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Supplementary Materials and Methods
Cell culture

Human CRC cell lines (HCT-116, LoVo and RKO) and HEK293T cells
were purchased from the American Type Culture Collection (ATCC,
USA). Cell lines were authenticated by STR profiling and confirmed to
be mycoplasma-free. HCT-116 cells were cultured in McCoy’s SA
medium, Lovo cells were cultured in Ham’s F-12K medium, RKO cells
were cultured in RPMI-1640 medium and HEK?293T cells were cultured
in DMEM medium at 37<C in 95% air and 5% CO,. All media were
supplemented with 10% foetal bovine serum, 100 U/ml penicillin and 100
U/ml streptomycin. 10 uM 5-Aza-2'-deoxycytidine (Sigma-Aldrich, MO,
USA) was used to inhibit DNA methylation in CRC cells for indicated
days. For hypoxia induction, cells were incubated in a hypoxic chamber
with a gas mixture of 94% N2/5% CO,/1% O,. The cells were incubated

for 24h under hypoxic conditions.
Cell wound healing assay

RKO cells were seeded in 12-well plates and were cultured until they
were 100% confluent. A scratch was created by scratching cell
monolayers with a sterile 200 pl plastic pipette tip. Cells were then
incubated with or without CoCl; for 12 h. Images were captured by phase

contrast microscopy.
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Migration and invasion assays

Migration and invasion assays were performed using a 24-well transwell
chamber (Corning, NY, USA). Briefly, CRC cells (5x10* in 200 nl
serum-free medium) were seeded into the upper chamber. The lower
chamber was filled with medium containing 10% foetal bovine serum for
24 h with or without exposure to hypoxic conditions. Cells on the upper
membrane surface were wiped off using a cotton swab. Migrated cells
attached to the lower membrane surface were fixed with methanol and
stained with crystal violet. For invasion assays, the upper chamber was

precoated with Matrigel.

Fluorescence in situ hybridization

CRC cells were seeded on sterile glass coverslips and incubated with
CoCl; for 24h. Then, the cells were fixed with 4% PFA for 10 min.
Probes designed for ChIRP were used to detect SNHG11 and were
incubated with cells for 1 h at 37<C. After brief washing with
saline-sodium citrate, cells were incubated with an anti-HIF-1a antibody
(Proteintech, IL, USA). After secondary antibody incubation, tyramide
signal amplification (Thermo Fisher Scientific, IL, USA) and DAPI
staining, images were captured by confocal microscopy (Leica,

Germany).

Co-immunoprecipitation
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Cells grown in dishes were exposed to hypoxic conditions for 24 h and
then were treated with MG-132 (Selleck, Shanghai, China) for 12 h
before being lysed in IP lysis buffer (25 mM Tris-HCI pH 7.4, 150 mM
NaCl, 1 mM EDTA, 1% NP-40 and 5% glycerol) supplemented with
RNase and proteinase inhibitors. Anti-lgG and anti-HIF-1o were
incubated with Protein A/G magnetic beads (Bimake, Shanghai, China) at
room temperature for 30 min. Equal volumes of cell lysate supernatant
were added to anti-lgG or the indicated antibody-labelled beads and
incubated overnight at 4<C. The next day, beads were washed five times

