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Mechanism of Resistance and Epithelial to Mesenchymal Transition
of BRAF(V600E) Mutation Thyroid Anaplastic Cancer to BRAF(V600E)
Inhibition Through Feedback Activation of EGFR*

Hyung Kwon Byeon, MD', Hwi Jung Na, BS', Yeon Ju Yang, PhD', Jae Hong Park, MD?,
Hyeong Ju Kwon, MD, PhD’, Jae Won Chang, MD', Myung Jin Ban, MD', Won Shik Kim, MD’,
Dong Yeob Shin, MD*, Eun Jig Lee, MD, PhD’, Yoon Woo Koh, MD, PhD', Eun Chang Choi, MD, PhD'
Departments of Otorhinolaryngology' and Pathology’ and Internal Medicine,” Yonsei University College of Medicine,
Seoul, Korea
Department of Otorhinolaryngology,” Soonchunhyang University College of Medicine, Seoul, Korea

Background and Objectives : Anaplastic thyroid carcinoma(ATC) is a rare but highly aggressive thyroid ma-
lignancy that is associated with an extremely poor survival despite the best multidisciplinary care. BRAF(V600E)
mutation is detected in about a quarter of ATC, but unlike its high treatment response to selective BRAF inhibitor
(PLX4032) in metastatic melanoma, the treatment response of ATC is reported to be low. The purpose of this study
is to investigate the innate resistance mechanism responsible for this low treatment response to BRAF inhibitor and
its effect on epithelial-mesenchymal transition(EMT).

Materials and Methods : Two ATP cell lines, 8505C and FRO were selected and treated with PLX4032 and its
drug sensitivity and effects on cell migration and EMT were examined and compared. Further investigation on
the changes in signals responsible for the different treatment response to PLX4032 was carried out and the same ex-
periment was performed on both orthotopic and ectopic xenograft mouse models.

Results : FRO cell line was more sensitive to PLX4032 treatment compared to 8505C cell line. The resistance
to BRAF inhibition in 8505C was due to increased expression of EGFR. Effective inhibition of both EGFR and
p-AKT was achieved after dual treatment with BRAF inhibitor(PLX4032) and EGFR inhibitor(Erlotinib). Similar
results were confirmed on in vivo study.

Conclusion : EGFR-mediated reactivation of the PI3K/AKT pathway and MAPK pathway contributes to the
relative insensitivity of BRAF(V600E) mutant ATC cells to PLX4032. Dual inhibition of BRAF and EGFR
leads to sustained treatment response including cell invasiveness.
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M) glon], 9] Uete] 4% 1 Z7hgo] B ol
20119 oA HAIE 195 Holal ok’ AA| FAAILE
9] OF 2~5%E5 AHA|oHE IS EIA] AN A1 e 2
Ao, B 1A A5E S-S olF = &4
A&, &5 YA 59UL%E U L-thyroxine A|2e 5=
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e o] o7k 2| =
Rk & Fat BEEo] oF HY FE 2 119
i} ol Ak Z7)0] ojn] 4 ol ),
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oF BEA 34 (tumorigenesis) ol ThFat G2
Ql o 7} i it 9)go] M arw| il Qirk? I AN E &
o]0l = mitogen—activated protein kinase(MAPK) A&
AGAA 7L #rofsiar Sl=tll, F-412] ¥o|= QIF A|azute]
RET tyrosine kinase”} MAPK 2% SHAJSIAIA Al Al
;ﬁul—o x],o] RASQ]' BRAFE /k]—ol: ZXJO}__E, o]% 1:]—/\] mi-
togen—activated protein/extracellular signal-regulated ki-
nase(MMEK)2} extracellular single—regulated kinase(ERK)
£ SA A4, 23 2 AE 55 xFete oY
g Al 7ol gk S AT HES op7|sHA| Tk 1
AdFolA 7H B A7} HaL 7 E5kA s =
Z#Q1 ool BRAF &¢Holo|ck BRAF= RASe] &Jsf &
/J3t=] 2 AgtE]o] Alaute] HelE MR (serine)-Ed|
(threonine) kinase=2A] Aol A 714 S5 WHAE =
Hol= 600 ofu]i=Akel BHEl(valine)©] 258 Hglutamic
acid) .2 X3 Z(VE00E) 2.2 17998 frZhel LE| =2
Loz} Yeloltt. BRAFR(V60OE) ol 5ol A
7V SSPARE, nlEsterolu A3 ek 1/304 % W E et
BRAF &¢Ho]+= BRAF kinase?] &A] 28, MEK¥} ERK
kinase?| QIAFS}E B3] MAPK H2E &30 2 243}

