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Celastrol inhibits multiple myeloma cell growth by activating eukaryotic initiation factor 2a in unfolded protein
response
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[Abstract] Objective To investigate the relationship between celastrol inhibition against multiple myeloma cell
growth and unfolded protein response (UPR) and the related molecular mechanism, so as to provide new drug targets for
multiple myeloma treatment. Methods Four multiple myeloma cell lines RPMI 8226, U266, SKO and KMS-11 were treated
with different concentrations (proliferation: 0.0-10.0 pmol/L; apoptosis: 0.0-4.0 pmol/L; cell cycle: 0.0-1.5 umol/L) of celastrol
for different periods (proliferation: 1-3 d; apoptosis: 1 d; cell cycle: 1 d), and cell proliferation, apoptosis and cell cycle were
examined. Western blotting analysis was used to detect the main molecules in the inositol-requiring enzyme 1 (IRE1), PRKR-
like endoplasmic reticulum kinase (PERK), and activating transcription factor 6 (ATF6) signaling pathways of UPR, which
included glucose-regulated protein 78 (GRP78), ATF6, PERK, eukaryotic initiation factor 2a (eIF2a), phosphorylated-
elF20 (p-elF2a), C/EBP homologous protein (CHOP), IRE1 and phosphorylated-IRE1 (p-IRE1). After the lentivirus vector
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containing short hairpin RNA (shRNA) was used to interfere with e/F2a expression in RPMI 8226 cells, the effects of celastrol

were detected on signaling molecule expression, apoptosis and cell cycle. Results Celastrol inhibited the proliferation of 4

multiple myeloma cells, induced apoptosis, and arrested the cell cycle at G,/G, phase in dose- and time-dependent manners.
RPMI 8226 cells were most sensitive to celastrol. For RPMI 8226 cells, when 0.5-2.0 pmol/L of celastrol was used for 30 min
to 24 h, the p-eIF2a levels in the PERK signaling pathway of UPR were significantly increased (P<<0.05 or P<<0.01), and
the downstream CHOP expression was risen correspondingly (P<<0.05 or P<<0.01), but the other two pathways ATF6 and

IRE1 were not affected obviously. After interference of e/F2a expression with lentivirus vector containing shRNA, the effects

of celastrol to increase CHOP expression, induce apoptosis and arrest cell cycle were significantly attenuated or disappeared.

Conclusion Celastrol can inhibit the growth of a variety of multiple myeloma cells, and the activated elF2a molecule in the

UPR PERK signaling pathway may be one of the mechanisms.

[Key words] celastrol; multiple myeloma; unfolded protein response; eukaryotic initiation factor 2o
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Fig1 Celastrol inhibiting multiple myeloma cell proliferation in time- and dose-dependent ways
A: RPMI 8226; B: U266; C: KMS-11; D: SKO. n=3, x=*s
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Fig2 Celastrol inducing multiple myeloma cell apoptosis in time- and dose-dependent ways

After 1 d treated with different concentrations of celastrol, the apoptosis levels of RPMI 8226 (A), U266 (B), KMS-11 (C) and SKO (D)

cells were detected by flow cytometry. "P<<0.05, "P<<0.01 vs 0.0 pmol/L celastrol group. n=3, x=+s
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Fig 3 Effect of celastrol on cell cycle of multiple myeloma cells

After 1 d treated with different concentrations of celastrol, the cell cycle of RPMI 8226 (A), U266 (B), KMS-11 (C) and SKO (D)

cells was detected by flow cytometry
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Ah, elF20 IRRINSG, ARG R 2 LI E R
YA & ARSI T R AR s (& 6) |, T EN PR
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Time 10 min 30 min Ih 6h 24h
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CHOP (27 000) || | IR ' -
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P-IRET (110 000) § = s o ol [ o5 o s s [ [ o o0 ]| Tl |
aroi 6000 [ ] [ e e | [ ][0 e ] [ o]

4 BRBLARNSEZMEE BN RPMI 8226 UPR 5 SEH S FRIZHFN
Fig4 Effect of celastrol on UPR signal pathway in multiple myeloma cell RPMI 8226

UPR: Unfolded protein response; GRP78: Glucose-regulated protein 78; ATF6: Activating transcription factor 6; PERK: RKR-like
endoplasmic reticulum kinase; elF2a: Eukaryotic initiation factor 2a; p-eIF2a: Phosphorylated-eukaryotic initiation factor 20; CHOP:
C/EBP homologous protein; IRE1: Inositol-requiring enzyme 1; p-IRE1: Phosphorylated-inositol-requiring enzyme 1; GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase

K1 ELAEBAZAERESAMEIEBMARLEL RPMI 8226 UPR 5SS EAFHEMRIZE

Tab1 Relative expression of UPR signal pathway molecules in multiple myeloma cell RPMI 8226 after celastrol treatment

n=3,x*s
) Celastrol
Time _. GRP78 ATF6 PERK elF2a p-elF20 CHOP IREI p-IRE1
cp/(umol L)

10 min 0.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.5 1.154£022 1174035 1.1240.31 1114026 0.98+026 1.1940.11 1.16+0.60 1.2740.56
1.0 0.96+0.23 1.14%0.15 1.1440.35 1.1620.18 1.1420.28 1.1920.20 1.13£0.24 1.32+0.45
1.5 12940.17 1.184+0.28 1.124+0.25 1.13+0.28 0.9240.11 1.160.33 1.04%0.67 1.160.48
2.0 12040.09 1.0020.14 1.0020.23 1.0720.30 0.9940.11 1.15+0.34 0812049 1.160.48