with NT2 buffer and then were boiled in SDS loading buffer.
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Supplementary Fig 1. DNA Methylation of SNHG11. (A) CpG site methylation of 20 INcCRNAs
in TCGA COAD. (B) Distribution of IncRNAs in subcellular localization and expression level of
IncRNA in the HelLa nuclear localization. (C) DNA methylation across SNHG11 locus from
TCGA-COAD. Platform: Illumina Human Methylation 450. n=39 normal tissues and 294 CRC
tissues in COAD, two-tailed Student’s t-test. (D) DNA methylation across SNHG11 loci in CRC
cells were obtained from CCLE database.
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Supplementary Fig 2. Characteristic features of SNHG11. (A and B) 5’ and 3’ RACE assays of
SNHG11. (C) Nuclear/cytoplasmic RNA fractionation analysis of the location of SNHG11 in
HCT-116 cells. n=3 independent experiments, two-tailed Student’s t-test. (D) Confocal
microscopic images of SNHG11 in HCT-116 cells treated with hypoxia. (E) Coding Potential
Assessment Tool (CPAT, http://lilab.research.bcm.edu/cpat/) and PhyloCSF to estimate the coding
probability of SNHG11. * p < 0.05, ** p < 0.01, and *** p < 0.001.
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Supplementary Fig 3. SNHG11 facilitates the wound healing ability of CoCl,-treated CRC
cells. (A) Overexpression and knockdown efficiency of SNHG11 in CRC cells. n=3 independent
experiments, two-tailed Student’s t-test. (B and C) Wound healing assays of CRC cells with
indicated treatment. * p < 0.05, ** p < 0.01, and *** p < 0.001.
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Supplementary Fig 4. Motif analysis of ChIRP-seq of SNHG11 by EVEN probes. ChIRP-seq
experiment were conducted in hypoxia-treated HCT-116 cells. HOMER findmotifsgenome
program was used to find motifs.
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Homer de novo Motif Results of ODD probes
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o | AT l A 1e-10 |-2439e+01 [0.28% 0.01% sunp(15‘5bp)fﬁ:?m‘fﬁif&:\ﬂ“;ﬁﬁgfﬁ?mme . motif file (matrix)
15+ CCC IT CAC 1610 |-2439¢+01 [n.28% 0.01% s0gbp (61.26p) ) E/TrE- IZET‘stl?“ﬁ“,‘PMS”‘GSEQ%BQ)’H°"“"(°691) motif file (matrix)
F@CA’AA*QIAI 1610 |-2.364e+01 [1.15% 0.29% 59.3bp (61.16p) mﬁs(mLﬁgG:"“;‘“ﬂy’ﬁf; ChiP-Seq(GSE24852)/ Homer(0.610) motif file (matrix)
17 TATTACI 2 _I 1e-10 |-2.344e+01 |0.21% 0.00% 73.9bp (43.0bp) PBm95'1[be‘b.gfzf’an.a’wﬁz} motif file (matrix)
15+ AIA CIA ACC 1e-10 |-2.344e+01 [0.21% 0.00% 4E‘Bbp(22‘8bp)mﬂm.§p?'m'me? motif file (matrix)
)
19+ 1-[ 1e-10 |-2.339e+01 |0.24% 0.00% 57.1bp (5.4bp) a?:ﬁntz‘:::t?::Tgﬁﬂﬁ&ﬁ;fgr;?mSRPOMEQZ)IHGMH{WSDJ motif file (matrix)
i CI ,.EAQCAC:( le8 |1967e+01 [1217%  [8.91% 53.8bp (60.05p) :Aafrl\g‘sn':‘]—rz:;ﬁ;hnf‘agfi‘l’jr’[&Sfi?ime J moti file (matrix)
