: 5-AAGACTTAATTGCTTGAATC-3' 187
Exon 7 R: 5-AATGTTTTAATGTTGCTGA-3'
DOK2 F: 5-GACTTTTATTGTTGTTGGGTTTC-3' 173
Exon 8 R: 5-TCAATCTGTTGGCTGTGG-3'

DOK: docking proteins, SSCP: single-strand conformation
polymorphism.
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A& & proteinase KE X 2]3lo] DNAE 19t} DOK2
HAE o] F3L 9l genomic DNAT 570¢] l<E(exon) (o]
£ 1~520 % o] FojXt} B Q= BE Id o
Awlo] & =AYl o] & 3l o] HAE S5
A8EA) (primer) 1045 A &89 e (Table 1). A &
2Q) [PPIACTPE FEHA Asub-Soll A
A9 (autoradiogram) 2. 2 T E A A HE-S AES
T A ok FHELE QAsRESS EFAE 94°CollA]
1052-7F HAJAIZ] 3 94°Col| 4] 30%, 53~62°CollA] 409}t
72°Coll Al 40224 Z+7} 353 ubElglom 72°CellA] 547k
Aube= AT SR AL AsinhE S single-
strand conformation polymorphism (SSCP) #41-2 $]3l| non-
denaturing gel®ll running ¥ 71 Z3}3L PH&3sle], A4 DNA
oA P = ok ¥ (wild-type) band ©]£] €] band7} L}E}
w73, 23] o] Hbaste] £Qle}aL, aberrant bandE %
A cyclic sequencing® 2 DNA 7|4 ds EA439
SSCP, DNA %3714 Aol &t W& o]H 9] =l
2LAs| 71EEo] Ark17,18).

SR aselle] g2 AAE ol Sete] DOK2 Tl
off ek W] =% 35 AAE Alg¥slsict. AHgHe] DOK2
il of] ok E77]€] &hx|(Abcam, Cambridge, UK; dilution
1/100)7} LA} A2 AZE k. W =2 3}t 7AA4e]
NBE ZEA7 Aote] AAANAE o] 58 GAER
(antigen retrieval)©] A|SY=| 9} o ZLA|gE W2 o] A €] =
ol 2R3 71 = Avk19). Wl 42 AAAIE 4°Coll
A 15A17F A 2]gF & DAKO REAL EnVision System (DAKO,
Glostrup, Denmark)= Ah-&3}o] A|#s}lic}. o] & diamino-
benzidine 2. & HHEAFES A4S hematoxylin® & 34
Shick. e 0% ol 9] AL} Aol FH o B
At A wdl Axol webd —, + 2 ek
Ashe el A AL SUAeE AL F
Al X 8l = Fisher’s exact testE ©]-8-3}o] Bt& o] Xjo| & F-4

i
4) o] HFA A4 (loss of heterozygosity)

DOK2 fr417+e] e 42t el & 4549 v &AZ4
Aol A zAsS e o] & Szl Av]FrH] A A (micro-
satellite marker)2} -4 A} ©}3 A 32 A (intragenic polymor-
phism marker)E A28} th(Table 2). H|e] GA|ZES} 72
< 3o AN EZHE] DNAS Helsta A4 F919]
A E o] &3l T AR o Z FEBc) )
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Table 2. LOH of DOK2 Gene in Lung Cancers Identified by Microsatellite Markers and Intragenic Polymorphisms

Gene Markers Distance away from the gene No. of AD with LOH* No. of SCC with LOH*
DOK2 rs2242240 Intragenic (exon 5) 4 (27) 3 (21)
rs17853066 Intragenic (exon 5)
rs899428 Intragenic (intron 1)
AFM234YH10 4 kb
AFMA127YE5 164 kb

Values are presented as number (%).

*Number of cancers with LOH at least of one of the markers among informative cases.
LOH: loss of heterozygosity, AD: adenocarcinoma, SCC: squamous cell carcinoma, DOK: docking proteins.

DOK2 exon 5
N T N T N T N T N T

Fig. 1. Representative SSCP of DOK2 gene in lung cancers.
Exon 5 of DOK2 gene was amplified by polymerase chain
reaction (PCR) using a specific primer set. The PCR products
from 5 representative cases of non-small cell lung cancers
were visualized on SSCP. SSCP of DNA from the non-small cell
lung cancers (T) shows no aberrant bands as compared to
SSCPs from the normal tissues (N). DOK: docking proteins,
SSCP: single-strand conformation polymorphism.