AZIH 2T S0l B dFtollA BRAF Edwolel 744
e FA P A Eek 54, & g2 do), 1A
vjate] 5, AE A7, S AL A, % o AR
SR WAV sl BaE A Q) 53], BRAF U

o] oF£o] AuFst Ao} u|Es} oFARS HO]L d-%~ sodium
iodide symporter?] 715 H3}2 radioiodine avidityd] 74~
WA s 91ea A5 e] Ao o]ojR|= dAR]
& Hol= %97 wrh

BRAF(V600E) E1Hol= 773A1%) ol@leflt= oMd A%
(melanoma)®] °F 50%, tA—214et2] oF 15%, HOFA|EA]

EX
- O

W& (hairy—cell leukemia)?] Ao BE Ao = B4
k0 222 So A€2) BRAF 9414191 PLX4032(Vemu-
rafenib)®] BRAF(V600E) E¢1HH0] oAl oA 5 A0E(met-
astatic melanoma)ol] thet 21-§-0] w|= FDAS] 5015 WA
WA 22159 ¢F 80%0) 4] progression—free survivalZ} over-
all survival FFJAIA 4= Q150 HILE|Q)aL, WA sr/dul
SH(hairy—cell leukemia)o| A= X @HHS-0] SFARE-S WAs}
k™ H]= PLX40329} 22 BRAF 2JAI4|2] Foi7} BRAF
EdHo| oA B AIEo|A] =& A gHFE-2 Holg| W), o=
BRAF E¢IHo] iz J%‘—Oﬂ*i—l A= mfRle], 7Hy BRAF
SArio] B -2 g et FRAbellAle] PLXA032] Et= oF 5%
off AuA] ekom, MEK JAIA12] 311+l Selumetinib-2 7]
= g Pl 1 Kt A gl Aow ol
A QIek ol Az gol Alolg 2e 4 A=Al
3 Uleld A 71o] EEcks AS vl bl gl
7k BRAF Seidio] oj-223eolx] BRAF oI5 sk
S5 QAAHR) ERK A1S o] @afe] o] 2 ohi 5
7Hrebound)aH| ==t ©|&= HERI(EGFR) 413 A%<l 2]
2k MAPK A2 A&Ads}st= Aol 7I1gt Ao &2 delA
Qlt}. =, oncogenic BRAF7} CDC25CE %3} HERI
(EGFR)9] ®do] SAE AL Qlon} PLX40325 Fofstd
BRAF 9A|Z £l CDC25C T&o] A=) ujebA HERI
(EGFR)Q] Welo] 371817 ¥l Zlo|ct” wek BRAF %14
o] diA-2Aetoll A} EGFR, HER2, MET, insulin-like growth
factor 1 receptor(IGF1R)2} Z-& t}oFat receptor tyrosine ki-
nase(RTK) 2] o] Z71Eth= Afalo] whafA] Qlet>™ o]
AS EYE BRAF S¢Ho] tf-217%-¢Fol 4| BRAFS}
EGFR9] 4] 2Al(dual inhibition)& 3 =9 Z|&2Q1 M-
APK 415 oo} tio] Y4 A} 7|4E S=slo] A&
w7 S7hE AL o 5 gl
3 ATOAI -2 To A2} a2 AT
A= BRAF oAAle] gk A= wheo] Aahale woli 4
Aol ehal ob74x) ik u)slotel 1 el A 1S
AR 3 B4 ARe] AN Irjsteti o 1 4
o] S}, 58] BRAF Slilo] 14141 elaAer AlZ:e] 8505C
£} FROIA BRAF AJAA| FojA] #8%= =9 A(feedback)
2A7)He) kel W AR NS A AE Shelst o Lo}
7} the QoA B v} gl ol2fa Vel A 714
= 53l AsHE el Aul-THaA| o] Y (epithelial-
mesenchymal transition ; EMT)™} ¥HE AA|E] AL
o A= FaFE Eelskala} slgitk 3t o] 5 Erf = WRka
H(combinatorial therapy)2 53t 0|5 2A|(dual inhibition)
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2. Western blot analysise £¢t EGFRQ| &gint EGFR
inhibitorS S8 L&A &2l

