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Supplementary Fig. 1 Silencing of LDHB induces mitochondrial lipid peroxidation in cancer cells. mMRNA
expression of PTGS2 in A549, H358 siRNAs cells, n=3 independent replicates (a). Measurement of total lipid
peroxidation in A549, H460 siRNAs after 72 h of transfection, n=6 (A549), or 5 (H460) independent replicates
(b, ¢). Total lipid peroxidation assessed by immunofluorescence in A549 siRNAs cells after 72 h of transfection
(d, scale bar, 20um). Mitochondrial lipid peroxidation assessed in malignant pleural mesothelioma (e),
pancreatic cancer (f), breast cancer (g), lung cancer (h) siRNAs cells after 72 h of transfection. n=3-4
independent replicates. Colocalization analysis by immunofluorescence in HT1080, MSTO-211H siRNAs after
72 h of transfection (i, j, scale bar, 20um). Transmission electron microscopy images of H460 siRNAs cells
after 72 h of transfection (k). Analysis of cell viability of siRNAs cells after normalization to siCTRL group,
n=3 independent replicates (I-p). Cellular ROS analysis in A549, HT1080, MSTO-211H, PANC-1 cells after
72 h of transfection with siRNAs and 100 uM TBHP (tert-butyl-hydroperoxide) treated samples as positive
control, n=3-8 independent replicates (q, r). Ferroptotic cells (in green and red box) shown by bright field
microscope images of A549 siRNAs and counted by Fiji (s, scale bar, 20um). Quantitative analysis of colony
numbers of H358, H460 siCTRL and siLDHB cells at day 10 after treatment with DMSO or 2 uM ferrostatin-
1 (FER1) for three days after 24 h of transfection, n=3-6 independent replicates (t). Data are presented as mean
+ SD. Unpaired, two-tailed t test. ns no significant difference, *P < 0.05, **P < 0.01, ***P < 0.001, ****P <

