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Supplementary Figures and Figure Legends 

Figure S1 
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Supplementary Fig. S1. Hyperthermia destabilizes P/R without compromising cell viability. 
A, Temperature dependent destabilization of endogenous P/R fusion protein in NB4 cells. Relative 
expression levels of P/R and Hsp70 mRNAs were determined by RT-qPCR. Cell viability was 
determined by MTT assay. B, MTT assay of NB4 cells following time-dependent hyperthermia. 
C, Trypan blue assay of NB4 cell viability following indicated treatments, red circles show stained 
(blue) dead cells. Below panel shows the quantification result, data are expressed as mean ± SD 
(n=3). D, Up-regulation of P/R repressed genes by hyperthermia (HT). NB4 cells were subjected 
to hyperthermia (42°C, 1 h) or ATRA (1 μM, 4 h). Changes in endogenous P/R fusion protein 
were determined by western blot using anti-PML antibody, relative expression level of P/R 
repressed genes ICAM2 and ID2 mRNA levels were determined by RT-qPCR. E and F, 
Temperature- and time-dependent destabilization of exogenous P/R protein in HeLa cells. G, 
Trypan blue analysis of HeLa cell viability following indicated treatments. Right panel shows the 
quantification result, data are expressed as mean ± SD (n=3). Hsp70 protein expression was used 
to verify heat-shock. S indicates the supernatant of RIPA lysate and P indicates the insoluble pellet 
fraction. (<) indicates expected size of the full-length P/R protein, (  ) post-translationally 
modified, and (  ) degraded fragments. 
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Figure S2 
 

 
Supplementary Fig. S2. Effects of hyperthermia on PML and RARα proteins. A and B, 
Effects of hyperthermia on exogenous PML and RARα proteins. Transfected HeLa cells were 
subjected to hyperthermia (HT) as indicated and analyzed by western blot. Hsp70 protein 
expression was used to verify heat-shock. S indicates the supernatant of RIPA lysate and P 
indicates the insoluble pellet fraction. (<) points to full-length proteins.
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Figure S3 
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Supplementary Fig. S3. Disturbing P/R-NCoRs interaction inhibits hyperthermia induced 
destabilization of P/R. A, Effect of Hsp70 and Hsp90 inhibitors on hyperthermia (HT) induced 
destabilization of P/R. Transfected HeLa cells were pretreated with Hsp70 inhibitor VER155008 
(10 μM) and Hsp90 inhibitor BIIB021 (0.2 μM) for 4 h prior to hyperthermia treatment. B, 
Destabilization of ATF5 (Hsp70 substrate) and SMAD3 (Hsp90 substrate) in HeLa cells by Hsp70 
inhibitor VER155008 (10 μM) and Hsp90 inhibitor BIIB021 (0.2 μM) treatment for 4 h. C and D, 
IP analysis of PR-NCoR1 interactions. HeLa cells were transfected with Flag-P/R (WT) as well as 
its mutants, and pretreated with or without ATRA as indicated. E, Inhibition of hyperthermia 
induced P/R destabilization by ATRA pretreatment in Flag-P/R (WT) transfected HeLa cells.  F, 
Effects of hyperthermia on Flag-P/R (WT) and ∆LBD mutant with or without pretreatment of 
ATRA. Transfected 293T cells were treated as indicated and analyzed by western blot. G, IP 
analysis of P/R-NCoR1 interaction in P/R (L224P) transfected HeLa cells treated with ATRA. H, 
Effect of ATRA pretreatment on hyperthermia induced destabilization of P/R (L224P) in 
transfected HeLa cells. I, Immunofluorescence staining of P/R and SMRT following hyperthermia. 