& Aot HIZEE phosphate buffered saline(PBS) 2. & A&
3} o, lysis buffer[10 mM Tris-HCI(pH 74), 100 mM NaCl,
1 mM EDTA, 1 mM EGTA, 1 mM NaF, 20 mM Na,P,Oy, 2
mM NasVOs, 1% Triton X-100, 10% glycerol, 0.1% SDS, 0.5%
deoxylcholate](Invitrogen, Camarillo, CA), 1 mM phenyl-
methylsulfonyl fluoride(PMSF)®} protease inhibitors cock-
tail(Sigma)2 ¥l harvestdFich o] @A 13,200 rpm
ofA] 1087F YAEE] & 45H-E Western blot analysis]]
0] 231 =1f| ThA 2] k2 Pierce BCA Protein Assay Kit
(Thermo)& ©]-8-sto] 431tk Well & 30 ugel Trial-s
Ea5l7] 98 10% sodium dodesyl sulfate(SDS)—polyacryl-
amide gel electrophoresis(PAGE) & A-&5}¢] E2]3t 3 p-
EGFR(1 : 1,000), p-AKT( : 1,000), p-ERK( : 1,000), vi-
mentin(l : 1,000), GAPDH( : 1,000)¢]] €71 th-& 4Tl A]
U= 9SS AL T2 0.1% Tween—200] -7 Tris
buffered saline(TBS) 842 & AM|2|3} 3 second rabbit an-
tibody(Jackson)®?} anti-mouse antibody(Jackson)& 242+ ¥k
S-A171 3 SuperSignal West Pico Chemiluminescent Sub-
strate(Thermo) ©]-&5}9] X-ray film 2 & Zelst3ch

3. MTT assay

96 well plateol| thyroid cellE welld 1x10° cells® seed-
ing 3t ¥ 37C, 5% CO, incubatorol| 4] 147} wjeFsieict 2+
sample @ BRAF inhibitor& 0.3 uMZ A 2]$t F incubator
ol A 24, 484171 vl FslAch Welld 2 mg/mLe] MTT solu-
tion= A12] 3t 5 4A17F incubatorof|A] Bl 2 welld 100 pg
DMSO H7F8taL, 570 nmojlA &3=5 =435k

4, Wound healing assay

6 well plate®] thyroid cell& welld 1x10° cellsE seeding
3t 5] 37°C, 5% CO, incubatorol| 4] 197} vljoF3}ict Cello]
90%7} = PLX4032:& 3, 641K A2] 5 A vl = vl
plastic pipette tip= ©]-&3}9] cell monolayers®l scratch=

Y1z, 2447t incubationdr & cell migrationd =2 &n|A0

5. HAESISIAM0| 2|Ft 2 AM(Immunohistochemical

analysis)

Mouse tumor ZZA2- paraffin sectiond}o] xylene2} ethanol
© 2 deparaffinization A Ath. Antigen retrieval 154, H,0,
10, blocking(10% normal goat serum+0.01% BSA+dilu-
tion) 1A17F ¥H-&-A1Z1 & 12} antibody EGFR, AKT( : 200)
A|2]3}al 4°C incubationd}]l BHAH HE-S-AIF ) 22} antibod-
ies rabbit(l : 500) 1A]7F *]2] 3 DAB histochemistry kit(Life
technologies)& ©|-8-3l ¥-5-AIF . 1 ¥ hematoxylin &4
3L slide®]l mounting solution(DAKQO)S A&lslo] Hn|3o
&2 etk

6. FACScan with Annexin V—FITC/PI staining

6 welloll 3x10° cellsZ seedingdlFo] Sl ¥ 244171 =
o} starvation Al7] ¥ PLX40325 %3, 5 uM) B2 2|5}
o 2447t vkt viFHS AASIAL PBS=E 33 A4
5 vfjoFgt cell 2 1.5 mL tube® 24 Annexin V-FITC Apop-
tosis Detection kit I(Bio—vision) binding buffer®} Annexin
V-FITCE %7}l =30t} 587t A2olA §H- %, BD FAC-
SVerse(Flow cytometer) AH|E 0|83 A3 AFE(apoptosis)
o A=E SAsIelch

7. RT-PCR

RNA cultured cello]l TRIzol(Invitrogen, Burlington, ON,
CA)E o]-85to] RNAE &3t L $¢] random primers
and MuLv reverse transcriptase(Roche)& 0] 8-8[4] cDNAS
FZ35I9k Vimentin ; forward 5-GAG AACTTTGCC-
GTTGAAGC-3’, reverse 5-GCTTCCTGTAGGTG-
GCAATC-3.

