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[ Abstract | Background and purpose: Although bortezomib has become one of the major therapeutic agents
against newly diagnosed or relapsed multiple myeloma (MM), there are some patients who become resistant to bor-
tezomib and then relapse, emerging as a major obstacle to long-term survival of MM patients. It has been found that
elevation of intracellular cyclic adenosine monophosphate (cAMP) levels could induce cell cycle arrest and apoptosis in
MM cells, which has become an interesting approach to MM therapy. This study aimed to investigate possible effects
of forskolin combined with bortezomib on bortezomib-resistant myeloma cells and further explore its mechanisms.
Methods: The bortezomib-resistant MM cell lines H929-R and primary cells from patients who do not respond to
bortezomib were used as in vitro models. The influences of bortezomib and/or forskolin on MM cells were evaluated
through cellular morphology, changes of cell distribution and apoptotic rate. Meanwhile, flow cytometry analysis was
used to detect mitochondrial transmembrane potential (Ay,,) and the expression levels of apoptosis regulators in these
cells before and after the treatment were detected by Western blot. Results: Bortezomib (20 nmol/L) synergized with
forskolin (50 nmol/L) to induce apoptosis of H929-R cells and bortezomib-resistant primary cells. In addition, borte-
zomib synergized with forskolin to induce collapse of mitochondrial transmembrane and facilitate the degradation of
anti-apoptosis proteins including Bcl-2 and Mcl-1. Conclusion: Bortezomib could synergize with forskolin to induce
apoptosis in bortezomib-resistant MM cells.
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Tab. 1 Primer sequences of RT-PCR

Gene Forward sequence (5" -3’ ) Reverse sequence (5" -3" )
caspase-3 ACTGGACTGTGGACTTGAG GAAACAATACATGGAATCTG
caspase-9 CGAACTAACAG GCAAGCAGC CCAAATCCTCCAGAACCAA
Bcl-2 ACGACTTCTCCCGCCGCTA ACCCCACCGAACTCAAAGAAG
Mcl-1 GGGCAGGATTGTGACTCTCATT GATGCAGCTTTCTTGGTTTATGG

% 2 FEMERZE(50 nmol/L) & i K BE ST E 2K (20 nmol/L)XTHI29-RAE K K50

Tab. 2 Effect of forskolin alone or combined with bortezomib on the survival of bortezomib resistance myeloma cell lines H929R

(X£s)
Apoptosis/%
Group Sample/n
48 h 72h
Control 6 04+03 1.0+0.6
Forskolin 6 258=+1.4 323+04
Bortezomib 6 20.7+3.9 304+1.9
Forskolin+bortezomin 6 59.3+10.3" 82.6+5.7

H929-R cells were treated with forskolin alone or in combinatiton with bortezomib for 48 and 72 h; *: P<0.05 relative to untreated cells
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Fig. 1 The expression of Mcl-1 and Bcl-2 protein in H929-R cells
treated with forskolin alone or in combinatiton with bortezomib

for 48 h was tested by Western blot
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Tab. 3 Sensitivity of bortezomib resistance MM cell lines to combination of forskolin (50 nmol/L) and bortezomib (20 nmol/L)

(%, X£s)
Cell cycle .
Group Sample/n PI-Rh123*"

G/G, S G,/M

Control 6 32012 36.8+0.8 31.6 + 1.40 2.06+1.34
Forskolin 6 42.6 £0.6 25.6+23 31.8+0.45 40.20 + 0.69
Bortezomib 6 30.10 £ 1.3 325+2.1 374 +£2.04 25.06 + 0.86
Forskolin +hortezomib 6 589+1.6 105+ 1.6 30.6 + 1.05" 85.0 £ 1.45

H929-R cells were treated with forskolin alone or in combinatiton with bortezomib for 48 h; *: P<0.05 relative to untreated cells

F 4 FEMRZE(50 nmol/L) B Jh K B A #25K (20 nmol/L)XTH929-RZA A 1 /8 T4 Bl FmRNAZR % B 22

Tab. 4 Reactivation of gene expression by forskolin combined with bortezomib treatment in bortezomib resistance myeloma cell lines

H929-R
(%, X£5)
Group Sample/n Caspase—9 Caspase—3 Bel-2 Mel-1
Control 6 1.00:0.00 1.00+0.00 1.00+0.00 1.00+0.00
Forskolin 6 1.43+0.36 1.63+0.56 0.62+0.21 0.53+0.25
Bortezomib 6 1.06+0.65 1.26+0.48 1.03+0.05 1.20+0.06
Forskolin+bortezomib 6 2.05+0.85 2.12+0.54" 0.42+0.04" 0.37+0.08"

H929-R cells were treated with forskolin alone or in combination with bortezomib for 48 h, *: P<0.05 relative to untreated cells
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Fig. 2 Effect of forskolin alone or combined with bortezomib on
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the survival of primary MM cells

*:P<0.05, as compared with each other
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