BFA FAAE T84 AdE-E £ 6% polyacrylamide
eloll A7195 S, FgA EAAE FeHE Qo
o % SSCP geloll 217193 sl3irt. ol FHAA =42 A
ol A vehtE 2709 disl-RAdAE F 3 AellA] 50% o]
o z40] BAH Aoz Holsheleh

Gkl 10%e] APEA R FH3ha 4
FEL Ashb 5L SSCPollAl & 3 w]of A, w|A1d
AE 53 DNAC] 25 8l 334 Afub-goll ol dol gl
S5 & F AUThFig 1. SSCPE HAR AR TREL
Asint-ge] Az BF=# 9] DNASH zro] ofy e
band Z7F LpERt o v, Zedwlofoll 4] Kol o] band= ¥

A 5 AhFig. 1). ol 52 A7IAD #4 A g

In

Table 3. Summary of DOK2 Expression in Lung Cancers by
Immunohistochemistry

DOK2 expression

Histologic types

- +
Squamous cell carcinoma (n=22) 4 18
Adenocarcinoma (n=23) 6 17
Total (%) 10 (22) 36 (80)

DOK: docking proteins.

o7k 9= A4 A7HDE A3 Qgleh. sSCP AT
8% DOK2 §-474e] Selule]7h 24 asell] etoll 4
UehlA eheg oulgich o] Ade mAAAl, FHas
A4uFS, SSCP 474 B2 23] Heigon, 2
s 23] 25 Aol

2) DOK2 il wuty

248 45¢0|2] #H|9tell4] DOK2 whiA el whe L 35¢]
(78%)N A FA o] A T 1061(22%)l A &4 o] 9 th(Table 3,
Fig. 2). 2200]9] A 3|l A 1841(82%)7} %A o, 4
of|(18%)oll A= o] vfepubA] ekgket. 23¢9 AlQtoll A
17¢1(87%)7} DOK2 ¥r&lo] kAol ar, 69d(13%)0ll A= 1t
Ho| VJel}A| 9kt DOK2 WS Hg 4wk 5 Ak
ol A W el A1 Xpo|= §19) o} (Fisher’s exact test, two
tails, p>0.05). DOK22] "] 27| 3}38} of M2 okAJ o] 79
ol A4 gl o) velytthFg. 2). B 7182 2 Al
7134 43 DOK2 % A4S vebckFig. 2). YA
FAE AelstA & 4 ZTS DOK2 W I A
el A4S Kol W dAje] HolHQl A vt
DOK29| %&l2 gate] AH, o], ko] Ao, gko] Zehh
Al Sl &l o]z} ¥ THFisher’s exact test, two tails, p>
0.05).
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Fig. 2. Visualization of DOK2 expression in lung cancer tissues by immunohistochemistry. (A) A nest of a squamous cell carcinoma
(T) shows DOK2 immunostaining in the cancer cells. (B) Glands of an adenocarcinoma shows DOK2 immunostaining in the cancer
cells (T). (C) In another adenocarcinoma, the cancer cells in the glands (T) are negative for DOK2 immunostaining. (D) Normal
bronchial epithelial cells (arrow) are positive for DOK2 immunostaining (original magnification A, B, D, x200; C, x100).

3) o] A ZLA(loss of heterozygosity)

2261 9] HF AT -2 1440l 4], 23¢)] 2] A2 (5|0l A]
oA £A FAo] 75 rh(informative). ©]E 140
o] A A9l A 36l(21%)2F 15601 2] AtellA] 4¢)l(27%)
7h o] A A £A4S Ek(Table 2). o] F A £4S
Hel 7¢f] 277} DOK2 whifA o] who] wo] o Moj|A] 4
A AL Rl

;o g m=

Frol 241 Q14ks} AZADA ol 43I, Bl
241 QAR o}Al §A17k2] DOK2 S} Aol 4
Yol fAAbe] SAlG 24T o] ol ofd i
A3 9 HsAe] Brhe AT £ ATE Al
9 ol§oieh. ¥ AT DOK29] Eeiulo] W WA TS
B4 EA S o Adsisr eokeld, & ol

T-9] 542 DOK2 AAHe] Fdw el WS 37 n
AZA Hlot 2H A z=Aske] Bl EAZA Hgke] W

Eho] 241 QIA3E A A EA Y] FAA S ke Aol
ot 7743 DoK2w B4 Al7IRA Ao A EedA e &
WHAE ARG 22%9] v &AEA el A wAEA gk
Zo] WA Qe wdk DOK2 A A7} 4500 2] n]&A)
4 A 2F 64 Fddel7t HA ghokvhe S &
stk o] & BallAl B AFAEY vl EAEA %