8. Q™ 0|Z0|Al OFRA 2H(Orthotopic xenograft
mouse model)

8505C2} FRO M|Z23E harvest & 1x10°9] cellS 5 ul
PBSe| 0] 6525 427 =& ul-2A(Orientbio Inc., Seong-
nam-si, Korea) 73419]] Hamilton syringe(Hamilton Com-
pany, Reno, NV, USA)& AH&-sto] =¢J53ict =91 & 35
“5¢t PLX40325 93] Foi313it) QFehat & 224]5 0|85t
Western blot analysis®} immunohistochemical analysis&
5ot T & AEe] nE A= AMfsta ojufefsl A
e EF a0 Y939 51 Mot BE A AHgH
a2 AAsha et AdsE5o] welet AR 7}
o|= Rlof| TEE|A AFo] ZIaY=|qirk

9. Chemotaxis
Cell harvest & Cell Migration Chamber Plate] 7.5x10%/



wellZ cell2 Yol& &, 37C CO; incubator 4417t 52 5
S A} 18)ar 150 pL prewarmed Cell Detachment So-
lution®]] AF-2-ol|A] 307t WH-S-AIF T 4X Lysis Buffer® 34

% CyQuant GR Dye 1 : 753} 50 uL Lysis buffer/Dye So-
ol & F| 2o A] 1587 ¥RSAIFTE A=
2 96 welloll &71 3 480/520 nmo| A SF=E S5k

lutionS 4]

10. TUNEL assay
1% PFA 3H3-%¥ PBS(pH 74)E AF2olA] 108 S0t 1144

713 Aﬂﬂ S 5uL TUNEL Enzyme®} 45 uL. TUNEL Label
2 48 5 37T incubatoro| A IA7F =< HEE-A| L) 515~

565 nmol|A] confocal microscopy® 2Hs}5ich

11. HY g2 (mmunofluorescence)

6 well plateo] cell & 1x10°/well& seedingdt § 37T,
5% CO; incubatoroﬂ/\1 1971 wljoFalict. PLX4032 A2] &
media suction & paraformaldehydeS E-& ¥ AR2o)A] 20
B7F 14519k 1% Triptons 55-7F 2]2] & blocking(PBS+
1% BSA+ 10% Normal goat serum) 1417k, ©]oJA] 12} anti-
body(l : 20005 HaL 4CoA A =S BHEAIFAT 23} an-
tibody(1 : 500) 3A17F A2] gt 3= 450 nmol|A] confocal mi-
croscopy® ZHaFslaith

Z o

70| PLXA032 22 244 EA

8505C, FRO A|Z320]| PLX4032E 24417t Ag]alo] A3

1. HEY TP M=

o] YEES MTT assay= 2HIE A}, 8505C7F oF& /e
o E-Fekar oF7ke) Al FAS Helal Wb FRO+= oF

40%2] A)iZ A8 HYtHFig. 1A). Western blot analysis®
p-EGFR &S helsfi At 8505ColA p-EGFR &
o] AA8] F7I=AL FROOAM = @3] 74t & Al
oA p-ERK®] Wél 7142 PLX4032 2F&o] AH8-ak= 4
= & 5 ATk 8505C A= p-EGFR U@ S7tol| whet
p-AKT7} Z7}5159aL EMT 38 QA1 vimentin 2& &4
Z715F5tH(Fig. 1B). PLX40320] 28f fEE= Al A
(apoptosis)2 TUNEL assay= =43t A3} 8505C7}F FRO
of| vl Al APE /o] AA| dofu= A2 EelskSirh(Fig.
10). ApoptosisE =4 4= 1= Annexin V-FITC/PI stain-
inge EoME e 25 2l 4= 9J9t} PLX4032&
FEHE 24X A2f5kelS wf 8505C7F FROOY H]sf &0l
PSR oh AESHL Sl AL EIsHItHFig. 1D).