21+ C AIACA T 1e-8  |-1.933e+01 |0.21% 0.01% 57.4bp (33.7bp) ;B:gg‘w&zn?::%;f’;xﬁ:ﬁj:ﬁk Found motif file (matrix)
22+ CT A TOT 1e-8  |-1.885e+01 |017% 0.00% 56.2bp (10.6bp) EAB:;p}&f;;f;ﬁﬁ@?;%iﬁiﬂ?;;Fnun q motif file (matrix)
23+ CT CTCC "ICC 1e-7  |-1.783e+01 |0.28% 0.02% 58.8bp (56.8bp) :/I%';g“i"g;":’iz;ﬁa;f:ﬁﬁgt)mFnund motif file (matrix)
24+ QAIEQA AAQI 1e-7  |-1.781e+01 |0.94% 0.26% 524bp (54.1bp) Difﬂm'al.ﬁYéﬁﬁﬂiﬁ«lFnun " motif file (matrix)
25 QTACCA TCQAC 1e-7  |-1.831e+01 [031% 0.03% 49.6bp (55.20p) m”rﬂm};ﬁzﬂf;ﬂ”ﬁ;;ﬁ:ﬁm‘&fﬁ’un . motif file (matrix)
26 < A ACCCCACA le-6  |-1.591e+01 [0.24% 0.01% 57.4bp (46.20p) :llafr‘f‘f:"ﬂ—f:aﬁﬂj‘a;f:ﬁﬁ-:}I;imme . motif file (matrix)
I’QT Ac o6 |-1.561e+01 [19.19%  [1562% 55.9bp (61.95p) fANFr“‘:sz?n’ﬂ'*Ei"zngf'smﬁ’naaFi:'f""’n'se“(““w‘”Hme"o"e‘” motif file (matrix)
166 |-1.543e+01 [0.17% 0.01% 34.4bp (21.9bp) :ABOFZ"‘%"—rzn:psimn—‘z’;i"r‘:;a:‘&soi‘?F N motif file (matrix)
QAA 166 |-1.48%+01 [0.24% 0.02% 48.8bp (52.9bp) BC”‘E(Z["’HSPF'B‘CL.W‘.‘"'C””".S[eq(ﬁsm°4575)/H°"‘9’(°'677) motif file (matrix)
50+ ) $§ AA CCCAWe—s -1486e+01 |0.50% 0.28% 43.5bp (57.3bp) PO"DOE‘[WfDCETSfV‘Ja.SF?'(O'ESO.) motif file {matrix)
31 QA { 7$A 1e-6  |-1457e+01 [2.99% 1.68% 52‘4hp(ss‘nhp)H‘FZE“’H["HJ”.asf‘O'.H'fza'cr‘".’['se“(GSEs‘m'”"'H"me’mﬁm motif file (matrix)
32+ TIT .ITACC (AT [es [1.443e001 o103 0.00% 50.0bp (67.95p) PBm””[f“”.zfz"’”.s".ﬁ’m‘am? motif file (matrix)
33 CAATAAAC TGCT hes |aseror forax 0.00% 50.00p (0.0bp) SOMS"M[ AHZ."""‘“?P&.'(O‘“”. motif file (matrix)
34+ CA A CCATA Tes  |-1.399e+01 [0.21% 0.01% 52.0bp (50.70p) a’f}"r‘jﬁ?g’gﬁ;:ﬁgﬁxﬁfﬁ'gﬁfﬁﬁi‘35””“"“““'655’ motif file (matrix)
35+ TTTCC AA 1e-5  |-1.208e+01 |0.21% 0.02% 52.9bp (31.9bp) EAB:;‘%:afnr:;ﬁéfTg;:gffﬁmm Found motif file (matrix)
-
36+ pI@ 1e-5  |-1.197e+01 [9.11% 6.94% 55.7bp (58.6bp) af;’m;ﬁ:{iyﬁsgi::(i&fmm Found motif file (matrix)
27+ CN\ A 1e-d  |-1.039e+01 |1.18% 0.54% 61.7bp (62.3bp) mﬁfﬁéﬁggﬁﬁﬁ;ﬁﬂ;figﬁf55593”“”‘”‘0'774’ motif file (atrix)
28+ TATAACACTC e-d  |-1.024e+01 |0.10% 0.00% 32.0bp (15.6bp) &?rl%i}&ﬁ?ﬁ.ﬁ’\%ﬁﬁiﬁ;15.2 found motif file (atrix)
39+ CTC CACTATCT e |-1.0246+01 [0.10% 0.00% 47.4bp (0.0bp) LRDF’“‘L('Z%HG:‘*'“PFDSM"cmp'isf‘i‘c'snm477)””""’5'{"-655) motif file (matrix)
40 Ac _éécu‘; le-4  |-9.8446+00 [0.70% 0.25% 53.0bp (52.80p) :450:iy:—fmmﬁ"kf"ﬁfﬂsﬁfﬂ?f?F N motif file (matrix)
41+ A IAQC 1e-3 |-B.0S06+00 [40.06%  |45.87% 55 4bp (59.66p) Pamf’z"[—N"”.'Lf”.“ipa’(”"qm motif file (matrix)
42 - 9“ Q(A; 162 |64136+00 1971%  [17.58% 5a‘snp:ez‘nnp)ZNF”1([ZU’SH.SV5“".Z'“EF7”'C'.‘['p'S“(GSEmn’/HWE’“"M’ motif file (matrix)
43 - gc 162 | 56476400 [1540%  [13.64% 57.1bp (54.20p) T 1 /MAQD56.1/laspar(0.755) motif file (matrix)
