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Abstract

AIM: To compare the difference in gene
expression profiles in human colorectal cancer cell
line DLD1 before and after FOXQ1 knockdown
using the microarray technology.

METHODS: RNA was extracted from DLD1
cells and then hybridized with the probes on
Whole Human Genome Oligo Microarray (4
x 44 K, Agilent Technologies) and miRCURY
LNA Array (v.18.0, Agilent Technologies).
Multiple target genes were then analyzed
with Genespring and Genepix software.
Quantitative real-time PCR was applied for the
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RESULTS: After FOXQ1 knockdown, of 41093
tested genes, 255 were up-regulated and 176 down-
regulated. This result was partially validated by
gRT-PCR. After FOXQ1 knockdown, of 2075
tested microRNAs, 31 were up-regulated and 12
down-regulated.

CONCLUSION: The whole genome microarray
provides clues and evidence for the function of
FOXQ1 in the development and progression of
colorectal cancer.

© 2016 Baishideng Publishing Group Inc. All rights
reserved.

Key Words: FOXQ1; Oncogene; Microarrary; MicroRNA
chip
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Microarray(4 X 44 K, Agilent Technologies).
fitFimicroRNA F AmiRCURY ™ LNA
Array(v.18.0, Agilent Technologies)microRNA
& Fr. TRIzol(Invitrogen); GoScript™ Reverse

Transcription System(Promega); SYBR" Premix
Ex Taq"(Takara); miRCURY™ Hy3"™/Hy5™
Power labeling kit(Exiqon).

1.2 7

1.2.1 BRNAFRBC IR F5 514 N3 10%06
TG 1% 555 R AP 16405 77 1
(Hyclone), 37 ‘C+ 50 mL/L CO,, FITRIzol%}
SIREDLD1-shFOXQIMIDLDI1-shControl
JHM S RNA, GHAM2 M EYFEE. H
Bioanalyzer 2100(Agilent) & SAEM, PAPEAL &
RNARJMRE . 4lifE, 5e¥MMAa 260/280

1.2.2 %R 22 S Anabrinl : A J5E (R 20 R0 3 L Rt
Jr FilmicroRN A 7 (s I AN i 7 A 35 ey L
T A A F) SRR

1.2.3 % M 2 ¥ 57 R GeneSpring GX
v11.5.1(Aligent) 345 R A& Fr R RS,
I8 DLD1-shFOXQ1/DLD1-shControi#f 47 % 57
FER Gk, LAFold change=21F A%k [K KA A
B EMEZE RN BE. R JEX RIS ZE 7L R 45
4 DAVID#EATGOMpathway 73 #7. 1 /1 GenePix
Pro 6.0(Axon)¥fmicroRNASLEG HHE#1TRIE
BEEFIN. QRT-PCREI W K&E R EM it
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A, qRT-PCR{E FRoche Lightcycler 4804
VESERK, 45 Rt FR A2 2.

it N FHMicrosoft Excelfl
SPSS17.0% b B A 45, 3 H A5 M 32 K (fold
change, FO)# TR FRIA &2 R ITHE. FHLA
[FC|=2 N7 A giih 5 m X

2 B8
21 ALAARAARKXELHER NEENK
SH 2k VSO R BRI 45 SRR B, E R FPTI
w5 1410934 BE R Hr, F 2554 B, 176
ANER T, SR OIRZGEOHE E
(GSE74223). iy &5 Rk 1, 2.
2.2 GO. Pathway%#7 i FH genespring X {4, LA
|FC|=21F R H Rk B B A 22 72 7K E,
XHEREEFOX QI ik B 255 MR #E41TGO
oW, 2 515540BPA (4 T IhEE), IR
TR, — IR SRRV EE; 314
CCHr R (4MIZE 7y, tn Ao F&i6 . 405t i 7t
P, AL A RIS, 28 MF A R (EW
SRR Ak A A AR B XU
FlEIETESSE. XTEBEBEFOXQIRUL A 1764 3
A, 5 5326/ NBP 2K, MRIRERE . S
PPN MU T 15NCCards, N2l
Mgk USRI . B IR S, 28N MF
o, iR F . R T GEAY%EZ
4E.
ffifgenespringHFFIKEGG(Kyoto
Encyclopedia of Genes and Genomes)#(# 7,
X e R T Pathway 7 #T (%3, E1). fEkEE
FOXQUI T, i 35 PR BE 20 2 3l 5 K
T MR -0 R 7524k . FoxOfs 51l
. MR R, mTORME 5 iEH . KA
BIEH . PI3K-Akt(E 5B . HUIRRME
G REE. BAEFOXQLI R, ik RI#EH 5>
SV R 20 B IR - 40 B R 752 44 . NODRE R 32
A5 TiE . BRI . T kBlE Sl
. TNF{E5 @M. FmEMH R, B
A FE 5@ . AMEEA. WL, BIER
SIEML. i CAFOXQITNfAEIRIE, FOXQIA
4411 IR - 400 PR L - S2 A4 5%, T 40 B R -4
DR - 2 ARAE AR B oy, AR AR O BA S, IE S
TR AT REE
2.3 G R 4R HqRT-PCREE HifEpathway
MGOHT, B S5FOXQIIEA KT

