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Profiling of Genes Differentially Expressed After Targeted
Inactivation of OCT4 Pluripotent Transcription Factor in

Human Lung Adenocarcinoma Stem Cells
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(‘Department of Pulmonary Medicine, Shanghai Chest Hospital, Shanghai Jiaotong University Medical School, Shanghai 200030,
China;*Shanghai Cancer Institute, Renji Hospital, Shanghai Jiaotong University Medical School, Shanghai 200032, China)

Abstract An analysis of cDNA microarray database was performed to search for the differentially
expressed genes between the OCT4 pluripotent transcription factor-positive lung adenocarcinoma stem cells (OCT4"
cells) and their OCT4 knockdown (OCT4-KD) cells. In comparison with OCT4" cells, OCT4-KD cells were found
to exhibit differential expression in 2 138 genes, among which 1 554 genes were up-regulated and 584 genes down-
regulated. These genes were involved in several cell functions such as cell cycle, proliferation, apoptosis and
migration. They were also participated in some signaling pathways especially pathways in cancer, EGFR signaling
pathway and hypoxia/p53 pathway. Analysis with the top differentially expressed genes revealed that 20 genes were
specifically expressed in OCT4" cells, while 47 genes were exclusively existed in OCT4-KD cells. This signature
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represents a unique type of genes that enable to identify the OCT4" cells in human lung adenocarcinoma. Moreover,

our studies demonstrated that OCT4 expression in lung adenocarcinoma stem cells was regulated by HIF1a.

With RNA interference technique, we showed that targeted inactivation of HIF1a in OCT4" cells was able to shut

down OCT4 expression and thereby, to induce their phenotypic differentiation. Moreover, interference of HIF1

transcriptional activity with echinomycin also significantly reduced the expression of OCT4. Collectively these

data pointed out the presence of HIF1a-OCT4 axis in lung adenocarcinoma stem cells. This finding provided a new

avenue for development of OCT4-based targeting approaches to treat this tumor.
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Table 1 Genes upregulated after OCT4 knockdown
A7) S PR AR OCT4'4iffl*  OCT4-KD* ZERIME
Genes Gene name OCT4" cell* OCT4-KD* Diffscore
RETNLB Resistin like beta 27.449 11 369.050 327.593
OLRI Oxidized low density lipoprotein (lectin-like) receptor 1 —22.916 513.610 96.632
NNMT Nicotinamide N-methyltransferase 27.884 606.484 77.396
NRG1 Neuregulin 1, transcript variant GGF2 16.604 453.468 69.880
ANKRDI1 Ankyrin repeat domain 1 (cardiac muscle) 19.503 498.482 65.486
C8orf4 Chromosome 8 open reading frame 4 33.523 410.962 60.028
LOCI100130009  PREDICTED: similar to high mobility group protein 17.458 363.357 59.762
MAZ MY C-associated zinc finger protein, transcript variant 2 16.472 366.099 58.979
EFEMPI EGF-containing fibulin-like extracellular matrix protein 1 31.320 448.312 52.390
LEPRELI Leprecan-like 1 23.889 361.677 52.296
MYLK Myosin light chain kinase, transcript variant 8 35.151 487.704 51.870
IERSL Immediate early response 5-like —4.458 276.281 50.966
PSG4 Pregnancy specific beta-1-glycoprotein 4, transcript variant 1 21.063 333.370 48.830
SPHK1 Sphingosine kinase 1, transcript variant 1 40.300 345.238 48.253
ABCAI3 ATP-binding cassette, sub-family A(ABC1), member 13 —-12.100 287.056 46.349
NEXN Nexilin (F actin binding protein) 14.973 337.873 43.350
CHAC2 ChaC, cation transport regulator homolog 2(E.coli) 41.931 372.848 43.059
MUCI1 Mucin 1, cell surface associated, transcript variant 1 19.881 274.001 38.889
RCANI Regulator of calcineurin 1, transcript variant 2 31.853 290.433 35.499
DIAPH3 Diaphanous homolog 3 (Drosophila), transcript variant 2 27.449 11 369.050 327.593
IF127 Interferon, alpha-inducible protein 27, transcript variant 2 —7.211 235.390 34.881
NFKB2 Nuclear factor of kappa light polypeptide gene enhancer 16.910 286.444 34.430
SUPT6H Suppressor of Ty 6 homolog (S.cerevisiae) 32.288 281.455 32.591
NKAP NF-kappaB activating protein 36.805 263.790 31.175
SLC342 Solute carrier family 3, member 2, transcript variant 6 19.137 297.211 31.173
XK X-linked Kx blood group (McLeod syndrome) 7.864 244.403 30.268
MTF1 Metal-regulatory transcription factor 1 29.037 231.789 29.315
RPS19BPI Ribosomal protein S19 binding protein 1 40.297 268.356 29.230
DOLK Dolichol kinase 37.498 245.803 29.116
KIAA0460 KIAA0460 24718 250.371 27.924
SNX25 Sorting nexin 25 10.287 200.283 25.720
JARIDIC Jumonyji, AT rich interactive domain 1C 14.556 209.902 25.717
OGFRLI Opioid growth factor receptor-like 1 —15.128 175.086 25.406
SRFBPI Serum response factor binding protein 1 31.321 225.118 24912
FAMI100A Family with sequence similarity 100, member A 24.643 311.667 24.854
SFTAIP Surfactant associated 1 (pseudogene), non-coding RNA 36.376 254.012 24.831
PUSLI Pseudouridylate synthase-like 1 35.521 243.657 24.380
HYI Hydroxypyruvate isomerase homolog (E.coli) 38.385 234.384 24.255
CNOT3 CCR4-NOT transcription complex, subunit 3 34.268 261.149 22.712
GOLGA4 Golgi autoantigen, golgin subfamily a, 4 41.787 245.138 22.530
RHBDD3 Rhomboid domain containing 3 0.466 160.015 22.059
TERF1 Telomeric repeat binding factor (NIMA-interacting) 1 -0.228 168.805 21.806
ZFP91 Zinc finger protein 91 homolog (mouse) 38.590 213.104 21.110
ECHDCI1 Enoyl Coenzyme A hydratase domain containing 1 38.716 209.238 21.029
SFMBTI Scm-like with four mbt domains 1, transcript variant 2 37.758 222.368 20.766
SMARCC2 SWI/SNF related, matrix ass?ciated', actin dependent regulator of chromatin, 15.933 206.851 20.479
subfamily ¢, member 2, transcript variant 1
GBF1 Golgi-specific brefeldin A resistant guanine nucleotide exchange factor 1 41.760 229.762 20.398
FHREF R SR .