0.0001. Source data are provided as a Source Data file.



Supplementary Figure 2

4 H358 H2009 H2228 PF139
- siCTRL - siCTRL 0.0001 - 5 - si
o i p<00001 = s e e §:ES§|'§ Tp<0.0001 e ::E[-)rﬁlé TJp<0.0001
—~ SICTRL+FER1 ~ SICTRL+FER1 e 5 =='s|
i i SICTRL+FER1 SICTRL+FER1
120 — siLDHB+FERT1 120 — siLDHB+FER1 120 ~ SILDHB+FER1 120 — SILDHB+FER1
= 100 = 100 = 100 < 100
Z 80 Z 80 Z 80 2 80
& 60 & 60 8 60 8 60
Z 40 > 40 > 4 > 40
8 20 8 20 8 20 8 20
00 02 04 06 08 10 00 02 04 06 08 1.0 0.00 005 010 015 020 00 02 04 06 08 10
RSL3(uM) RSL3(uM) RSL3(uM) RSL3(uM)
H520 H460 LU99 H1299
- siCTRL 0.0001 - siCTRL 7J5<0.0001 - siCTRL 0.0001 - siCTRL ;
< Siohe - < Sions P < Sitohs - < Siph P00t
~ SICTRL+FER1 ~ SICTRL+FER1 ~ SICTRL+FER1 ~ SCTRL+FER1
120 — SILDHB+FER1 120 — SiLDHB+FER1 120 — siLDHB+FER1 120 — siLDHB+FER1
< 100 < 100 =< 100 < 100
Z 80 Z 80 Z 80 2 80
8 60 8 60 8 60 8 60
2 40 Z a0 2 40- 2 40
[0} O [0} Q
o 20 © 20 O 204 © 20
t T T T 1 T T T T 1 0 T T T T 1 t T T T T 1
0 2 4 6 8 0 2 4 6 8 00 02 04 06 08 10 00 02 04 06 08 10
RSL3(uM) RSL3(uM) RSL3(uM) RSL3(uM)
b c d
DMS114 SU86.86 SKBR3 LS174T
— SiCTRL 7p<0.0001 - siCTRL — siCTRL Tp<0.0001 - siCTRL
S5 siLDHB:Ip< e siLDHij(o'OW S siLDHij( i siLDHij(o.oom
~ SICTRL+FER1 190 ~ SICTRL+FER1 ~ SiCTRL+FER1 15 ~ SICTRL+FER1
120 — siLDHB+FER1 — siLDHB+FER1 120 — siLDHB+FER1 — siLDHB+FER1
< 100 < 100 zg_% — § < 100 100
Z 80 2z 80 1 Z 80 Zz 80
§ 60 8 60 8 60 g 60
2 40 2 40 > 40 2 40
[} o) o] o]
© 20 O 20 O 20 O 20
00 02 04 06 08 10 00 01 02 03 04 05 00 02 04 06 08 10 0 2 4 6 8
RSL3(uM) RSL3(uM) RSL3(uM) RSL3(uM)
e A549 HT1080 PANC-1 MSTO-211H
~ siCTRL —~ siCTRL —~ siCTRL —~ siCTRL 1
< Sitbrig P00 < siLpHB P00t < siLbHg JP<0.0001 < SiLpHBP 00
—~ SiICTRL+FER1 —~ SCTRL+FER1 —~ SiCTRL+FER1 —~ SiCTRL+FER1
120 ~ SILDHB+FER1 120 — SILDHB+FER1 120 — SILDHB+FER1 120 — SILDHB+FER1
2 100 < 100 ¥ ‘,\—!; < 100 o\c,‘100
2 80 2 80 2 80 2 80
| 60 8 60 8 60 | 60
2 40 2 4 Z 40 2 40
Q [} Q Q
© 20 © 20 © 20 © 20
1 T T T T | 0 T T T T 1 0 T T T T 1 0+ T T T T 1
00 02 04 06 08 10 00 01 02 03 04 05 00 02 04 06 08 10 00 02 04 06 08 10
ML162(1M) ML162(uM) ML162(1M) ML162(uM)
f
A549 HT1080 PANC-1 MSTO-211H
~ siCTRL - siCTRL ~ SiICTRL =, ~ siCTRL
< Silpha P00t < Sionad ~ SiLDHA JP=01737 < SilpHA o000t
—~ SiCTRL+FER1 —~ SiCTRL+FER1 —~ sICTRL+FER1 —~ siCTRL+FER1
120 —— si + 120 = si + 120 = si + 120 - i +
iLDHA+FER1 iLDHA+FER1 iLDHA+FER1 iLDHA+FER1
o 100 < 100 < 100 2100 x 5
S B — B B = i
Zz 80 2 80 Z 80 2 80 ﬂ\i
§ 60 § 60 § 60 § 60
S 4 = 40 Z 40 = 40
O g S 9 S 20 © 20
0+ T T T T 1 0+ T T T T 1 0+ T T T T i 0+ T T T T 1
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
RSL3(uM) RSL3(uM) RSL3(uM) RSL3(uM)
g h
A549 HT1080 PANC-1  MSTO-211H A549 HT1080 MSTO-211H
] . ¢ 2. -
SiCTRL  + + *+ * 5 1.5 - 1.5 57 p=0.0429
SILDHA + + + + S [ 1 8 S.-.2
——37kDa 2% 10 2510 s 2810 25
e e e s 5 5 g5 :
ACTIN 36 X6 x5 35 10
el k) -] el N
DHODH 33 08 3508 3308 Xs
% = % £ % = % <05
GPX4 s 0.0+ : 0.0+ . 0.0 0.0+ :
37kDa & X & X & X
LDHB | st e ] e~ [y | NN FOIINY FONINS
ACTIN ﬁﬁﬁﬁ_m@a



Supplementary Figure 2

i -e-siCTRL -e-siLDHB -e- siLDHB+mitoTEMPO -e- siLDHB+TEMPO -e- siLDHB+FER1 j oDMSO oRSL3 +RSL3+mitoTEMPO
HT1080 MSTO-211H A549 HT1080 MSTO-211H
p=0.0002
p=0.0035 p=0.0059
120. 120 p=0.1809 .
0.0300 P i
100 100 —— Ro0.1503 .
g ~_ ¢ ——— % . o ————9 5 00000 P=0.0003 § p—0 0083 < P0000%  p=00003
% 8o Z 80 2 = ' £15 <0.0001! 2
Z 2 515 31 P g15 p0000 0.0001
= = ® _ =0.0001 © 0 0001 e © P<
§ 60 8 60 = P = T p—O oozg | P=0.0007 =
S S [ '_| '—| © ©
5 40 = 40 =10 p=0.4384 210 210
< © = [ b=00003 5 = -1 0000
20 20 @ (1o 3 -0 0147
205 205 205
c T : T T T 1 0 T T T T T 1 2 g 2
00 02 04 06 08 10 00 01 02 03 04 05 g T £,
=0. T o 00 =
RSL3(uM) RSL3(M) 2" SiCTRL  silDHB = s.CT'RL 5|LI'3HB 27 sicTRL 5|LDHB
k DMSO RSL3 RSL3+FER1 RSL3+mitoTEMPO RSL3+TEMPO
10°+ 10°4 10°%
104+ 104 104
= ] 3 E
[
5 i 10°4 o
5 *1 dead cells F dead cells dead cells|| 10°3
03 3.57% 03§ 12.2% 8.66% 03
T -103: .103:
E e ot .
5| <« 40° 0 100 104 10 A40° 0 100 10 10
3 %)
5 @ | 107 10°4
=
10t 3 Toia
i 1 ,
T o
9 10%4 dead cells 10°% dead cells
@ 1 9.50% i 4.3%
03 04
003 1074 1004 103 104
Py . R i ey ey .
-10° 0 10° 104 10° -10° 0 108 104 10° -10° 0 10 104 10° -10° 0 108 104 108 -10° 0 10° 104 10°