Wi £8E
Esquela-Kerscher
§ 2K E,
FOXQI1 A4 7%
Tp21iE A Fo gk
W 9% TG 25 b AR
ESSESN
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We# 3 &

AR A R Ak
BALH, AR
MR TFOXQI
SAKET B, A%
3055 R N
EOM¥FERA
microRNA % ik
KRG

J3aishideng®

ER2R EHT mRNARS E:p4

GPA33 6.626402 NM_005814 Homo sapiens glycoprotein A33 (transmembrane) (GPA33)

DNMBP-AST 6.349088 NR_024130 Homo sapiens DNMBP antisense RNA 1 (non—protein coding)
(DNMBP-AS1), non-coding RNA [NR_024130]

ANGPTL4 5.696401 NM_139314 Homo sapiens angiopoietin—like 4 (ANGPTL4)

DUOX2 5.223868 NM_014080 Homo sapiens dual oxidase 2 (DUOX2)

IL1B 4.755472 NM_000576 Homo sapiens interleukin 1, beta (IL1B)

BLNK 4511446 NM_013314 Homo sapiens B-cell linker (BLNK)

VTCNT 4171324  NM_024626 Homo sapiens V-set domain containing T cell activation
inhibitor 1 (VTCN1)

SFTPB 4.070699 NM_000542 Homo sapiens surfactant protein B (SFTPB)

SHE 4.028845 NM_001010846 Homo sapiens Src homology 2 domain containing E (SHE)

- 3.957717 DB335107 DB335107 SYNOV4 Homo sapiens cDNA clone
SYNOV4009599 3', mRNA sequence [DB335107]

LOCT700737687 3.913005  AK092544 Homo sapiens cDNA FLJ35225 fis, clone PROST2001116.
[AK092544]

REPS2 3.894184  NM_004726 Homo sapiens RALBP1 associated Eps domain containing 2
(REPS2)

C7orf60 3.657602 NM_152556 Homo sapiens chromosome 7 open reading frame 60 (C70rf60)

DUOXA2 3.601023 NM_207581 Homo sapiens dual oxidase maturation factor 2 (DUOXA2)

Chorf4 3.594347 NM_032385 Homo sapiens chromosome 5 open reading frame 4 (C5orf4)

LOC283050 3.530351 NR_024431 Homo sapiens uncharacterized LOC283050 (LOC283050),
transcript variant 1, non—coding RNA [NR_024431]

LOCT007132354 3.422083 NR_024478 Homo sapiens uncharacterized LOC100132354
(LOC100132354), non—coding RNA [NR_024478]

[TMZ2B 3.385245 NM_021999 Homo sapiens integral membrane protein 2B (ITM2B)

ALDOC 3.37901 NM_005165 Homo sapiens aldolase C, fructose—bisphosphate (ALDOC)

C150rf48 3.370889 NM_032413 Homo sapiens chromosome 15 open reading frame 48

(C150rf48)

EGFR. ILIB. ILIRI. Bag4. SULTIC.
DDIT4. CCNG2, FOXQI it F6 4 F A,
CXCLI. CXCL2. PFAS. HRASLSS .
TNFESF11b. TNF. NGADPH AW Z##4T7qRT-
PCRSZLG. 45 Rank4. EIAEM 13N FEH
A1 85 RAHW) &, RIS 85 R (5
B

2.4 MicroRNA £ f+ & ik 45 % £miRCURY ™
Hy3™/Hy5™ Power labeling kit(Exiqon)its /-
KIDLD1-shcontrol iIDLD1-shFOXQ1, J&it
2075/ microRNA, H-#4ME R, 1 Genepix
Giit g B FEBEEFOXQIM R, LLFC|=2
VE R FE R s B 35 2 Fbn i, 35314
microRNA [, 12/ microRNA #4345
WIS, 6.

