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Supplementary Information

Supplementary Figure Legends

Figure S1. KDMSC is required for ERa-positive breast cancer cell proliferation.

(A) MCFT7 cells were transfected with control siRNA (siCTL) or siRNA specifically against each
individual member in the histone demethylase protein family, both LSD (LSD1 and LSD2) and
JmjC domain-containing protein subfamilies, and then treated with or without estrogen (E») as
indicated followed by cell proliferation assay. Those demethylases required for estrogen-induced
MCEF7 cell growth were indicated by brackets (= SD., *P <0.05, **P <0.01, ***P <0.001).

(B) Kaplan Meier survival analyses for OS (overall survival) of ER-negative breast cancer patients
using KDMS5C as input (n=173).

(C, D) T47D (C) and BT474 (D) cells were transfected with siCTL or siKDMS5C in stripping
medium for three days, and then treated with or without estrogen (E2, 10”7 M) for duration as
indicated followed by cell proliferation assay (+ SD., *P < 0.05, **P <0.01, ***P <0.001).

(E) MCF7 cells were transfected with control siRNA (siCTL) or a second independent siRNA
specific against KDMS5C (siKDMS5C-2) in stripping medium for three days, and then treated with
or without estrogen (Ez, 107 M) for different duration as indicated followed by cell proliferation
assay (= SD, **P < 0.01, ***P <(.001).

(F) MCF7 cells were transfected with siCTL or a second independent siRNA specific against
KDMS5C (siKDMS5C-2) in stripping medium for three days, and then treated with or without
estrogen (E2, 1077 M) for 24 hrs followed by FACS analysis.

(G) MCFT7 cells transfected with siCTL or siKDM5C-2 were subjected to immunoblotting (IB)

using antibodies as indicated.



(H) MCF7 cells were infected with control shRNA (shCTL) or a second independent shRNA
specific against KDMS5C (shKDMS5C-2) lenti-virus for duration as indicated followed by cell
proliferation assay (+ SD, **P < 0.01, ***P < 0.001).

(I) MCF7 cells infected with shCTL or shKDMS5C-2 were subjected to immunoblotting (IB) using
antibodies as indicated.

(J) Wild type (WT) and KDM5C knockdown (KDMS5C (sgRNA-2)) MCF7 cells generated by
CRISPR/Cas9 were subjected to cell proliferation assay (= SD, **P < 0.01).

(K) WT and KDM5C (sgRNA-2) MCF7 cells were subjected to immunoblotting using antibodies
as indicated.

Figure S2. KDMS5C activates estrogen/ERa-target genes.

(A) Correlation of KDMS5C’s effects on estrogen response between two RNA-seq biological
repeats.

(B, C) UCSC Genome browser views of RNA-seq as described in Fig. 2A for two estrogen/ERa-
target genes, PGR (B) and NRIPI (C), were shown.

(E) MCF7 cells were transfected with siCTL or a second independent siKDMS5C (siKDM5C-2) in
stripping medium for three days, and treated with or without estrogen (E2, 107 M, 6 hrs), followed
by RNA extraction and RT-qPCR analysis to examine the expression of selected estrogen-induced
genes as indicated.

(H) MCF7 cells were infected with shCTL or a second independent shAKDMS5C (shKDMS5C-2)
lenti-virus in stripping medium for three days, and treated with or without estrogen (E2, 107 M, 6
hrs), followed by RNA extraction and RT-qPCR analysis to examine the expression of selected

estrogen-induced genes as indicated.



(K) WT and KDM5C (sgRNA-2) MCF7 cells were maintained in stripping medium for three days,
and treated with or without estrogen (E2, 107 M, 6 hrs), followed by RNA extraction and RT-qPCR
analysis to examine the expression of selected estrogen-induced genes as indicated.

(M, O) T47D (M) and BT474 (O) cells were transfected with siCTL or siKDMS5C in stripping
medium for three days, and treated with or without estrogen (E2, 107 M, 6 hrs), followed by RNA
extraction and RT-qPCR analysis to examine the expression of selected estrogen-induced genes as
indicated.