PI-A



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Supplementary Fig. 2 LDHB suppresses mitochondria-associated ferroptosis in cancer cells. Cell viability
of siRNAs cells treated with DMSO or GPX4 inhibitors (RSL3 or ML162) alone or in combination with 5 uM
FER1 for 48 h, following pretreatment with 5 uM FER1 for 24 h, n=3 (a, b, d, €), or 4 independent replicates
(c). Western blot analysis of the expression of LDHA, GPX4, DHODH, LDHB, and the statistical analysis for
GPX4 expression after normalizing to corresponding control in A549 (n=3), HT1080 (n=5), PANC-1 (n=5),
MSTO-211H (n=4) siRNAs cells, n indicates independent replicates (g, h). Assessment of cell viability by APH
assay in HT1080, MSTO-211H siRNAs cells treated with DMSO or RSL3 alone or in combination with 20 uM
mitoTEMPO, 20 uM TEMPO, 5 uM FERL1 for 48 h after pretreatment with vehicle, 20 uM mitoTEMPO, 20
UM TEMPO, 5 uM FERL1 for 24 h, n=3 independent replicates (i). Clonogenic survival assay of A549, HT1080
and MSTO-211H siRNAs cells treated with DMSO or RLS3 alone (at the same dose as in Fig.2e) or in
combination with 20 uM mitoTEMPO for 48 h after pretreatment with vehicle or 20 uM mitoTEMPO for 24 h
and then grown in fresh medium for additional 7 days. The data were normalized to DMSO groups, n=3
independent replicates (j). Analysis of PI staining by flow cytometer in MSTO-211H cells after 72 h of
transfection with siRNAs treated with DMSO or 250 nM RSL3 alone or in combination with 5 uM FER1, 20
UM mitoTEMPO, 20 uM TEMPO for 24 h. n=3 independent replicates (k). Data are presented as mean + SD.
Two-way ANOVA (a-f), Unpaired, two-tailed t test (h, j). ns no significant difference, *P < 0.05, **P < 0.01,

***P < 0.001, ****P < 0.0001. Source data are provided as a Source Data file.
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Supplementary Fig. 3 LDHB acts in parallel with GPX4 to suppress mitochondria-associated ferroptosis.
Quantitative analysis of GPX4 and LDHB expression in HT1080, MSTO-211H, A549, PANC-1 siRNAs cells
by Western blot. (a, b). The colocalization of GPX4 and COX IV was investigated by immunofluorescence in
A549 and MSTO-211H siRNAs cells after 72 hours of transfection (c, scale bar, 20um). Correlation analysis
of mMRNA expression of LDHB and GPX4 in 1739 cancer cell lines and 10967 patient samples with cBioPortal
(d). UMAP plot of single cells from breast cancer, lung adenocarcinoma patients and human pancreas and
analysis of GPX4 and LDHB expression with the Single Cell Expression Atlas (e-g). Immunoblot analysis of
LDHB, GPX4 and ACTIN in A549, HT1080 sgNTC and sgGPX4 cells after 72 h transfection with siRNAs (h).
Analysis of mitochondrial lipid peroxidation and P1 staining in A549 sgNTC, sgDHODH cells after 72 h of
transfection with siRNAs, n=3 independent replicates (i). Immunoblot analysis of LDHB, GPX4, LDHA and
ACTIN in COR-L105 and COR-L105 LDHB ORF cells (j). Cell viability assay of COR-L105 cells and COR-
L105 LDHB ORF cells treated with RSL3 with or without 5 uM FERL1 for 48 h after pretreatment with 5 uM
FER1 for 24h, n=3 independent replicates (k). Tumor volume (), weight (m), representative
immunohistochemistry (IHC) images (n, scale bar, 50um) of A549 shCTRL and shLDHB xenograft tumors
treated with solvent or RLS3, n=4-8 tumors from different mice. H-score analysis of 4HNE and LDHB, n=6-
11 random fields from different tumors (0). Representative IHC images and H-score analysis of A549 (p, q,
scale bar, 50um) and HT1080 (r, s, scale bar, 50um) sgNTC shCTRL, sgNTC shLDHB, sgGPX4 shCTRL,
sgGPX4 shLDHB xenograft tumors. n=10-12 random fields from different tumors. Data are presented as mean
+SD (a, b, i, k, m, 0, g, s) or mean = SEM (I). Two-way ANOVA (I) or Unpaired, two-tailed t test (a, b, i, kK,
0, g, S). ns no significant difference, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. Source data are