3 1L
ARSI B ide F (1 2R 15 1% 56 A Whole Human
Genome Oligo Microarray(4X44 K, Agilent
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A HIE R, AR T #iE41000 N3
PR AN e s oA et iz il it F B 41045 I8 U
T-XIRefSeq. Goldenpath. EnsemblFlUnigene
S8R0 A4 s BE RS, I 5 NSRRI A
PHEHEAT HEX 46K 2 BURETF 20 A gilent & ]
(RSB B AR 7 A B AR AL, MicroRNAG:
Jr AmiRCURY™ Hy3™/Hy5™ Power labeling
kit(Exiqon)3& FLNA™M@IZER) LRl AR, Bf
R, R, ToREE e H iR .
FOB 55 R DIRE 70 808 A EL, W S
HmicroRNABE Z, HH T2 HEITFOXQ!
FR D RE.
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& 2 FOXQIEXEG, MBBEGEANN20TER

HEZR BT mRNARS 3%

TCF24 -7.699125 NM_001193502 Homo sapiens transcription factor 24 (TCF24)

MORNS -6.097624 NM_198469 Homo sapiens MORN repeat containing 5 (MORNDb)

GRK1 -5.3753 NM_002929 Homo sapiens G protein—coupled receptor kinase 1 (GRK1)

SPOCD17 -4.863297 NM_144569 Homo sapiens SPOC domain containing 1 (SPOCD1)

GDF6 -4.438107 NM_001001557 Homo sapiens growth differentiation factor 6 (GDF6)

SLC39A8  -4.372665 NM_001135147  Homo sapiens solute carrier family 39 (zinc transporter),
member 8 (SLC39A8)

FAMA48B2  -4.206 NM_001136233  Homo sapiens family with sequence similarity 48, member B2
(FAM48B2)

SERPINIT  —-3.898295 NM_005025 Homo sapiens serpin peptidase inhibitor, clade | (neuroserpin),
member 1 (SERPINIT)

MYBPH -3.67658 NM_004997 Homo sapiens myosin binding protein H (MYBPH)

VPS53 -3.653322 NM_001128159 Homo sapiens vacuolar protein sorting 53 homolog (S.
cerevisiae) (VPS53)

c3 -3.442721 NM_000064 Homo sapiens complement component 3 (C3)

- -3.427454 - HSU45880 X-linked inhibitor of apotosis protein {Homo sapiens}
(exp = —1; wgp = 0; cg = 0), partial (29%) [THC2703908]

ZINF879 -3.426777 NM_001136116  Homo sapiens zinc finger protein 879 (ZNF879)

CcCL20 -3.145884 NM_004591 Homo sapiens chemokine (C-C motif) ligand 20 (CCL20)

FMRINB -3.13995 NM_152578 Homo sapiens fragile X mental retardation 1 neighbor (FMR1NB)

GNN -3.113418 NR_027249 Homo sapiens Grp94 neighboring nucleotidase pseudogene
(GNN), non—coding RNA [NR_027249]

LOC400568 -3.076233 BC043554 Homo sapiens cDNA clone IMAGE:5176687. [BC043554]

DGCR14 -3.033284 NM_022719 Homo sapiens DiGeorge syndrome critical region gene 14
(DGCR14)

ST00A8 -2.988219 NM_002964 Homo sapiens S100 calcium binding protein A8 (S100A8)

RN28ST -2.977916 NR_003287 Homo sapiens RNA, 28S ribosomal 1 (RN28S1), ribosomal RNA

[NR_003287]

WA B T, ARSI IR I FOX QI
9% B 32 AR5 5 B 5 A0 1 5 X 4% 3R 4T
TS AR NI TR ILFOX QX P21,
E-cadherin®™ [ if#5; AL+, WIFOXQIX
T JRE I AT AT 28 MR T2 2 FITL 16" () £ i)
W%, FOXQUM T2 5 ML A sud 72, {2t
g B 0 R0 R A1 R 1 42 28 G B e
FKICXCL 1R I E A" IFEsE TFOX Q1
TE 22 Pl I 1) R A6 R et L 2 700 9 401 i 1) 38
B AT RIEMTRERE o i S 2 Y,
MicroRNA & — &4 i A U5 A AR 2 B /)N
RNA, K H21-25MEHERALAL, 15 A\ A4
Wiz K. VR AU P LA I — A B A
ML, microRNAE b 67 P 1 7 #ILJE [R] ) R 95,
S5 . FETTERSE AN R R
PR AR, EBEEFOXQL N A A
fJhsa-miR-195-5pREME 41l Fra- 7 5 K ) 3R 1.
1M Fra-1%EF 5§05 e A0 5 9, 25 0 5 %