(D, F, G, LJ, L, N, P) Corresponding values for heat map shown in Fig. 2F (D), Fig. S2E (F), Fig.
2G (G), Fig. S2H (1), Fig. 2H (J), Fig. S2K (L), Fig. S2M (N) and Fig. S20 (P). Significance test
shown on the very right was performed for the difference between siCTL (E2) and siKDMS5C (E»),
shKDMS5C (Ez) or KDMS5C (sgRNA) samples (= SD, n.s: no significance, *P < 0.05, **P < 0.01,
**%p <0.001).

Figure S3. KDMS5C represses type I IFNs and ISGs expression.

(A) Correlation of KDMS5C'’s effects on gene expression between two RNA-seq biological repeats.
(E) MCF7 cells were transfected with siCTL or a second independent siKDMS5C (siKDMS5C-2)
for three days, followed by RNA extraction and RT-qPCR analysis to examine the expression of
selected type I IFNs and ISGs as indicated.

(G) MCF7 cells were infected with shCTL or a second independent shAKDMS5C (shKDMS5C-2)
lenti-virus for three days, followed by RNA extraction and RT-qPCR analysis to examine the
expression of selected type I IFNs and ISGs as indicated.

(D Wild type (WT) and KDMS5C knockdown (KDMS5C (sgRNA)) MCF7 cells were subjected to
RNA extraction and RT-qPCR analysis to examine the expression of selected type I [FNs and ISGs

as indicated.



(K, M) T47D (K) and BT474 (M) cells were transfected with siCTL or siKDMS5C for three days,
followed by RNA extraction and RT-qPCR analysis to examine the expression of selected type I
IFNs and ISGs as indicated.

(B, C,D, F, H, J, L, N) Corresponding values for heat map shown in Fig. 3F (B), 3G (C), 3H (D),
S3E (F), S3G (H), S31(J), S3L (K) and Fig. S3N (M) (= SD, *P <0.05, **P <0.01, ***P <0.001).
Figure S4. KDMS5C is recruited to ERa-bound active enhancers upon estrogen stimulation.

(A) ChIP-seq tag distribution, including ERa,, H3K4mel, H3K4me2, H3K4me3, H3K27Ac, P300,
H3K9me3 and H3K27me3, centered on all of its own sites (left panels) or estrogen-induced
KDM5C sites (right panels) ( 3,000 bp).

(B, C) UCSC Genome browser views of KDM5C, ERa, H3K4mel, H3K4me2, H3K4me3,
H3K27Ac, P300, H3K9me3 and H3K27me3 ChIP-seq in the presence and absence of estrogen on
selected active enhancer regions in the vicinity of estrogen-induced target genes, SIAH2 (B) and
P2RY2 (C). Boxed regions indicated active enhancers.

Figure S5. The sequence of recruitment of ERa, ZMYNDS8, KDMSC and P300 onto ERa-
bound active enhancers.

(A) MCFT7 cells were subjected to cellular fractionation. Both nuclear and cytosolic fractions were
subjected to immunoblotting (IB) analysis using antibodies as indicated. PARP1 and HSP60 were
served as purity control for nuclear and cytosolic fractions, respectively.

(B) MCF7 cells transfected with siCTL or siZMYNDS were treated with estrogen (E, 107 M, 1
hr) followed by ChIP with anti-KDMS5C specific antibody. KDMS5C binding was examined on
enhancer (E) regions nearby estrogen-target genes as indicated. Data presented was fold change of

ChIP signals over siCTL after normalized to input (= SD, **P < 0.01, ***P <0.001).



(D) MCF7 cells were treated with or without fulvestrant (ICI 182,780, ICI, 100 nM, 12 hrs) before
adding estrogen (E2, 107 M, 1 hr) followed by ChIP with anti-ZMYNDS specific antibody.
ZMYNDS binding was examined on enhancer (E) regions nearby estrogen-target genes as
indicated. Data presented was fold change of ChIP signals over siCTL after normalized to input
(= SD, **P <0.01, ***P <0.001).

(F) MCF7 cells were subjected to immunoprecipitation (IP) with anti-P300 antibody followed by
immunoblotting (IB) analysis as indicated.

(G) MCF7 cells transfected with siCTL or siZMYNDS were treated with estrogen (Ez, 107 M, 1
hr) followed by ChIP with anti-P300 specific antibody. P300 binding was examined on enhancer
(E) regions nearby estrogen-target genes as indicated. Data presented was fold change of ChIP
signals over siCTL after normalized to input (= SD, **P <0.01, ***P <0.001).

