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[Abstract] Objective To explore whether the combination of bortezomib and Bcl-2 inhibitor (obatoclax,
AT-101, ABT-199) can synergistically induce the apoptosis of human acute B lymphoblastic leukemia cell line Nalm-6.
Methods MTT assay was used to evaluate cell viability of Nalm-6 cells in response to Bcl-2 inhibitor alone or combined
treatment for 48 h. Apoptosis was examined by flow cytometry and the expression of Bel-2 family proteins, ubiquitin,
microtubule-associated protein 1 light chain 3B (LC3B), p62, binding immunoglobulin protein (Bip), phosphorylated p38
(p-p38), phosphorylated c-Jun N-terminal kinase (p-JNK), and C/EBP homologous protein (CHOP) was detected by Western

blotting after drug alone or combined treatment. The mRNA levels of critical factors of endoplasmic reticulum stress (ERS)
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response, including Bip, CHOP, activating transcription factor (A7F) 4, ATF6, inositol-requiring enzyme lo (/RE!a) and X-box
binding protein 1 (XBPI) were measured by qRT-PCR. Finally, MTT and flow cytometry were used to determine whether
tauroursodeoxycholate acid (TUDCA, an ERS inhibitor) could reverse the apoptosis induced by the combination of the
two drugs. Results The application of bortezomib, obatoclax, AT-101 and ABT-199 alone reduced the viability of Nalm-6
cells. Obatoclax potentiated the cytotoxicity of Nalm-6 cells in response to bortezomib, but not including AT-101 or ABT-199.
Obatoclax blocked autophagy flux by upregulating the protein expression of LC3B- Il and p62. The accumulation of
ubiquitin protein was observed after use of bortezomib or obatoclax alone, but the protein significantly increased after two
drug combination. Bortezomib combined with obatoclax caused the dual blockade of autophagy and proteasome and a large
amount of protein accumulation, leading to activated ERS, finally to cell apoptosis. TUDCA reduced the apoptosis induced
by two drug combination. Conclusion Bortezomib in combination with obatoclax can simultaneously inhibit autophagy and
protease activity, triggering ERS, finally inducing human acute B lymphoblastic leukemia cell apoptosis.
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Tab 1 Primer sequences of genes

Gene Primer sequence (5'-3")
Bip Forward: TGT TCA ACC AAT TAT CAG CAA ACTC
Reverse: TTC TGC TGT ATC CTC TTCACCAGT

CHOP Forward: AGA ACC AGG AAA CGGAAACAGA
Reverse: TCT CCT TCATGC GCT GCTTT
ATF4 Forward: GTT CTC CAG CGA CAA GGC TA
Reverse: ATC CTG CTT GCT GTT GTT GG
ATF6 Forward: TCC ACC TCC TTG TCA GCC CCT
Reverse: GCC CTG TTC CAG AGC ACC CTG A
IREla Forward: GCA AGC TGA CGC CCA CTC TGT
Reverse: ACT TGA CGT CCG TGC TGG GC
sXBPI Forward: CTG AGT CCG AAT CAG GTG CAG
Reverse: ATC CAT GGG GAG ATG TTC TGG
usXBP1 Forward: CAG CAC TCA GAC TAC GTG CA

Reverse: ATC CAT GGG GAG ATG TTC TGG
Total XBPI Forward: GCA CCT GAG CCC CGA GGA GA
Reverse: TCA TTC CCC TTG GCT TCC GCC
Forward: AGC ACT GTG TTG GCG TAC AG
Reverse: CTC TTC CAG CCT TCCTTC CT
Bip: Binding immunoglobulin protein; CHOP: C/EBP

homologous protein; ATF: Activating transcription factor; IREla:

[S-actin

Inositol-requiring enzyme lo; sXBP1: Splicing X-box binding
protein 1; usXBP1: Un-splicing X-box binding protein 1; XBP1:
X-box binding protein 1
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Fig1 Cytotoxic effect of bortezomib on human acute B

lymphoblastic leukemia cell line Nalm-6
The ICs, value was calculated by GraphPad Prism 5.0 software.

ICs,: Half inhibition concentration. n=3, x s
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Fig2 Accumulation of anti-apoptotic proteins by

bortezomib in human acute B lymphoblastic leukemia
cell line Nalm-6

Mcl-1: Myeloid cell leukemia 1; Bcl-2: B-cell lymphoma 2;
Bcl-xL: B-cell lymphoma-extra large
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Fig3 Obatoclax potentiated the cytotoxicity of human acute B lymphoblastic leukemia cell line Nalm-6

or ABT-199 was measured by MTT assay (CompuSyn software was used to calculate CI of the two-drug combination, where CI<<1, CI=

in response to bortezomib
A: Cytotoxic effect of obatoclax (ICs,=[0.320.1]umol/L), AT-101 (IC5,=[3.5%1.5]pmol/L), or ABT-199 (IC5,=[9.6%1.6]umol/L)
on Nalm-6 cells. The ICs, value was calculated by GraphPad Prism 5.0 software. B: Cell viability of bortezomib plus obatoclax, AT-101,

1;

CI>1, indicate synergism, additive effect and antagonism, respectively). C: Cellular apoptosis was assessed by phosphatidylserine

externalization, and cells were stained with Annexin V -FITC. Oba: Obatoclax; Bor: Bortezomib; CI: Combination index; Dex:

Dexamethasone (positive control); ICs,: Half inhibition concentration; FITC: Fluorescin isothiocyanate. ~ P<<0.01. n=3, x+s
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Fig 4 Effect of Bcl-2 inhibitors on autophagy-related proteins in human acute B lymphoblastic leukemia

cell line Nalm-6

A: Conversion of LC3B- 1 to LC3B- Il and p62 protein expression levels were determined by Western blotting; B: Poly-

unbiquitinated protein was measured by Western blotting. LC3B: Microtubule-associated protein 1 light chain 3B; GAPDH:

Glyceraldehyde-3-phosphate dehydrogenase
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Fig5S Combination of bortezomib with obatoclax induced endoplasmic reticulum stress and terminal pro-apoptotic
endoplasmic reticulum stress response
A: Protein levels of Bip, p-JNK, p-p38 were detected by Western blotting; B: mRNA levels of Bip, CHOP, ATF4, ATF6, IREla and
s/usXBP1 were measured by qRT-PCR ('P<<0.05, "P<<0.01 vs 0 h. n=3, x+s); C: Protein level of CHOP was determined by
Western blotting; D: Cell viability was determined by MTT assay (" P<<0.01. n=3, x%s); E: Apoptosis rate was detected by flow
cytometry (" P<<0.01. n=3, x=s). Bip: Binding immunoglobulin protein; p-JNK: Phosphorylated c-Jun N-terminal kinase; p-p38:
Phosphorylated p38; CHOP: C/EBP homologous protein; ATF: Activating transcription factor; IREla: Inositol-requiring enzyme
la; s/usXBP1: Splicing/un-splicing X-box binding protein 1; TUDCA: Tauroursodeoxycholate acid; Dex: Dexamethasone (positive

control)
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