Beishideng®  WCJD | www.wjgnet.com

PIAR M, EREEFOX QLI RN T fhsa-
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FOXQUEN—25 3R 1, HAE PR
TETT R AR S 2 L. SR 2R
YEFEYH AL A TG 2 R DGR T P R U, R
LA H T IR S 37X, LR
T AR 2 L DR a2k 1) T v 87 ) 31 AL, o
XERIEEOARE . SHEL TN TFh
FEIRI AR s R AR iR T #E A, B2
B (L R (R s e R A EREp i B A R
AT, WE NIRRT 2R R AR, (i
JEVRIT 29K P3T72- 1" AR 51 1Y B AR
MR B RA AIRE. TIFE . B, oY
S5 9 A0 A /)N 20 PRI e 5 VDR T 24 40 2 B
P PG, B R A TR R
75 R B JE PO 34 2 DAF O X SRR Hh i % 1 IR
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;% anH P = 3 PIEFOXQIRR, FAREIIRERIE Rpothwoy ST
;gﬁﬁgiﬂ
e 3 A A oah, A B 2EE ESTD ARIER
B AR AR B AR —
Fxpprn  DEEB
B IRAT B T R R BB CASP10/L 1B/L 1R1/IL3RA/PRKACB 2.56925 0.7182
hE AESH WERF-BRRFZIR  ACVRZB/EGFRIL 1B/IL1R1ILZRBALIRA/LYPDGFRB 20017 1.0000
ﬁfﬁg% i%; FoxO¥E’ CCNGZ/EGFRIFBXO32/S1PR4/SGK2 1.8017 1.0000
W Ak £ F AT EIAEX IL1BALTRINIL3RA/NLA 1.7900 1.0000
Horihl 69 —FhH K. mTORER DDIT4/RICTOR/TSCT 1.5428 1.0000
EIEHAER EGFR/PIWIL3 1.5423 1.0000
PIBK-AKDEES DDIT4/EGFR/IL2RB/IL3RA/NL4/PDGFRB/SGKZ/TSCT 1.4303 1.0000
PIRIREER SAVER DUOX2/DUOXAZ/PRKACB 1.3422 1.0000
TEEE
MRRF-MRESTZIA CCL20/CXCL 1/CXCL2/GDF6/L 17RAILEL TB/TNE 4.8088 0.0022
TNFRSF11B/TPO
FREKESIABRS CARDS/CXCL 1/CXCLZ/IL8/TNF 43323 0.0044
ERBemExR CTNNB1/GLIT/TP53MYNT 16 3.2310 0.0275
MRS «Bi@ig CXCLZ/ILE/L TB/TNF 2.4180 0.1192
APEBIATE R <@ ES CCL20/CXCL 1/CXCLZ/TNF 2.1262 0.2101
TRIERR RREER HISTTH3H/ALE/NRAAS/TPE3/WINT 16 2.0744 0.2152
BicRsEx CCL20/CXCL 1/CXCL2/GRKT/IL8 1.9780 0.2463
AMAL RRIAER C3/PROC/SERPIND1 1.8955 0.2749
BB PRKAR1B/TNF/TP53 1.6411 0.4281
IVERIEPS CTNNB1/GLIT/ILS/TP53/TPM3/WNT16 1.5656 0.4776
& 4 {EFEqRT-PCRENIET A IETRIMEAVESR = 5 HEFEFOXQITNA, CiBEEEAAI10 T microRNA
Xt Shcontrol ShFOXQI microRNAZFR fZtrAsk
R hsa—miR-642b-3p 9.262590109
EGFR 1 1.313418 hsa—miR-550a—3-5p/ 9.084437272
IL1B 1 1.81085 hsa—-miR-550a-5p
ILT1R1! 1 0.138536 hsa—-miR-320d 6.849982996
Bag4 1 1.301339 hsa—miR-195-5p 6.109836399
SULT1C2 1 1.38831 hsa-miR-4524b-5p 5.078783166
DDIT4 1 9.849133 hsa—-miR-4506 4.961078779
CCNG2 1 7.944722 hsa—miR-4419a 4.827465547
AR hsa-miR-3175 4.816025478
FOXQ1 1 0.349492 hsa-miR-4784 4.408422585
CXCL1 1 0.232183 hsa—-miR-548ap-5p/ 3.97387298
CXCL2 1 0.681442 hsa-miR-548j-5p
PFAS' 1 5.388934
HRASLS5 1 0.622723
TNFRSF11B 1 0.946058 4 ZH=EX @k
TNF 1 0.795536 1 Katoh M, Katoh M. Human FOX gene family
(Review). Int | Oncol 2004; 25: 1495-1500 [PMID:
1 . 15492844]
SRR, 2 Hannenhalli S, Kaestner KH. The evolution of Fox

genes and their role in development and disease.
A BB I B 2 FIHE AT, DRt T DOT 101008 fgoes] D TR
FOX Q&K R FHIMLEIB 7T, MEFEMBEAH 3 Liang SH, Yan XZ, Wang BL, Jin HF, Yao LP, Li