(<A [

I
A A kot o] frAAke] Eedmol e vl A A

=
WA ARG Fo 48S ggelA ghoelehs 2
% % % et

¥ DOK2 Rhid o] Wkl 2 A4 7]
[A golellAe 2 e vbdell 22%9] vl &AM EA A%
ol A= s 2] 5 SkeH(Table 3). BE3F, DOK2 W14l 9] 74
< A AG A EellA vehus As Bl F
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Aol A DOK2 WA= B uE ulr} 9 AIRk15), =<
H ¥ 4] Qbol| A &] ubs 2 B3l vlr} §l9del. o] = DOK2
G437} vl A EA Hge 2A G e Al o
ol foid 7hs4 & GABE Aot
Aeied Lol A DOK27F AAF FNAMES} =] Au] A Eo|
A wEsta Al FAAR Aggvhe Aol WAl
vk Ark(15). dFAeE, A3l el A Rl = 4] e DOK2
HH8] -2 immnunoblottingel] 2J8F Aol Al AE o X5
& g glodek 2 o] W] o342 DOK27t A4 #| 7|3
A Ao A Zol| A wE sttt Ale Fdsla 1 X7} Al
ZAT dol FAl EAZEE RS Ko FArh(Fig. 2).
DOK2& &4 9 A4 9] eto] 241 143} m 4ol s
91 4+3}%] = adaptor protein® &2 o] AE Wel X7} Al
AY 7heAel oo AABACHS-15). sHARE, 2 A9
73 DOK27} A|ZAE oy} dof| = aldhg HofF
A thFig. 2). o] &£77} HHslo], AlZ Wl chuE o] % &
dZ3s AFE ZE PSORTII (http://psort.ims.
u-tokyo.ac.jp) <3 A] DOK2 Aol MEAT} dllof] F &
AN Aoz dZFeglct. ARk, dAEA Y] AFEE
DOK27} #oflA o 7]53sl=A & + gledl ol& &%
o] AFE F3ll wrE Aok & Zo|rt. #ol|A] 9] DOK2 &l
< BAAAZE oYl dAZANAE YEL = (Fig. 2),
DOK29] & Wj wtado] Qribol] of <35 FEAE <
T-Eojok & Adlolr}.

APAQ St A A= -+ W 4 2 alleles) 7} &
ELA5} He vl o ¥e TRk geA °]‘4
(16). 3FAI%Y, p533F PTEN 22 W2 T4 A 54271 &
Wy 3ol A shuke] iRl Rt E a4 E = A7) wWek
= o] A glon, o3 43 haploinsufficiency 2}
3 3hth(16,20). A¥ATE E3ll DOK27} #H b oA
haploinsufficient tumor suppressor gene®|Z}i= Zo] B A
ATH15). & Aol A DOK29| Edwiol= W= 2] 29k
Ak o] F A A Aol ANQ27%) H AR I %H21%)0l
Al BEE g em ol & 5 DOK2 A7 Wiy 47
stz AR 3 haploinsuffiency 7} VeV Z1& o|44E 4
e

H oo 3t7l v &AEA H9e] DOK2 £A4-S ¥y A
HE22%)F A @2 Holvk vhila Wb o] 4412 oy
gk 714l o3l vebd} 2 ol ol 4=DOK2 o] %A Al
ZAo] et BE dlellA] DOK2 s o] 4o |
o] o] HFA £Ao] F23F DOK ©huld 4419 Fa3t
7148l e AAReE ohE EA Q) s w44 9] T

=
A& 7} 3} (hypermethylation)©] v}, DOK2 w2l ubs

2l
oy

o
O

o] Ful At ool =AF Aol et AT+ oHH

ale

B2 DOK2 #e| A g7} #H kel A yebd 7hsAell it =

A7t G et A olck. DOK2ell ofg <14k}
e B2l
we}A, g
] ol & =
ZAEA H A9 AdAA R odd o] 9 AR
#o] glvka s7ch ¢
DOK2 ¥ A&
W 713

=4 7142
THo g o]FolA = B33 7K o|th(5-15).
AR o] 43t 914 Hlole 9] WA S A
olw, B olLe] DOK2 uHel 7+47}

k3 DOK2 ©]£]9] DOK -FA =}k
0*101] sl Zlo] DOK29] &
gl A ol & E%o] E o

T o

}mmENErEE
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