2. PLX40320] oI5t ZUMIZL| MZ 0|5 & EMT 57t
PLX4032 oF& 7+4=4Jo] 8505C, FRO2] A|3Z o]F-Adol| o

*
160 ~
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Fig. 1. Differential drug sensitivity of 8505C and FRO cell lines (anaplastic thyroid carcinoma with BRAF V600E mutation) to PLX4032
freatment. A © MTT assay done after treatment with 3 uM PLX4032 for 24 hours showed that the cell viability was higher for the

8505C (+

1 p<0.05). B : Western blot analysis after treatment with 3 uM PLX4032 revealed that EGFR was increased in 8505C whereas

it was decreased in FRO. Also p-AKT and vimentin were increased in 8505C but the proteins were no different in FRO. C : According
tfo TUNEL assay, apoptosis was greater in FRO than 8505C. D : Analysis of apoptotic cell death with Annexin V-FITC/PI staining
showed that apoptotic cell death level was substantially increased in FRO.



w3t FoF2 =] 2RI &) wound healing assay= Al = "hHo]] FRO= Al 3E ©]
S
o

S ol A d
u} DMSOE A&t 79, 8505Ce]| vls] FRO2| Al (Fig. 2A). Hl3Eols AZE S48 A4l B4 3k A}
pj_ <
= T
7

A o] Fo x| AL BodTh SX|TE PLX4032 o] AFS FHlo] Fjlt
£ A2]8hH 8505C2 M| ofgo] it Bl Ao 2 PLX4032¢] ofslf oF7ke] fantE HolA9k FRO= @A

A) Confrol  3uMPLX4032 8505C .
g 7 1.4 o * 1.4 *%
0 day
1.2 4 12 4
9 _ [ _
3 s 14 [ s 1
0 = =
6} (8}
2 2
day 2 o8 | 2 o8 |
kel ke,
L L
E 0.6 E 0.6 -
E 2
0 day T 0.4 3 0.4 -
O @)
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0 0
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2 300 3uMPLX4032(h) 6
= 1
e J 0
[0} n
9O 200 ©
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O
g 1% eaom -
2
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=
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o
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3 M PLX4032(h) O 3 6
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Fig. 2. Effects on cell motility and epithelial-mesenchymal transition(EMT) in 8505C and FRO cell lines after PLX4032 treatment. A :
Wound healing assay done after freatment with 3 uM PLX4032 for 24 hours showed that cell migration was increased in 8505C com-
pared to FRO. B : The trend could be prominently recognized after quantitative analysis of the distance of cell migration(: : p<0.05,
% 1 p<0.01). C : According to cell chemotaxis assay, cell migration was greater in 8505C. D : RNA levels of vimentin were in-
creased in 8505C after 3 uM PLX4032 treatment but the expressed levels were unchanged in FRO. E : Immunofluorescence assay for
detection of intracellular expression of vimentin after 3 uM PLX4032 treatment showed markedly increased response in 8505C.

f\/
o) o
) O
@ Y AN
3hPLX4032um) O 05 1 3 5 3uMPLX4032(h) O 1 3 24 o & g 3 $°
w
Tme@h) & S
p-EGFR | — — — -] p-EGFR |—- . —--—.] S o r»,\\( &
p-AKT M oAt | —— | || peor |  — -——‘
p-ERK |-' ] p-ERK |; l p-AKT i
Vimentin |_.__——| Vimentin |—_—-] p-ERK I ‘
GADPH | J GADPH : — ] GADPH | ‘

Fig. 3. Analysis of EGFR expression in 8505C cell line which influences drug sensitivity to PLX4032. A : Western blot analysis after each
freatment with PLX4032 of increasing dose for 3 hours. p-EGFR expression showed increment together with p-AKT and vimentin while
p-ERK expression was decreased. B : Similar results were noted after each treatment with 3 uM PLX4032 of increasing treatment
fime. Expressions of p-EGFR, p-AKT and vimentin were increased and p-ERK expression was decreased. C : Western blot analysis af-
ter each freatment with different regimen. Compared fo the expression levels in control, p-EGFR and p-AKT expressions were increased
while p-ERK level decreased after 3 uM PLX4032 treatment. Upon treatment with 3 uM Tarceva, p-EGFR and p-AKT decreased. After
combination freatment of 3 uM PLX4032 and 3 uM Tarceva, p-EGFR expression level remained high while p-AKT and p-ERK ex-
pressions were inhibited.