N | oy N / 57 /E\_ YN, Chen M, Nie YZ, Wang X, Guo XG, Wu KC,
R Zii KR H R TL T i’:@: EE{E Ding J, Fan DM. Increased expression of FOXQ1
FH. FEIERAH R k, W HA B L is a prognostic marker for patients with gastric
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A . W& 54
. ) . . L AEiE
Cytokine-cytokine receptor interation _ ’
ytokine-cyt P FOXQI R % 1
FoxO signaling pathway _ BAE ALK E
- . ZWEAR, {2
Hematopoietic cell lineage _ FOXQI $5 %
. . S B Jm g AR 4
mTOR signaling pathwa _ T AR 8 ~
gnaiing pathway FAHF R,
Dorso-ventral axis formation _ AXABEG S
canali T AUH Fo e R K
PI3K-Akt signaling pathway _ BT T .
Thyroid hormone synthesis _
L | | | | J
0.0 05 1.0 1.5 20 25
B
Cytokine-cytokine receptor interation _
NOD-like receptor signaling pathway _
Salmonella infection _
Rheumatoid arthritis _
Basal cell carcinoma _
Systemic lupus erythematosus _
NF-kappa B signaling pathway _
TNF signaling pathway _
L | | | | | J
0 1 2 3 4 5 6
Enrichment score [-log10(P-value)]
1 EEFOXQIFHE, TEAE BRI ESIVERpathwayDHT. A: FEFEFOX QIR FHE FIREEAI pathway 34T B:
PEREFOX QIERAE, NIFRR A pathway 54T
= 6 MBEFOXQITIA, FIBEEEmANYI0 T microRNA Zhang H, Meng F, Liu G, Zhang B, Zhu ], Wu F,
Ethier SP, Miller F, Wu G. Forkhead transcription
factor foxql promotes epithelial-mesenchymal
microRNAZFR fZth TS p transition and breast cancer metastasis. Cancer
. Res 2011; 71: 1292-1301 [PMID: 21285253 DOI:
hsa-miR-5000-3 -5.260356627 !
sa=mi 8 10.1158,/0008-5472. CAN-10-2825]
SRR —2877979004 ¢ g s AT, kb, TAW, PR E
hsa-miR-145-3p ~2.773082367 QIS P R IS E i B b i) S A A
hsa—miR—4796-5p —2.745003957 FRZAR. e ke 2011; 31: 106-111
. NTUER 2N AR AN E A - S
hsa—mfR—1 9a-5p ~2.425692891 K. HHFUE A bt 2014; 22: 2752-2757
hsa-miR-302e -2.311195074 8 Esquela-Kerscher A, Slack FJ. Oncomirs-
hsa-let—7i-3p —2.296028082 microRNAs with a role in cancer. Nat Rev Cancer
hsa—miR-491-3p —2.265283812 2006; 6: 259-269 [PMID: 16557279 DOI: 10.1038/
. 1840]
hsa-miR-339- ~2.161523974 e
sa-miR-339-5p 615239 9 Kaneda H, Arao T, Tanaka K, Tamura D, Aomatsu
K, Kudo K, Sakai K, De Velasco MA, Matsumoto
K, Fujita Y, Yamada Y, Tsurutani J, Okamoto I,
cancer. Tumour Biol 2013; 34: 2605-2609 [PMID: Nakagawa K, Nishio K. FOXQ1 is overexpressed in
23609035 DOI: 10.1007/s13277-013-0808-x] colorectal cancer and enhances tumorigenicity and
4 Sehrawat A, Kim SH, Vogt A, Singh SV. Suppression tumor growth. Cancer Res 2010; 70: 2053-2063 [PMID:
of FOXQL1 in benzyl isothiocyanate-mediated 20145154 DOI: 10.1158/0008-5472.CAN-09-2161]
inhibition of epithelial-mesenchymal transitionin 10  Xja L, Huang W, Tian D, Zhang L, Qi X, Chen
human breast cancer cells. Carcinogenesis 2013; 34: Z, Shang X, Nie Y, Wu K. Forkhead box Q1
864-873 [PMID: 23276794 DOI: 10.1093/ carcin/ promotes hepatocellular carcinoma metastasis by
bgs397] transactivating ZEB2 and VersicanV1 expression.
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