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Abstract The antitumor activities of NL-101, aHDACi/DNA damage dual-targeting drug, on human multiple
myeloma in vitro and in vivo were studied. Furthermore, the primary mechanisms were revealed. We detected the
anti-proliferative activity of NL-101 on 10 human multiple myeloma cell lines, and the combinational effect of NL-
101 and bortezomib on RPMI 8226 cell line. The inducing effects of NL-101 on cell cycle arrest and apoptosis
were detected by FACS. The effects of NL-101 on acetyled-Histone H3, total Histone H3, acetyled a-Tubulin,
total a-Tubulin, phospho-Histone H2A. X and total Histone H2A. X were evaluated by Western blott. We also
demonstrated the antitumor activity of NL-101 and the combinational effect of NL-101 and bortezomib on RPMI
8226 xenograft tumor model in vivo. Results showed that NL-101 possessed strong antitumor activities on human
multiple myeloma cells in vitro and in vivo. NL-101exhibited significant HDAC inhibitory activity and DNA alky-
lating activity. NL-101not only inhibited histone deacetylation level, but also increased the DNA damage in multi-
ple myeloma cells. Meanwhile, NL-101 induced cell cycle arrest and apoptosis. Also, the synergistic effect of NL-
101 was discovered when combined with bortezomib in vitro and in vivo. These data demonstrated that NL-101

may be a potent agent for the treatment of human multiple myeloma in future.
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Figure 1  Structure of NL-101
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Table 1  Anti-proliferative activityof NL-101 on multiple myeloma
cell lines
IC5y/ ( mol/L)
Cell line NL-101 Melphalan
Test 1 Test 2 Test 1 Test 2
AMO1 3.3 2.7 4.1 3.6
EJM 2.5 3.3 20. 4 22.2
MMIR 0.6 0.7 2.9 2.9
MM1S 1.4 1.1 3.2 2.9
MOLP8 1.2 1.1 1.5 1.5
NCI-H929 1.2 0.9 4.8 5.2
OPM2 2.0 2.1 13.0 14.5
U266B1 4.9 2.5 23.6 20.5
LP-1 5.0 7.1 47.0 54.9
RPMI 8226 2.6 2.6 22.9 24.9
B 1.0 C
< 0.8
x g ’
£06
13 104
. S 7:x Soa l%x 5, 2
X
076 078 |70 0 0 0{2 0T4 016 0|.8 110

Fractional effect

Figure 2 CI values of combination of NL-101 and three concentrations of bortezomib (A :1Cy;B:1Cs, C:1C; ). Additive effect: C1=1. 0;Synergis-

tic effect; CI <1.0;Antagonistic effect; CI>1.0. Biological synergistic effect usually requires CI <0. 5
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Figure 3 Time- and dose-dependent effects of NL-101 on cell cycle. RPMI 8226 cell was treated three concertrations( 1,5 and 25 pmol/L ) NL-101
and control agent DMSO for 2,24 and 48 h,respectively. The percentage of cell cycle distribution was performed by flow cytometry

2h 24h 48h A 2h 24h 48h B
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Histone H3 e - — o-Tubulin
Histone H3 R~ R - — - — o-Tubulin o hanbadont - &k
GAPDH e (N S L T R p———

Figure 4 NL-101 inhibited histone deacetylation. RPMI 8226 Cell incubated with variable concentrations of NL-101 or SAHA for 2,24 and 48 h,
respectively. A; Western blot analysis to detect the effect of NL-101 on acetylation of histone H3 ( Ac-H3) and total histone H3 ;B : Western blot analysis
to detect the effect of NL-101 on acetylated o-Tubulin and total a-Tubulin. GAPDH was determined as a loading control

2h 24h 48 h
NL-101 Melphalan  NL-101 Melphalan NL-101 Melphalan
¢/(umol/L) 0 1 525 5505000 1 5 25 55050001 525 550500

Phospho-Histone -— - —
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Histone H2A.X | —— - - d

GAPDH -.-.-.-.--.----- -

Figure 5 NL-101 induce DNA damage. RPMI 8226 Cell incubated with variable concentrations of NL-101 or melphalan for 2,24 and 48 h,
respectively. Western blot analysis of the expression of phospho-Histone H2A. X (y-H2A. X) and Histone H2A. X. GAPDH was determined as a
loading control
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Table 2 Effect of NL-101 on RPMI 8226 xenograft tumor model (x +5,n=6)
D34 after xenograft
Group 3

Tumor volume/mm’ RTV TG/ % T/C/% P
Control 2 150 +166 16.7 1.4 - - -
Melphalan 5 mg/kg 786 +82 6.0+0.7 64 36 <0.001
NL-101 10 mg/kg 1 152 +58 8.9+0.6 47 53 0. 001
NL-101 20 mg/kg 724 +80 5.6+0.7 66 34 <0.001
NL-101 30 mg/kg 319 £21 2.5+0.3 85 15 <0.001

RTV :Relative tumor volume ; TGI; Tumor growth inhibition

3.7 LamEAE KRB xF RPMI 8226 -4 45 44 it /i
A K A4l 4E A

TEVRSN A IR 52 36, NL-101 5 8 85 44 K
R BEH B RS o PRt , 78 RPMI 8226 J7
I ABAE AR A RS ¢ NL-101 S0 (e K 0]
e HA B FEMEAER. SRAIRER(E3),
NL-101 f9{i i 77 i (10,20 #1130 mg/kg) i677
HAEREA R 5 35 R R R B 25 A R /R A