ME A More Information | Simi
a4 A k_CT -4.990e+00 [0.07% 0.01% 54‘ohp:Ga‘sbp:ZBTEWZ(ZFJ/HE.KZQ‘E'?ETMZ'GF.P['Ch'P'S“(GSH“‘”V Homer(0.658) |- o1if file (matrix)
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Supplementary Fig 5. Motif analysis of ChIRP-seq of SNHG11 by ODD probes. ChIRP-seq
experiment were conducted in hypoxia-treated HCT-116 cells. HOMER findmotifsgenome
program was used to find motifs.
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Supplementary Fig 6. SNHG11 interacts with HIF-1a in CRC cells. (A) SNHG11 correlated
genes (R>0.3 or R<-0.3) in COAD enrich HIF-1 pathway. (B) GSEA analysis by correlations of
genes with SNHG11 in TCGA-COAD. (C) Co-localization of SNHG11 and HIF-1a in CRC cells
treated with hypoxia. (D) Overexpression efficiency of fragment-C-deleted SNHG11 in CRC cells.
n=3 independent experiments, two-tailed Student’s t-test. (E) Cell migration and invasion
assays of CRC cells overexpressing fragment-C-deleted SNHG11 under hypoxia. (F and G)
Deletion mapping to identify the HIF-lo binding domain. Western blotting to detect the
immunoprecipitation efficiency of Flag-tagged full length or truncated HIF-1a in RIP assay. * p <
0.05, ** p < 0.01, and *** p < 0.001.
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Supplementary Fig 7. SNHG11 stabilizes HIF-1e. in CRC cells. (A) Overexpression and
knockdown efficiency of SNHG11 in RKO cells. n=3 independent experiments, two-tailed
Student’s t-test. (B) Knockdown efficiency of SNHG11 in CRC cells transfected with sSiSNHG11.
n=3 independent experiments, two-tailed Student’s t-test. (C) Expression of HIF-1a in CRC cells
under hypoxia with indicated treatments. (D) Expression of SNHG11 and HIF-1a was analysed by
gPCR in control and SNHG11 overexpressing CRC cells treated with hypoxia. (E) The HIF-1a
and VHL expression level was analysed by western blotting in CRC cells overexpressing SNHG11
and exposed to hypoxia. (F) Relative expression level of HIF-1a related to Figure 4F was
measured by integrated density value using ImageJ and normalized by the time point 0 min. * p <
0.05, ** p < 0.01, and *** p < 0.001.
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Supplementary Fig 8. Downstream targets of SNHG11/HIF-1a are involved in migration and
invasion of CRC cells under hypoxia. (A) knockdown efficiency of SNHG11 in CRC cells
treated with hypoxia. n=3 independent experiments, two-tailed Student’s t-test. (B) Cell
migration and invasion assays of hypoxia-treated HCT-116 and LoVo cells transfected
with siNC or indicated SiRNAS. * p < 0.05, ** p < 0.01, and *** p < 0.001.
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Supplementary Tables