provided as a Source Data file.
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Supplementary Fig. 4 LDHB suppresses ferroptosis by regulating the reduction of CoQH2 in
mitochondria. Analysis of mitochondrial lipid peroxidation (a, b), survival fraction (c), relative cell viability
(d) in A549 sgNTC and sgDHODH cells after 72 h of transfection with siRNAs. n=3-6 independent replicates.
Analysis of the expression of LDHB, DHODH or FSP1 in A549 and HT1080 sgNTC, sgDHODH or sgFSP1
cells after 72 h of transfection with siRNAs (e-h). The analysis of relative cell viability in A549 and HT1080
SgNTC, sgFSP1 cells after 72 h of transfection with siRNAs, n=3 independent repeats (including 2 technical
repeats of each independent repeat) (i). Assessment of mitochondrial lipid peroxidation in MSTO-211H cells
after 72 h of transfection with siRNAs treated with DMSO or RSL3 alone or in combination with 500 nM
mitoCoQH2 for 1 h (j). Correlation analysis of LDHB and AIFM2 in cancer cell lines and patient samples using
cBioPortal (k, I). Cell viability in siRNAs cells treated with DMSO or FIN56 (m, n) or RSL3 (0) alone or in
combination with 5 uM FER1 (m, n) or 5 mM 4CBA (o) for 48 h, following pretreatment with 5 uM FER1 (m,
n) or 5 mM 4CBA (o) for 24 h. n=3 independent replicates. CoQ/CoQH2 ratio in HT1080 siRNAs cells (p).
NADH consumption assay (A340 nm) in TBS buffer with or without lactate at different concentrations of
CoQ10 (q), and different LDHB concentration without lactate (r). Cell viability of A549 siRNA transfected
cells treated with DMSO or RSL3 alone or in combination with 100 nM mitoCoQH2 or 100 nM mitoCoQ or
10 uM CoQ10, for 48 h, following pretreatment with vehicle, 100 nM mitoCoQH2 or 100 nM mitoCoQ or 10
UM CoQ10 for 24 h, n=3 independent replicates (s). Measurement of NAD and NADH in A549 cells after 72
hours of transfection with RNAs (t). Transcriptomics-driven metabolic pathway analysis (TDPA) of the RNA
seq data from A549 and H358 siCTRL and siLDHB cells (u). Flow cytometer plot of PI staining in MSTO-
211H transfected cells after treatment with 0.75 uM RSL3 for 6 h (v). Measurement of LDHB protein (w) and
activity (x) in H460 whole and mitochondrial lysate. Immunoblot analysis of LDHB expression in inner and
outer mitochondrial membrane (y). Correlation analyses of LDHB, GPD2, DHODH in cancer cell lines using
cBioPortal (z). Data are presented as mean + SD. Unpaired, two-tailed t test. ns no significant difference, *P <

0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. Source data are provided as a Source Data file.
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Supplementary Fig. 5 Inhibition of LDHB sensitizes tumor cells to radiotherapy by enhancing
mitochondria-associated ferroptosis. Analysis of mitochondrial lipid peroxidation in A549, HT1080, PANC-
1 siRNAs cells after 24 h of 6Gy irradiation with or without 5 uM FER1, 20 uM mitoTEMPO, 500 nM
mitoCoQH2 treatment. n=3 independent replicates (a). Clonogenic survival curve of HOLO and PARA cells
after irradiation with doses from 0 to 6 Gy (b). Immunoblot analysis of LDHB and ACTIN in HOLO and PARA
cells (b). Clonogenic survival curve of siCTRL and siLDHB cells after irradiation with doses from 0 to 6 Gy
(c-m). Images of the clonogenic assay of A549 shCTRL and shLDHB cells irradiated from 0 Gy to 8 Gy (n).
Clonogenic survival curve of A549 and H838 shCTRL and shLDHB cells after irradiation with doses from 0 to
6 Gy (0, p). Cell number of A549 shCTRL and shLDHB cells after exposure to 4 Gy at different time points
(q). Representative IHC images and H-score analysis of 4-HNE and caspase-3 in A549 shCTRL and shLDHB
xenograft tumors after treatment with a single dose of local IR, n=10 random fields from different tumors (r, s,
scale bar, 50um). Schematic representation of the plan for local irradiation of xenografts and orthotopic lung
tumors (t, u). Kaplan-Meier median survival analysis of high and low LDHB groups in patients with lung cancer
who received radiotherapy (v). Data are presented as mean = SD. Unpaired, two-tailed t test. *P < 0.05, **P <

0.01, ***P < 0.001, ****P < 0.0001. Source data are provided as a Source Data file.
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Supplementary Fig. 6 Flow cytometry gating strategy for analyzing lipid peroxidation. Representative

flow cytometry gating strategy for lipid peroxidation analysis.
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