Flag-P/R (WT) transfected HeLa cells were pretreated with or without ATRA and subjected to 
hyperthermia (42°C, 2 h). The cells were stained with anti-SMRT antibody (green) and anti-Flag 
antibody (red, shows P/R). Blue color indicates DAPI staining of the cell nucleus. P/R-SMRT 
colocalized dots of diameter > 500 nm (P/R-SMRT large dots) from each group were counted and 
compared, n=10 for each group. Scale bar is 5 μm. White triangles point to the P/R-SMRT 
colocalized large dots. J, Duolink PLA assay determination on P/R-SMRT interaction. Flag-P/R 
(WT) transfected HeLa cells were pretreated with or without ATRA and subjected to hyperthermia 
(42°C, 2 h), non-transfected cells were used as negative control. Scale bar is 5 μm. Quantification 
of PLA signal intensity was performed by image J software with at least 10 cells form each group 
and normalized to control group. ATRA was treated/pretreated at 2 μM concentration for 4 h. 
Hsp70 protein expression was used to verify heat-shock. S indicates the supernatant of RIPA lysate 
and P indicates the insoluble pellet fraction. (<) indicates expected size of the full-length P/R 
protein, (  ) post-translationally modified, and (  ) degraded fragments. 
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Figure S4 

 
Supplementary Fig. S4. Depletion of NCoRs inhibits P/R destabilization by hyperthermia. A, 
IP analysis of P/R-NCoR1 interactions in HeLa cells transfected with Flag-P/R (WT) as well as its 
mutants. B, siRNA knock-down efficiency of NCoR1 and SMRT in HeLa cells following 
cotransfection with P/R. si-NT stands for non-targeting siRNA. C, Inhibition of hyperthermia 
induced P/R destabilization by silencing of SMRT and NCoR1 in NB4 cells. SMRT and NCoR1 
were simultaneously silenced by sh-N/S#1 (SMRT-sh1 and NCoR1-sh1) and sh-N/S#2 (SMRT-sh2 
and NCoR1-sh2), sh-NC was used as control. S indicates the supernatant of RIPA lysate and P 
indicates the insoluble pellet fraction. D, shRNA knock-down efficiency of NCoR1 and SMRT in 
NB4 cells. 
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Figure S5 
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Supplementary Fig. S5. Hyperthermia mediates P/R ubiquitination in a NCoRs dependent 
manner via SIAH2 E3 Ligase. A, Changes of exogenous P/R (WT) protein in soluble (S), 
insoluble (P) and total fractions in HeLa cells by hyperthermia (HT). B, IP analysis of P/R protein 
SUMO1 modification following hyperthermia and ATO treatment. Transfected HeLa cells were 
subjected to ATO (2 μM, 2 h) or hyperthermia. C, IP analysis of ATRA and ATO resistant P/R 
mutants’ ubiquitination by hyperthermia. Transfected HeLa cells were subjected to hyperthermia 
or ATO (2 μM, 2 h) treatment. D, Inhibition of hyperthermia induced P/R ubiquitination by ATRA 
pretreatment, AHT mutation or LBD truncation. Transfected HeLa cells were pretreated with or 
without ATRA, and subjected to hyperthermia. E, Effect of ATRA on P/R-L224P’s ubiquitination 
by hyperthermia. Transfected HeLa cells were pretreated with or without ATRA and then 
subjected to hyperthermia. F, Knock-down efficiency with non-targeting (NT) or NCoR1 and 
SMRT siRNA combination (N/S) in HeLa cells following cotransfection with P/R. G, siRNA 
knock-down efficiency of SIAH2 in HeLa cells following cotransfection with P/R. H, Degradation 
of P/R in the insoluble (P) fraction after hyperthermia. Flag-P/R (WT) transfected HeLa cells were 
pretreated with CHX (10 μg/mL) for 2 h, subjected to hyperthermia and further cultured for 12 h 
with or without MG132 (10 μM) or/and CQ (20 μM). I, Degradation of ATRA and ATO resistant 
P/R mutants in the insoluble (P) fraction by hyperthermia. Transfected HeLa cells were subjected 
to hyperthermia and further cultured for 12 h before harvesting. J, Effect of p62 depletion on ATO 
induced P/R degradation. Wild type and p62-/- HeLa cells exogenously expressing Flag-P/R (WT) 
were subjected to ATO (2 μM, 2 h) and further cultured for 12 h at normal growth condition. K 
and L, PLA analysis of P/R-Ub and P/R-p62 interactions in NB4 cells. Cells were subjected to 
hyperthermia (42°C, 1 h) and then analyzed by Duolink PLA assay, PML antibody was used to 
detect P/R. Quantification was performed by image J software with at least 10 cells form each 
group and normalized to control group. Scale bar is 5 μm. M, Effect of chloroquine (CQ) on 
degradation of SMRT and NCoR1 after hyperthermia. The samples from Fig. 3J were analyzed by 
western blot to determine the inhibition of post hyperthermia degradation of NCoR1 and SMRT 
by CQ. N, Changes of wild type P/R as well as its mutants in the insoluble (P) fraction after 
hyperthermia. HeLa cells expressing Flag-P/R (WT) as well as its indicated mutants were 
subjected to hyperthermia and further cultured for 12 h. Histone H3 (H3) was used as internal 
control of the insoluble (P) fraction. ATRA was pretreated at 2 μM concentration for 4 h. S 
indicates the supernatant of RIPA lysate and P indicates the insoluble pellet fraction. (*) indicates 
the IgG band.   