Supplementary Table 1. Association between SNHG11 expression

and clinicopathological variables of the studied CRC patients

Clinical Variables Low SNHG11 High SNHG11 Total Unknown P
Case (%) Case No. | (%) No. No.
No.

Age 78 0 0.233
<60 23 46.0 9 321
>60 27 54.0 19 67.9

Gender
Male 37 74.0 18 64.3 78 0 0.367
Female 13 26.0 10 35.7

Tumor Volume
<S5cm 32 64.0 20 714 78 0 0.504
>5¢cm 18 36.0 8 28.6

Cancer Embolus
Absent 36 72.0 15 53.6 78 0 0.101
Present 14 28.0 13 46.4

Histologic Grade
G1/G2 17 37.0 10 38.5 72 6 0.899
G3 29 63.0 16 61.5

Metastasis
Negative 30 60.0 7 40.0 78 0 0.003
Positive 20 40.0 21 75.0

Relapse Metastasis
Negative 35 70.0 9 32.1 78 0 0.001
Positive 15 30.0 19 67.9

The bold P values are considered statistically significant

18



Xu, et al. SNHG11/HIF-1a axis in tumor metastasis

Supplementary Table 2. Sequences of primers for RNA pull down

experiments

Identifier Sequences (5'-3")
SHNG11-T7-F GATCACTAATACGACTCACTATAGGGAGAGAGCGTCTTGTGGCTG
SHNG11-R GTTTCAAGATTTATTGAGTGGG
SNHG11-F GAGAGAGCGTCTTGTGGCTG
SNHG11-T7-R | GATCACTAATACGACTCACTATAGGGTTTCAAGATTTATTGAGTGGG
SHNG11-FL-F GATCACTAATACGACTCACTATAGGGAGAGAGCGTCTTGTGGCTG

SNHG11-301-R
SNHG11-301-F
SNHG11-601-R
SNHG11-601-F
SHNG11-FL-R

AGGCCCGCCAGTCTCTTTCC
GATCACTAATACGACTCACTATAGGGGAAAGAGACTGGCGGGCCT
GGTCATTGTCCTGAGAGGCT
GATCACTAATACGACTCACTATAGGAGCCTCTCAGGACAATGACC
GTTTCAAGATTTATTGAGTGGG
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Supplementary Table 3. Sequences of ChIRP probes

Identifier Sequences (5'-3")
ODD-1 TCATTGACTCATCCGGAGCG
EVEN-1 GAGGACACGCGAAACCCGAG
ODD-2 AACCAGCAAAGCCATCCAAG
EVEN-2 TCTGCACACAGTGGACTATC
ODD-3 TTTCCTCTAACAGTTTCCAG
EVEN-3 CCCCAAACAATCATGAGGAG
ODD-4 TTGTGCTGAGACAATAGGGG
EVEN-4 CTTCAACTCTGGATCCCAAG
ODD-5 CCTGGCCTAGATGGAAGAAA
EVEN-5 AGTGGGTGAGAGGACAATGG
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Supplementary Table 5. Sequences of qPCR primers to detect RNA

expression
Identifier Forward Primer Reverse Primer

B-actin TTGTTACAGGAAGTCCCTTGCC  ATGCTATCACCTCCCCTGTGTG

SNHG11 TGGAAACTGTTAGAGGAAAC CTCTTGGTCTGTGATCAACC

HIF-1o CTCGGCGAAGTAAAGAATCT TGCTTTCATGTCATCTTCAA
u2 ATCGCTTCTCGGCCTTTTGG AGGTCGATGCGTGGAGTGGA

AK4 TCGCCCAGAACTTTGGTCTC TCTCACCAACTTCGGTGCTG
ENO1 GGGGAAGGGTGTCTCAAAGG AGTTTCTTGCTAACCAGGGCA

HK2 CATCCAGAGGAGAGGGGACT TCATCGCCTTCCACCATGTC
TWIST1 TCTCGGTCTGGAGGATGGAG AATGACATCTAGGTCTCCGGC
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Supplementary Table 6. Sequences of primers in RACE

Identifier

Sequences (5'-3")

SNHG11_GSP2ex
SNHG11_GSPlex
SNHG11_GSP2
SNHG11_GSP1

GCAGCACCCTGATCTGCACTCCCTGAG
GGAGCTGGGACCCCAGGTCATTGTC
ACTCCCTGAGGGGCTCCCACTGTCC

GCCTGCACCTCTTGGGGTTTCCTCT

22



Xu, et al. SNHG11/HIF-1a axis in tumor metastasis

Supplementary Table 7. Sequences of SIRNAs used in this study

Identifier Sequences (5'-3")
SiHIF-1a-1 GAAGGAACCUGAUGCUUUA
SiHIF-1a-2 CUGAUGACCAGCAACUUGA
SiHIF-1a-3 CAAUCAAGAAGUUGCAUUA