*Signaling value detected by probes.
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A: SPC-A140 i HOCT4 4l Jd Y7 1 1) 4 OCT4MISP-CHe (7 [ 11 B:
MACS 7 iEMUC WA 5 G (5 1 7 SP-CRH A, (HOCT4 1k -
A: the OCT4" subtype in SPC-A1 cell line was stained positive for
OCT4 and SP-C; B: the MUC1" subtype isolated by MACS showed
positive staining for SP-C but negative for OCT4.
El2 OCT45MUCIFRIZHIX R
Fig.2 The correlation between OCT4 and MUC1
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R, TARETRAT I DRLES Bl e b AR R R R,
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IOCT4HE R PUER 5| D 1IR3/ NHIF Z % B 2 1 3Rk
A0 B (EI3A). Fo i % A 1 3E 52 AEOCT 4T
BRHT S, HIF1lofTHIF2a [ 3 5 I PE Rk (KI3BAI
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FICITED41) 2k 1 B _Ei(E3A), 12N A e
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Table 2 Genes down-regulation after OCT4 knockdown

S e PR AR OCT4'4fiffi* ~ OCT4-KD* ESE
Genes Gene name OCT4" cell* OCT4-KD* Diffscore
GBP2 Guanylate binding protein 2, interferon-inducible 500.361 1.223 —-104.636
RN7SK RNA, 7SK small nuclear, non-coding RNA 629.065 8.0292 -71.053
CA49 Carbonic anhydrase IX 353.364 —-11.651 —69.114
EGR2 Early growth response 2 (Krox-20 homolog, Drosophila) 376.461 13.260 —60.225
ALOXS PREDICTED: arachidonate 5-lipoxygenase 388.250 27.763 —48.955
RNU6ATAC RNA, Uéatac small nuclear (U12-dependent splicing) 423.693 25.666 —48.885
CYPIAI Cytochrome P450, family 1, subfamily A, polypeptide 1 311.511 -17.478 —42.775
SLC29A44 Solute carrier family 29 (nucleoside transporters), member 4 306.857 27.547 —42.637
MALL Mal, T-cell differentiation protein-like 178.591 -9.999 -32.376
MIR25 MicroRNA 25 225.843 10.743 -28.671
WFDC3 WAP four-disulfide core domain 3, transcript variant 2 227.638 27.200 —28.360
ACCN2 Anmiloride-sensitive cation channel 2, transcript variant 2 169.916 —6.790 —27.982
GALNTY Polypeptide N-acetylgalactosaminyltransferase 9 207.018 25.047 —26.474
TAGLN Transgelin, transcript variant 2 227.229 21.629 —26.259
FLJ44342 PREDICTED: hypothetical LOC645460, miscRNA 215.287 20.760 —26.047
LOCI100132761  PREDICTED: hypothetical protein LOC100132761 163.913 —7.533 —23.449
ETVS Ets variant gene 5 (ets-related molecule) 242.514 31.383 —22.535
REEP6 Receptor accessory protein 6 225.116 25.840 -20.980
NDUFA4L2 NADH dehydrogenase 1 alpha subcomplex, 4-like 2 155.514 -13.279 —-20.800
SPRY1 Sprouty homolog 1, antagonist of FGF signaling (Drosophila) 198.312 26.768 -20.282
FERET AR S A A .

