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[ Abstract] Background and purpose: Redifferentiation therapy with MAPK inhibitor is a novel strategy
for radioiodine-refractory differentiated thyroid cancer, but its efficacy is relatively low. Histone deacetylase inhibitor
(HDACI) is another kind of redifferetiation drug, given histone deacetylation at the sodium/iodide symporter (NIS)
promoter by histone deacetylase (HDAC) as a mechanism, combined therapy using HDACI and BRAF/MEK inhibitor
may produce better effect. In the present study, we assessed whether combining HDACI with BRAF/MEK inhibitor
suppressing both BRAF/MEK and HDAC could more effectively induce thyroid gene expression and radioiodine
uptake in thyroid cancer cells. Methods: We tested iodine and glucose handling gene expression and radioiodine uptake
in BCPAP, K1, BHP 2-7 cells treated with dabrafenib/selumetinib and panobinostat alone or in combination using
(real-time fluorescent quantitative polymerase chain reaction (RTFQ-PCR), Western blot, immunofluorescence, flow
cytometry, radionuclide uptake/efflux assay and in vitro clonogenic assay. Results: Dabrafenib/selumetinib induced
modest expression of thyroid genes and radioiodine uptake and suppressed GLUT1 expression in BCPAP and K1 cells,
panobinostat showed redifferetiation effect in all the cells. Dabrafenib/selumetinib and panobinostat showed synergistic
effect on redifferentiation in BCPAP and K1 cells. Conclusion: Simultaneously suppressing BRAF/MEK and HDAC
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induced more robust expression of thyroid genes and radioiodine uptake in thyroid cancer cells harboring BRAF "

compared with suppressing BRAF/MEK or HDAC alone, which warrants further investigation in animal and clinical

trials.
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Fig. 1 Influence of dabrafenib, selumetinib and panobinostat alone or in combinition on cell cycle of BCPAP cells
Da: Dabrafenib; Se: Selumetinib; Pa: Panobinostat
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Fig. 2 Influnce of dabrafenib, selumetinib and panobinostat alone or in combinition on mRNA level of iodine and glucose handling genes
in PTC cells
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Fig.3 Influnce of dabrafenib and panobinostat alone or in combinition on p-ERK and Ac-Histone level in PTC cells
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Fig. 4 Influnce of dabrafenib, selumetinib and panobinostat alone or in combinition on radioiodine uptake in PTC cells

Con: Control; Da: Dabrafenib; Se: Selumetinib; Pa: Panobinostat
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Fig. 5 Influnce of dabrafenib, selumetinib and panobinostat

alone or in combinition on "*'I toxity in BCPAP cells

Con: Control; Da: Dabrafenib; Se: Selumetinib; Pa: Panobinostat

MA PKGH i 9 P00 S5 PR 28 I B0 NIS AR §
TR DG 35 PR A T R S 3 LR s s B
PEBUCHT " L AHELBRAF/MEKSNHIF], £
PPHIFR ) B TN A2 802, O BRAF/MEK R 5
PSR M5 S RR-DTCH MBI 510G
SYBUBAERE R L L SR, e/ IVREAS I IR
W, BRAF/MEKH i 51175 5 740 fL 1 A 2RIt
AR, HIRH A, B8 LARMAPKHH]

FITE M RE RS+l B2 10

e EE F A — B R HDACT, AR AR A1
SEE R, HAT DB A A B BRI NS 8
A KO AR AE S VYL ARBFSE R, W T
MY BRAF O 5 A5 B PTCAR ML, FHbA b Rt
MAPKIPHI RN ARG, U A eI F 3
IREC R R B R, AR MR B NISER 13k
IR, PR —AC R, RO O 41
BEMEVE W L — P2 . PR 2 B
W e E IR AT RE R, NISKR sh FIX 4
H 2 LA S BOLUTER, MiBRAF " 575 fir 8
MAPKGHE JEB0GE 7 SENISIE S FXAEHEC
fefk, BTMMAPKINHIFIFAIHDACIES A, Al Liak
SR NISIE sh T X U 2 Ok, M
BERENISEIRAF

FFLR 9 40 ) AL RTAREAR ) =2 (R A7 A %8
BRH RO L B R A Y 2 A Ak,
RPAE LA T8, GLUT1EIL FiE, Smfg
AL FR IR R 2 A RSP -FDG R e S
FEFRATHE AT FFFE R, BHP2-740 i 4 £ 3 ity
WHIF M IRYT )R, GLUT1, GLUT3Z A
SF_FDGHEHURFEAR ' ; HDACTHL R ¥ & Bl
LARRARI R A GLUT i 35 1) . 52 M
i, ARAESE A APKAN ] ] FTHD A CI3 AT R AIG
GLUT133k, X KHH""F-FDG PET/CTTHIM 4
BRI TR AL T BB SR

A, ARWFTEI K Bk fr R e il e A=
K IF T E B BB, RO 5
BRAF"™" 278 (Y BCPAPAIK 1 40 i A/ F A &, it
XA BRAF " 5878 [ BHP 2-7T40 i TG B & 1
Mo X—MG 52—t 5% F BRAFHP 5 Y



846 BRE, &

MAPKHDTHIFFI S BE B E ZETHESIPHIFIX PRI B AR EBONIER

BRAF" 3R 0 ABrgE bRl %
B RIE M A BEREME, BHP 2-740 07 505%
2, RERE IR R AR MAPKGH FE g4
i, IS B9 PI3K/AKTIE AR SR X s 200 it A K
SRR A EmE N L RS
SR A SR F AR B ARG T o TR TR 7 B 5 e

(& % X Bt

[1] KITAHARA C M, SOSA J A. The changing incidence of
thyroid cancer [ J ] . Nat Rev Endocrinol, 2016, 12(11): 646
653.