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Figure S6 

 
Supplementary Fig. S6. Synergistic effects of hyperthermia and ATO on P/R stability. A 
MTT assay determination of NB4 cells’ viability following same treatment as Fig. 4A. B, 
Synergistic effect of ATO (0.5 μM) with hyperthermia (HT) on P/R exogenously expressed in 
HeLa cells. C, IP analysis of P/R-A216V’s ubiquitination in transfected HeLa cells by ATO (2 
μM) or/and hyperthermia (42°C) treatment for 2 h. (*) indicates the IgG band. D, Effects of 
hyperthermia or/and ATO (2 μM, 2h) on P/R (WT) and its L224P and A216V mutants in 
transfected 293T cells. E, Effects of ATO (1 μM) or/and hyperthermia treatment (2 h) on 
endogenous P/R protein in primary blasts taken from APL patients. Changes in viability of primary 
APL cells were determined by MTT assay, data shown is mean ± SD. S indicates the supernatant 
of RIPA lysate and P indicates the insoluble pellet fraction. (<) indicates the full-length P/R protein, 
(  ) post-translationally modified, and (  ) degraded fragments.
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Figure S7 
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Supplementary Fig. 7. PML-A216V mediated ATO resistance of P/R.  A, Images of the 
myeloid sarcoma in the scalp of the patient (#III); below panel shows histological and 
immunohistochemical staining of the dissected lesion (myeloid sarcoma) on the scalp. HE, 
hematoxylin-eosin staining, ×20; BCL-2, anti-apoptotic protein B-cell lymphoma 2, ×20; Ki67, 
the antigen encoded by MIK67 gene indicating the aggressiveness of tumor, ×20; MPO, 
myeloperoxidase, generally found in granulocytes, here indicates APL cell infiltration, ×20. B, 
Western blot analysis of ATO induced destabilization of P/R as well as its exon 5 deletion mutant 
(∆exon 5) exogenously expressed in HeLa cells. S indicates the supernatant of RIPA lysate and P 
indicates the insoluble pellet fraction. (  ) indicates degraded fragments. C, Sequencing results of 
B2 domain in P/R and unarranged PML as well as LBD in RARα portion of P/R from the bone 
marrow samples of patient (#III), respectively. D, IP determination of Flag-PML (WT) or its 
A216V mutant and GFP-P/R’s interaction. E, Confocal images of Flag-PML or Flag-PML-A216V 
co-transfected with GFP-P/R in PML-/- HeLa cells treated with ATO (1 μM, 2 h). White triangles 
indicate PML-P/R-SUMO1 colocalized dots induced by ATO. Scale bar is 5 μm. F, Ubiquitination 
of P/R (WT) protein by hyperthermia or/and ATO in the presence of PML-A216V. PML-/- HeLa 
cells were co-transfected with P/R (WT) and PML-A216V, subjected to ATO (2 μM) or/and 
hyperthermia treatment for 2 h, and analyzed by IP assay. (*) indicates the IgG band. G, Expression 
of P/R in the APL blasts of patient (#III) taken near the beginning (May 15) and end (Jun 15) of 
the hyperthermia-ATO combination treatment. 
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