*Signaling value detected by probes.
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Signal detected

HIFla HIF2a OCT4
HIF2a OCT4
HIF 1o HIF2o OCT4

Az RS T RS B B-D: S 9OGRN . B: OCT4 41 iid; C: OCT4-KD4H fitd; D: OCT4 4 f14:10 nmol/L ECHAEHI24 b/ .
A: microarray analysis; B-D: immunostaining. B: OCT4" cells; C: OCT4-KD cells; D: OCT4" cells treated with 10 nmol/L ECH for 24 h.
3 HIF1AEOCT45k1%
Fig.3 HIF1 regulates OCT4 expression

(A) Control HIFla

TTF-1 PLAGL2

(B) Control HIFla

TTF-1 PLAGL2

HIF2a OCT4

CCSP SP-C

HIF2a OCT4

CCSP

A: P PEIEAT I /R OCTA-KDAN U 1R AR 1A, B: OCT4 4 sk e 4L e B b i

A: immunofluorescent assay revealed the expression of phenotypic markers in OCT4-KD cells; B: the expression of these markers in OCT4" cells as control.
El4 $E K EHIFI T IHOCT4RIAFRIEOCT4 AR E 5L
Fig.4 Down-regulation of OCT4 expression and induction of phenotypic differentiation by targeted inactivation of HIF1 in OCT4" cells
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RIEWF T 7 SCFRATHRIE, 0 15- 1 58— 1 51 3=
J2(15d-PGJ2)Y5 2= K Jf% (desferrioxamine, DFO)4H &
A DL 2B 1 HIF2 a8 28 MM A8 £3 OC T4 3 18 3 B,
I Bz & BA 5 RSN RON .
I FATR I, FR A A AN FHHIF200f AR5
HIFlaRiE(R R R R AWFCHER, 16l
L P AN AN R i) K3 HIF T o PR B AT 4 TR 208, 1M
HHIFHIHI I ECHE fig % 2 % T IHOCT4K 1L, I
BB ATTIN A, il RS2 CSCIR ZE W 24 K M 32 HIF 1o-
OCT4AHM A, 1M H.i% i 44 4l & ) LUd i 25 W) dh AT
TR PR, FE ST 70 B s gk 2 5 4608 A5 I R
I I 20254, 4 e % 4 it s CSCIVBE [n) 75 97 4
BT B

Zx BITR, OCT4 %7 Re R 4 i 1 CSCHY
FEAETE bR & FE T S0 b 2 22 W 15 200503 1IN TR,
5 H #7281 R CSCI R BURFAE M AR IS BR
TSP, CDI33"FIALDH"HEEOCT4 W HEAR, FA 18
MSPC-A15E 4l f bk vh 4 B %52 T — A H IOCT4
MEFE, 12 A i 2 0K P I 3 g ity #H 4 Jfd (progenitor
cells) () & 4 b 7&, w1 HR R %% ¢ A - 1(thyroid
transcription factor-1, TTF-1). % J& I 4 #F F&
2(pleomorphic adenomatous gene-like 2, PLAGL2).
SP-CHIClaradfl g /3 # 45 [1(Clara cell secretory pro-
teins, CCSP)%% . K HISERIUTER B AR FA 153 0 K% 1
OCT4. TTF-1RIPLAGL2, JH ik I R Rk PrER e
A58 9t 00 G ) I 9L g AR D672, G e Y A AR
71N, T s T AL P 2 i R 4 1 S8 P e A
{H K CSCHY & 1k (identity 5 B AR AW AT, 41
SRR AT BT e B ) . ARSI A RS A
FIATH A, 1 IRIRIE T OCT4 i i 4 iy 2 A7 n] %
S ) R ARE AR P G DR, L 20/ 5 DR A L 2 4 e v
A, MATNHEEOCT4 1R 5 W 3K ik . 1%
FEDRG IR A i B ee CSC IR 57 B AT B AN .

i 5 2, BEAECSCHIFLIIIRN, HAr R ) vh
J7 2 H 3852 80 00 . ASCEE RO E LR TRt
TR . AR B B AR, i CSC
(PRE S 1 A 1) YA T e 20 R — P I PR VA T B B
AR, SR ST ToHEH R s B AR A R A
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