(I) MCF7 cells transfected with siCTL or siKDM5C were treated with estrogen (E2, 10”7 M, 1 hr)
followed by ChIP with anti-P300 specific antibody. P300 binding was examined on enhancer (E)
regions nearby estrogen-target genes as indicated. Data presented was fold change of ChIP signals
over siCTL after normalized to input (= SD, **P <0.01, ***P <0.001).

(C, E, H, J) Corresponding values for heat map shown in Fig. S5B (C), Fig. S5D (E), Fig. S5G (H)
and Fig. S5I (J) (= SD, **P <0.01, ***P <0.001).

Figure S6. ZMYNDS is involved in KDMS5C-activated estrogen gene expression.

(A, B) Heat map (A) and box plot (B) representation of the expression (FPKM, log2) for genes
induced by estrogen (E2) and dependent on both KDMS5C and ZMYNDS as described in Fig. 5L.
(C, F, I, K, M) Corresponding values for heat map shown in Fig. 5SM (C), Fig. S6E (F), Fig. S6H
(D, Fig. S6J (K) and Fig. S6L (M) ( SD, ns indicates no significance, *P <0.05, **P <0.01, ***P

<0.001).



(D) MCF7 cells transfected with siCTL or siZYMNDS8 were subjected to immunoblotting (IB)
analysis. GAPDH was served as a loading control.

(E) MCF7 cells transfected with control siRNA (siCTL) or a second independent siRNA targeting
ZMYNDS (siZYMNDS8-2) were treated with or without estrogen (E2, 107 M, 6 hrs) followed by
RNA extraction and RT-qPCR analysis to examine the expression of selected estrogen-target
genes as indicated.

(G) MCF7 cells transfected with siCTL or a second independent siRNA targeting ZMYNDS
(siZYMND8-2) were subjected to immunoblotting (IB) analysis. GAPDH was served as a loading
control.

(H, J) T47D (H) and BT474 (J) cells were transfected with siCTL or siZMYNDS in stripping
medium for three days, and then treated with or without estrogen (Ez, 107 M, 6 hrs) followed by
RNA extraction and RT-qPCR analysis to examine the expression of selected estrogen-target
genes as indicated.

(L) MCF7 cells were transfected with siCTL, siKDMS5C and siZMYNDS alone or in combination
in stripping medium for three days, and then treated with or without estrogen (E, 107 M, 6 hrs)
followed by RNA extraction and RT-qPCR analysis to examine the expression of selected
estrogen-target genes as indicated.

Figure S7. ZMYNDS is involved in KDMS5C-repressed type I IFNs and ISGs expression.

(A, B) Heat map (A) and box plot (B) representation of the expression (FPKM, log2) for genes
commonly-repressed by both KDMS5C and ZMYNDS as described in Fig. SN.

(C, E, G) Corresponding values for heat map shown in Fig. 50 (C), Fig. S7D (E) and Fig. S7F (G)

(£ SD, *P < 0.05, **P < 0.01, ***P < 0.001).



(D) MCF7 cells were infected with siCTL or a second independent siZMYNDS (siZMYNDS-2)
for three days, followed by RNA extraction and RT-qPCR analysis to examine the expression of
selected type I IFNs and ISGs as indicated.

(F) T47D cells were transfected with siCTL or siZMYNDS for three days, followed by RNA
extraction and RT-qPCR analysis to examine the expression of selected type I IFNs and ISGs as
indicated.

Figure S8. ZMYNDS is required for the growth of ERa-positive breast cancer.

(A) MCFT7 cells were transfected with siCTL or a second independent siZYMNDS (siZYMNDS-
2) in stripping medium for three days, and then treated with or without estrogen (E2, 10”7 M) for
different duration as indicated followed by cell proliferation assay (£ SD, ***P < 0.001).

(B, C) T47D (B) and BT474 (C) cells were transfected with siCTL or siZYMNDS in stripping
medium for three days, and then treated with or without estrogen (E2, 10”7 M) for different duration
as indicated followed by cell proliferation assay (= SD, *P < 0.05, **P <0.01, ***P <0.001).
Figure S9. KDMSC activates ERa-target genes in an enzymatic-independent manner.

(A) Corresponding values (+ SD) for heat map shown in Fig. 6A.