30 min 0.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.5 0.94+0.26 1.06+0.28 0944022 09740.18 1.1720.11 1.03£0.23 0.97£0.32 1.06%0.50
1.0 1.05+£0.14 1.044+0.12 1.03+0.23 1.144+0.17 1.4440.15" 1.1420.13 097041 1.17£0.51
1.5 0.99+0.23 1.15+£031 1.07£0.26 1.06+£0.30 1.76+0.117 1.38+0.28" 0.88+0.40 1.1140.48
2.0 0.80+0.45 1.07+£0.29 0.84+0.19 1.01+£0.23 1.55+0.15" 1.31+£0.25" 0.81+0.46 1.07+0.38

1h 0.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.5 0914025 1.1240.26 1.144+0.33 1.0840.38 1.2040.29" 1.2240.17" 1.08£0.30 1.08%0.31
1.0 0.91+£0.09 0.98+0.15 1.16+0.33 1.07£0.30 1.30+0.17" 1.31+0.17" 1.08£0.26 1.1430.37
1.5 1.10£0.16 1.12+0.55 1.09+0.18 1.07+£0.24 1.37£0.17" 1.33£0.27" 1.02+£0.21 1.114+0.24
2.0 1.18+£0.38 1.12+£0.27 1.01£0.29 1.02+£0.20 1.65+0.197 1.33£0.10" 1.10£0.26 1.16+0.55

6h 0.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.5 1.08+£0.15 0.95+0.40 0.93+0.18 0.95+0.28 1.67+0.24" 1.06+0.14 0.99+0.39 0.931+0.39
1.0 1.194£0.28 1.04+£045 1.00£0.23 1.06+£0.28 2.04+0.23" 1.16+0.15" 1.0940.23 0.9940.48
1.5 0.96+0.16 0.96+0.22 0.96+0.33 0.99+0.26 2.38+0.18" 1.21+0.23" 1.04+0.13 1.0610.14
2.0 0.81£0.32 0.90+£0.20 0.77+£0.34 0.94+0.18 2.37+0.237 1.4240.12" 1.07£0.36 0.80%0.35

24h 0.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.5 1.02+0.32 1.05+£0.38 1.14+0.11 1.00%£0.13 1.66+0.30" 1.02+0.47 1.06+0.45 0.9740.05
1.0 0.94+0.11 1.12+0.38 1.10£0.31 1.05+0.18 1.9940.40" 1.2340.11" 1.0940.13 1.0040.38
1.5 1.114043 1.17+£045 1214040 1.03£0.28 2.30+0.48" 1.80+0.22" 1.03+0.26 1.0510.41
2.0 1.174£021 0.924+0.40 1.03+025 0.93+0.30 2.254+0.43" 1.894+0.16" 0.97+0.18 0.9140.31

UPR: Unfolded protein response; GRP78: Glucose-regulated protein 78; ATF6: Activating transcription factor 6; PERK: RKR-
like endoplasmic reticulum kinase; elF2a: Eukaryotic initiation factor 2a; p-e[F20: Phosphorylated-eukaryotic initiation factor
2a; CHOP: C/EBP homologous protein; IRE1: Inositol-requiring enzyme 1; p-IRE1: Phosphorylated-inositol-requiring enzyme 1.
'P<C0.05, "P<0.01 vs 0.0 umol/L celastrol group
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Fig5 Effect of celastrol on CHOP expression following interfering el[2a
A: Expression of elF2a protein in RPMI 8226 cells treated by short hairpin RNA; B-F: Expression of CHOP protein in RPMI 8226
cells interfered with sh-eIF2a and followed by celastrol treatment for 10 min (B), 30 min (C), 1 h (D), 6 h (E) and 24 h (F). elF2a:
Eukaryotic initiation factor 2a; CHOP: C/EBP homologous protein. ~P<<0.01 vs scramble group. n=3, x+s

107 0.0 umol/L 107 0.5 pmol/L 107 1.0 pmol/L 10° 0.0 wumol/L 10° 0.5 umol/L 10° 1.0 umol/L
i 10° 10° 10° i 10°t 10° 10°h
10°k 10°k 10° 10°t 10% 10°
10°} 10°t 10% & 10°f 10°f 2 10°}
2 101303 i“ 10° 10° 10710;03 j“lo5 10° 107101303 : 10° 10° 107 2 10?02 18;16“ 10° 106101202 10° 107 10° 106101202 10°10° 10° 10°
E " 1.5 pmol/L 10 2.0 pmol/L 4.0 pmol/L E 10° 1.5 pmol/L 10° 2.0 pmol/L 10° 4.0 pmol/L
10° 10°F
10° 10°
10* 10° 2
1303 10°10° 10° 10710103 1\‘{‘)“105 10° 10’10103 10" 10° 10° 107 1Oiﬁ65 10° 10° 106101202- \1051(')“ 165 106]01202 163 16“ 165 10°
Annexin V-FITC > A Annexin V-FITC > B
B 6 T elF2a BREIRESZARLEI S LM EHEMEK RPMI 8226 H TN

Fig 6 Effect of different concentrations of celastrol on apoptosis of multiple myeloma
cell RPMI 8226 following interfering elF2a
A: Scramble; B: sh-elF2a. elF2a: Eukaryotic initiation factor 2a; FITC: Fluorescein isothiocyanate; 7-AAD: 7-amino-actinomycin D
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Fig 7 Effect of celastrol on cell cycle of multiple myloma cell RPMI 8226 following interfering e/F2a

A: Scramble; B: sh-elF2a. elF2a: Eukaryotic initiation factor 2o
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