A 4E 212 #4151 ch(Fig. 2B). Boyden ChamberE: ©]
85} cell migration assayoll A% 22> AE Af&elst 4= Q)
Ach(Fig. 20). Egh PLX40327F EMTOl 9&-& F+4] 17|
98 EMTY] F=2 2122 vimentin®] RNA W3S 218}
A3}, 8505CATE vimentin®] ##o] F71E] 31 FROYIA &=
W7} 9IIcH(Fig. 2D). ESH vimentin®] A|EY] HHE-g WY
Y G o 2 BRolgt At 8505ColA] & oJa Wrglo
AxslA S71E= AS BokcHFig. 2B).

o

EGFR 3 24

3. PLX4032 %4 Z4N0l T3S =
2 3RI57] 918l

PLX40329] ]38+ EGFR &4 %7}
B A7 R PLX4032E 8505Cl| A28t & p-EGFRE] 2
&S Western blot analysis® <153t PLX40329] 55k
7} ol 29, p-EGFR 2 Z7P} GAIE %1 p-AKT %
vimentin 2 T3t 3 S71EACHFig. 3A). ARPEE A
g Auke 9JA] p-EGFRE] Wdlo] 3ARIIA] =2p& 0 &2 37}
SFAIL 24AZ A= A BATHFig. 3B). EGFR ARl
Erlotinib(Tarceva™) & PLX40322} 37 22|51 PLX40329])

p~EGFRO| ZH5 4] ofal &5k p-AKT
skl (Fig. 3C).

4, 0|=0|4] 0tRA ZH(Xenograft mouse model)oi|l A2
PLX40322} EGFR &7 M

8505C = FRO A5 = npe-28] Mol =45t
o 914 (orthotopic) ©]F ©]4] up--A HEAS whESIT] Al
3 9] 35 Sof) Y FAdE ERISH F, DMSO E+= PLX4032
£ 355 %HEF33]) Azlskairt. 8505Col| A= PLX4032E A
2lstolt tjtol| Hlsl| Foke] 7ol HakL glAY ofxt
AR ¢S B, FRONA = S 2717t @A 7+
< U5t ATHFig. 4A). T4 22 | T
3t 23} PLX40324]2]A] 8505Co|A+= p-EGFR=
H3PE Gl Bholl FROOIA = @A13] 4] lch(Fig. 4B).
p-AKT ¥ vimentin®] ¥& 9| 8505CoIA+= S7Fo1%IA
T FROO| A= ZFAskodct =3 WY shsl A o & FoF
Z22 Y| p-EGFR W& g1t A1) PLX40325 Azgh
8505C2] =2} oA p-EGFR #dlo] $7lsl&= AL & &

@ Control PLX4032 Thyroid @
8505C  FRO -
PLX4032 -+ -+ Conirol PLX4032

Thyroid

. 4 e

x 200

8505C p-EGFR
p-AKT
p-ERK
FRO Vimentin
i GADPH

©

Control

8505C FRO

PLX4032

%) f-vf_!_ 4

Control PLX4032

Flank

P-EGFR

Control PLX4032

Fig. 4. Treatment response to PLX4032 in 8505C and FRO cell lines in a xenograft mouse model. A : Injection of PLX4032 after ortho-
topically injecting 8505C and FRO cell lines in nude mice showed different outcomes. The tumor was slightly increased or showed
no change in the 8505C injected mice while prominent decrement in size was noted in the FRO injected mice. B : Analysis of the in-
fratumoral protein expression after PLX4032 treatment revealed no change in p-EGFR in 8505C while the expression was notably de-
creased in FRO. Also, p-AKT and vimentin were increased in 8505C however the expressions were decreased in FRO. C : Immunohis-
tochemical analysis of the p-EGFR expression showed that it was markedly increased in 8505C treated with PLX4032. D : Similar
results were noted for the ectopic xenograft mouse model. After PLX4032 treatment, the 8505C tumor growth at the flank area
showed minimal decrement but there was noticeable size shrinkage of the FRO fumor. E : Increased level of p-EGFR expression was
confirmed in 8505C after PLX4032 treatment under immunohistochemistry.
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