[2] SCOTTE, LEAROYD D, CLIFTON-BLIGH R J. Therapeutic
options in papillary thyroid carcinoma: current guidelines and
future perspectives [J] . Future Oncol, 2016, 12(22): 2603-
2613.

[3] KIM S, CHUNG J K, MIN H S, et al. Expression patterns
of glucose transporter—1 gene and thyroid specific genes in
human papillary thyroid carcinoma [ J ] . Nucl Med Mol
Imaging, 2014, 48(2): 91-97.

[4] VAISMAN F, CARVALHO D P, VAISMAN M. A new
appraisal of iodine refractory thyroid cancer [ J ] . Endocr
Relat Cancer, 2015, 22(6): R301-R310.

[5] GRABELLUS F, NAGARAJAH J, BOCKISCH A, et al.
Glucose transporter 1 expression, tumor proliferation, and
iodine/glucose uptake in thyroid cancer with emphasis on
poorly differentiated thyroid carcinoma [ J ] . Clin Nucl Med,
2012, 37(2): 121-127.

[6] RUAN M, LIU M, DONG Q, et al. Todide— and glucose—
handling gene expression regulated by sorafenib or
cabozantinib in papillary thyroid cancer [ J] . J Clin
Endocrinol Metab, 2015, 100(5): 1771-1779.

[7] HOU P, BOJDANI E, XING M. Induction of thyroid gene
expression and radioiodine uptake in thyroid cancer cells by
targeting major signaling pathways [ J ] . J Clin Endocrinol
Metab, 2010, 95(2): 820-828.

[8] CHAKRAVARTY D, SANTOS E, RYDER M, et al. Small-
molecule MAPK inhibitors restore radioiodine incorporation in
mouse thyroid cancers with conditional BRAF activation [ J | .
J Clin Invest, 2011, 121(12): 4700-4711.

[9] HO AL, GREWAL R K, LEBOEUF R, et al. Selumetinib—
enhanced radioiodine uptake in advanced thyroid cancer [Jl.
N Engl J Med, 2013, 368(7): 623-632.

[10] ROTHENBERG S M, DANIELS G H, WIRTH L J.
Redifferentiation of iodine-refractory BRAF V600E-mutant

metastatic papillary thyroid cancer with dabrafenib-response

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[J ] .Clin Cancer Res, 2015, 21(24): 5640-5641.
ZHANG Z, LIU D, MURUGAN A K, et al. Histone
deacetylation of NIS promoter underlies BRAF V600E-
promoted NIS silencing in thyroid cancer [ J ] . Endocr Relat
Cancer, 2014, 21(2): 161-173.
KELLY W K, O’CONNOR O A, KRUG L M, et al. Phase |
study of an oral histone deacetylase inhibitor, suberoylanilide
hydroxamic acid, in patients with advanced cancer [J1.17
Clin Oncol, 2005, 23(17): 3923-3931.
SHERMAN E J, SUY B, LYALL A, et al. Evaluation of
romidepsin for clinical activity and radioactive iodine reuptake
in radioactive iodine—refractory thyroid carcinoma [J7.
Thyroid, 2013, 23(5): 593-599.
PUGLIESE M, FORTUNATI N, GERMANO A, et al. Histone
deacetylase inhibition affects sodium iodide symporter
expression and induces "' cytotoxicity in anaplastic thyroid
cancer cells [ J ] . Thyroid, 2013, 23(7): 838-846.
CHEN L, ALTMANN A, MIER W, et al. Radioiodine therapy
of hepatoma using targeted transfer of the human sodium/
iodide symporter gene [ J ] . J Nucl Med, 2006, 47(5): 854~
862.
CABANILLAS M E, PATEL A, DANYSH B P, et al. BRAF
inhibitors: experience in thyroid cancer and general review of
toxicity [J ] .Horm Cancer, 2015, 6(1): 21-36.
DADU R, DEVINE C, HERNANDEZ M, et al. Role of salvage
targeted therapy in differentiated thyroid cancer patients who
failed first—line sorafenib [ J ] . J Clin Endocrinol Metab,
2014, 99(6): 2086-2094.
THOMAS L, LAI S Y, DONG W, et al. Sorafenib in metastatic
thyroid cancer: a systematic review [Jl. Oncologist, 2014,
19(3): 251-258.
AMOEDO N D, RODRIGUES M F, PEZZUTO P, et al. Energy
metabolism in H460 lung cancer cells: effects of histone
deacetylase inhibitors [ J | . PLoS One, 2011, 6(7): e22264.
XING J, LIU R, XING M, et al. The BRAF T1799A mutation
confers sensitivity of thyroid cancer cells to the BRAF V600E
inhibitor PLX4032 (RG7204) [J ] . Biochem Biophys Res
Commun, 2011, 404(4): 958-962.
SALERNO P, DE FALCO V, TAMBURRINO A, et al.
Cytostatic activity of adenosine triphosphate—competitive
kinase inhibitors in BRAF mutant thyroid carcinoma cells
[J ] .17 Clin Endocrinol Metab, 2010, 95(1): 450-455.
MANFREDI G I, DICITORE A, GAUDENZI G, et al. PI3K/
Akt/mTOR signaling in medullary thyroid cancer: a promising
molecular target for cancer therapy [ J ] . Endocrine, 2015,

48(2): 363-370.

(ki B 2017-05-02 &[] HIY: 2017-08-25)