(B) MCF7 cells were transfected with control siRNA (siCTL) or siRNA specific against KDM5C
(siKDMS5C) in stripping medium for three days, and treated with or without estrogen (Ez, 107" M,
1 hr) followed by H3K4me3 ChIP analysis. The occupancy of H3K4me3 was examined for
selected active enhancer regions in the vicinity of estrogen-induced genes as indicated.

(C) Corresponding values (= SD) for heat map shown in (B).

(D) ChIP samples as described in (B) was used to examine the occupancy of H3K4me3 on TFF1

promoter region (+ SD, **P <0.01, ***P <0.001).



(E) Cells as described in (B) were subjected to immunoblotting (IB) analysis to examine the levels
of H3K4me3 and histone H3.

(F) Corresponding values (+ SD) for heat map shown in Fig. 6B.

(G) MCF7 cells were transfected with siCTL or siKDMS5C in the presence or absence of control
vector, KDMS5C (WT)-R or KDMS5C (H514A)-R in stripping medium for three days, and then
treated with or without estrogen (E, 10”7 M, 6 hrs) followed by RNA extraction and RT-qPCR
analysis to examine the expression of selected estrogen-target genes as indicated. R, siRNA-
resistant.

(H) Corresponding values (+ SD) for heat map shown in (G) (= SD, ns, non-significant, *P < (.05,
**P <0.01, ***P <0.001).

(D) In vitro demethylation assay was performed by mixing H3K4me3 peptide (mass to charge
(M/Z): 2260) with in vitro purified KDMS5C in the presence or absence of ERa followed by
MALDI-TOF MS analysis. H3K4me3 peptide (M/Z: 2260) as well as its demethylated products,
H3K4me2 (M/Z: 2246) and H3K4mel (M/Z: 2232), were shown.

Figure S10. KDMS5C interacts with TBK1 to inhibit its phosphorylation and the expression
of type I IFNs and ISGs.

(A) MCF7 cells were infected with lenti-viral vectors expressing Flag-tagged KDMS5C followed
by immunofluorescence analysis. Red, Flag-tagged proteins; Blue, DAPI.

(B) In vitro phosphorylation assay was performed by mixing in vitro purified Flag-tagged TBK1
and GST proteins, followed by immunoblotting (IB) analysis with antibodies as indicated. p-TBK1:
anti-TBK1 phosphorylated at serine 172 antibody.

(C) Corresponding values (= SD) for heat map shown in Fig. 8K.



Figure S11. Simultaneously blocking estrogen/ERa-target gene expression by
ERa antagonist and Type I IFNs and ISGs expression by KDMS inhibitor is effective in
suppressing ERa-positive breast cancer cell growth.

(A, B) T47D (A) or BT474 (B) cells cultured in the presence of estrogen (Ez, 10”7 M) were treated
with or without fulvestrant (ICI, 0.1 uM for T47D, 1 uM for BT474), C70 (5 uM) or C48 (10 uM)
alone or in combination for duration as indicated followed by cell proliferation assay.

Figure S12. A proposed model of KDMSC function in gene transcriptional regulation in
ERoa-positive breast cancer cells.

KDMS5C activates estrogen/ERa-target genes and represses type I IFNs and ISGs via distinct
mechanisms, with KDMS5C binds to ERa-bound active enhancers and activates estrogen/ERa-
target genes directly in an enzymatic-independent manner, while represses type I IFNs and ISGs
indirectly in an enzymatic-dependent manner through inhibiting TBKI1 phosphorylation.
KDMS5C’s dual activities in gene transcriptional regulation together promote breast cancer cell
growth and tumorigenesis.

Supplementary Table Legend

Table S1. Proteins associated with KDMSC in both cytosol and nucleus identified by mass
spectrometry.

Table S2. Sequence information for all qPCR primers used in the current study. Sequence
information of qPCR primers designed to detect gene expression (mMRNA) or factor binding on
chromatin (ChIP) were shown. F: forward; R: reverse.

Table S3. Antibodies used in the current study. Vendor, catalog number and applications of

antibodies used in this study were shown. IB: immunoblotting; IP: immunoprecipitation; ChIP-



seq: chromatin immunoprecipitation coupled with high throughput sequencing; IHC:

Immunohistochemistry.
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