SiSNHG11-1 GGAGTGGTCTTCCCAAGAA
SiSNHG11-2 CCTCTCACCCACTCAATAA
SiAK4 GGACTTCAATCCACCTCAT
SiENO1 GGGTGTCTCAAAGGCTGTT
SiHK2 GGAGATGGAGAAAGGGCTT
siTwistl GCAAGATTCAGACCCTCAA
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Supplementary Table 8. Sequences of primers used in this study

Identifier Sequences (5'-3%)
SNHG11_F AAGCAGTGGTATCAACGCAG
SNHG11 R GTTTCAAGATTTATTGAGTGGG
SNHG11-MS2-F CACCGCGGGATCCGCTCTGAGAGAGCGTCTTGTGGCTG
SNHG11-MS2-R CCGGTACCCCACTAGTCTCTGTTTCAAGATTTATTGAGTGGG
HIF-1a-FL-F TGACGATGACAAGGAATTCATGGAGGGCGCCGGCGGC
HIF-1a-FL-R GCTCGAGCCCGGGGGATCCTCAGTTAACTTGATCCAAAGC
HIF-1a-A-F TGACGATGACAAGGAATTCATGGAGGGCGCCGGCGGC
HIF-1a-A-R GCTCGAGCCCGGGGGATCCTCACAAGTCGTGCTGAATAATAC
HIF-1a-B-F TGACGATGACAAGGAATTCGTCACCACAGGACAGTACAG
HIF-10-B-R GCTCGAGCCCGGGGGATCCTCAGGTGGCAGTGGTAGTGGTGG
HIF-1a-C-F TGACGATGACAAGGAATTCGAGATGTTAGCTCCCTATATCC
HIF-10-C-R GCTCGAGCCCGGGGGATCCTCAGTTAACTTGATCCAAAGCTCTG
HIF-1a-D-F TGACGATGACAAGGAATTCGTCACCACAGGACAGTACAG
HIF-1a-D-R GCTCGAGCCCGGGGGATCCTCAACTAGGTGTCTGATCCTGAA
HIF-1a-E-F TGACGATGACAAGGAATTCAGTCCTTCCGATGGAAGCAC
HIF-1a-E-R GCTCGAGCCCGGGGGATCCTCATGTAACTGTGCTTTGAGGAC
HIF-1a-DMut-F1 TGACGATGACAAGGAATTCATGGAGGGCGCCGGCGGCGC
HIF-1a-DMut-R1 GTAATTTTTCATTCACACATACAATGC
HIF-1a-DMut-F2 ATGTGTGAATGAAAAATTACAGAATAT
HIF-1a-DMut-R2 GCTCGAGCCCGGGGGATCCTCAGTTAACTTGATCCAAAGC
shSNHG11-1-F | CACCGAGGAGTGGTCTTCCCAAGAATCAAGTTCTTGGGAAGACCACTCCTCTTTTTT
SshSNHG11-1-R | AAACAAAAAAGAGGAGTGGTCTTCCCAAGAACTTGATTCTTGGGAAGACCACTCCTC
shSNHG11-2-F CACCGCAGATGACAGCTCTCCCTTTCAAGAAGGGAGAGCTGTCATCTGCTTTTTT
shSNHG11-2-R AAACAAAAAAGCAGATGACAGCTCTCCCTTCTTGAAAGGGAGAGCTGTCATCTGC
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Supplementary Table 9. Antibodies used in this study

Identifier Catalog Number Company

GAPDH 60004-1-1g Proteintech

alpha Tubulin 66031-1-1g Proteintech

VHL 16538-1-AP Proteintech

HIF1A 14179 Cell Signaling

FLAG M2 F1804 Sigma

B-actin 60008-1-1g Proteintech

PHD1 12984-1-AP Proteintech

PHD2 20368-1-AP Proteintech

PHD3 18325-1-AP Proteintech

LAMIN A/C 10298-1-AP Proteintech

UBIQUITIN 10201-2-AP Proteintech

Goat anti-Mouse IgG (H+L), HRP conjugate SA00001-1 Proteintech

Goat anti-Rabbit 19G (H+L), HRP conjugate SA00001-2 Proteintech
VeriBlot for IP secondary antibody ab131366 Abcam
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