MR A e i 1 W2 R (ST 45 3
¥k P <0.001),T/C 43514 66% ,35% Fl 11%
R AR 0 AR B AR M 2 Rk R B RR A K
(0.4 mg/kg) FI NL-101 (20 mg/kg) Bk 5 V677 41
7R L TR — B2 P 2558, IF BRI AR 4
Br, WK (0. 4 mg/kg) 45 NL-101(20 mg/kg) Hk
F4S 2570 B2 D EIFE A

Table 3 Combinational effect of NL-101 and bortezomib on RPMI 8226 xenograft tumor model (x +s,n=6)

D35 after xenograft

Group

Tumor volume/mm?* RTV TGL/ % T/C/ % P
Control ( Group 1) 1 950 +286 17.0+1. 1 - - -
Bortezomib ( Group 2) 0.4 mg/kg 1111 +131 9.8+0.5 42 58 <0.001
NL-101 ( Group 3) 10 mg/kg 1231111 11.3+1.0 34 66 <0.001
NL-101 ( Group 4) 20 mg/kg 710 £112 6.0+0.5 65 35 <0.001
NL-101 ( Group 5) 30 mg/kg 210 =58 1.9+0.3 89 11 <0.001
Combination( Group 6) ( bortezomih 346 +27 3.3+0.6 81 19 <0.001

0.4 mg/kg + NL-101 20 mg/kg)

Note ; Group 6 vs Group 2,P <0. 001 ;Group 6 vs Group 4,P =0. 049 ; The combination of bortezomib and NL-101 showed significant synergistic reac-

tion by Two-way ANOVA analysis( P =0.015)
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fig ik ( romidepsin, FK-228 ) | Il #] &] {th ( belinostat ,
PXD-101) #1Mf kb ] i ( panobinostat, LBH-589 ) ,
FEE P, HDAC il 550 P4 i5 A i g CFDA i T
1BIT R R AHMEIRTESNE T 4 Bk L9

A P A R o3 A, 8 70 1 NL-101 Al i
LA PR 40 I R8T P < ) R 48 i HDAC 3%
P, AT {8 DNA XUEFIZH 28 1 45 G /8 A mids , 5408
PIE AT 25 5 Mot DNA, {45 DNA e Al 5 B & 4%
SERAVERT , DT A B 3 LR TE . SE34h
RAIESLIR B T eI Bt H Y : NL-101 84 2L
## HDAC3 #1 HDAC6 (136 Pk, T2 L BEfb 41 2R



55 48 55 4 ] 17

R, 5 UL R 254 NL-101 [HT 2 e My

R T P S AL AT 5T 475

1 H3 H1 Z WAl o-Tubulin 7K 55 i1 ; [ B 3 & 4%
T DNA 5515 FT 18 s 40 i o A R 1k H2A.L X
AFSE I WRAME 22 bk 22 A1 69 A i Ak AT
B 0 PTG 1L , M HAE RPMI 8226 /iR
ﬁﬁ%ﬁﬁﬁ%‘iﬁ” B LR B AR I R A

N T A e R A

LT NL-101 557 B el 1 1k ﬁ%#%ﬁ
KA TR 259, HAbE VA ik — 20
W o

S & X

[1] Manal M, Chandrasekar MJ, Gomathi Priya J. Inhibitors of histone
deacetylase as antitumor agents: a critical review [ J ]. Bioorg
Chem ,2016,67 :18 —42.

[2] Groselj B, Sharma NL, Hamdy FC, et al. Histonedeacetylase
inhibitors as radiosensitisers: effects on DNA damage signalling
and repair[ J]. Bri J Cancer,201,108(4) :748 —754.

[3] Sanchez E, Shen J, Steinberg J, et al. The histone deacetylase
inhibitor LBH589 enhances the anti-myeloma effects of chemo-
therapy in vitro and in vivo[ J]. Leuk Res,2011,35.373 —379.

[4] Lee CK,Wang S,Huang X, et al. HDAC inhibition synergistically

enhances alkylator-induced DNA damage responses and apoptosis

(8]

[10]

in multiple myeloma cells [ J]. Cancer Lett, 2010, 296 . 233
- 240.

Ai T, Cui H, Chen L. Multi-targeted histone deacetylase inhibitors
in cancer therapy[ J]. Curr Med Chem,2012,19 .475 —487.

Cai B, Lyu H, Huang J,et al. Combination of bendamustine and
entinostat synergistically inhibits proliferation of multiple myeloma
cells via induction of apoptosis and DNA damage response[ J].
Cancer Leit ,2013,335.343 —350.

Mehrling T, Chen Y. The alkylating-HDAC inhibition fusion prin-
ciple : taking chemotherapy tothe next level with the first in class
molecule EDO-S101[ J]. Anticancer Agents Med Chem ,2016,16
(1):20 -28.

Yu J,Qiu S,Ge Q,et al. A novel SAHA-bendamustinehybridin-
duces apoptosis of leukemia cells[ J]. Oncotarget,2015,6 (24 ) .
20121 -20131.

Gentile M, Vigna E, Recchia AG et al. Bendamustine in multiple
myeloma[ J |. Eur J Haematol ,2015,95(5) ;377 - 388.
Dimopoulos M, Siegel DS, Lonial S, ez al. Vorinostat or placebo in
combination with bortezomib in patients with multiple myeloma
(VANTAGE 088) : a multicentre ,randomised , double-blind study
[J]. Lancet Oncol 2013 ,14(11) :1129 - 1140.

Yalon M, Tuval-Kochen L. Overcoming resistance of cancer cells
to PARP-1 Inhibitors with three different drug combinations[ J].
PLoS ONE 2016 ,11(5) :e0155711.

BBRIL=: 28-115, IRIDTTE , YRICDIRGS !




