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Abstract The nuclear factor 1/B (NFIB) is an important transcription factor and plays important roles in
cell proliferation, apoptosis and tissue development. Our previous results revealed that sheep NFIB gene produces
three different transcript isoforms and three protein isoforms (NFIB-1, NFIB-2 and NFIB-3). NFIB-1, NFIB-2
and NFIB-3 have a molecular weight of 48 kDa, 43 kDa and 39 kDa, respectively. To date, their functional
differences are not clear. In the present study, the transcript-specific primers were designed and used to measure
the abundance of the three different NFIB transcript isoforms in various sheep tissues using Real-time PCR. To
explore their functional differences, the eukaryotic expression vectors of these three different NFIB isoforms were
constructed and transfected into HaCAT cells. The CCK-8, Cell Death Detection ELISA and Annexin V-FITC
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Apoptosis Detection Kits were used to investigate their effects on the proliferation and apoptosis of HaCAT cells.
The results of tissue expression profiling showed that the three NFIB isoforms (NFIB-1, NFIB-2 and NFIB-3) were
expressed in various sheep tissues including skin, fat, kidney, and their tissue expression patterns were different in
different tissues. The results of CCK-8 assay showed that compared with the empty vector, NFIB-1 overexpression
promoted cell proliferation (P<0.01); NFIB-2 had no obvious effect on cell proliferation, and NFIB-3 inhibited
cell proliferation (P<0.01). The Cell Death Detection ELISA and Annexin V-FITC Apoptosis assays showed that
overexpression of any one of the three NFIB isoforms could induce HaCAT cell apoptosis to some extent. By
comparison, NFIB-1 and NFIB-3 were more potent to induce apoptosis than NFIB-2 (P<0.01). However, there
was no significant difference in promoting apoptosis of HaCAT cells between NFIB-1 and NFIB-3. These results
suggested that the three different sheep NFIB isoforms played different roles in cell proliferation and apoptosis.
Keywords  sheep NFIB; protein isoform; cell proliferation; cell apoptosis
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4 : RNA 1%
' NFIB PCR Promega
3 (JQ348896 Q348897 Improm-11™(Promega, Madison, WI, USA)
JQ348895)1, NFIB-1 NFIB-2 RNA
NFIB-3 , NFIB-1 8 , 1.0 pg Oligo-dT (0.5 pg/uL) 1.0 puL
NFIB-2 7 , NFIB-3 2 5 uL, 70 °C 5 min,
3 3 5 min 15 pL, ImProm-
: 1™ Buffer 4.0 L. MgCl(25 mmol/L) 2.5 uL.  dNTP
NFIB 3 Mixture(10 mmol/L) 1.0 uL.  RNase Inhibitor 0.5 pL
3 HaCAT ImProm-11™ Reverse Transcriptase 1.0 pL
6.0 pL; : 25 °C 5 min, 42 °C 60 min,
NFIB 70 °C 15 min, 5 °C
122 NFIB
1 cDNA(JQ348895) , Primer
1.1 Premier 5 , Sal |
111 (F: 5'-GTC GAC CAT GAT GTATTC TCC CAT
( CTG TCT C-3), Xho | (R:
) 5-TCT CGA GCT AGC CCA GGT ACC AGG ACT
GG-3) cDNA : PCR
10 , NFIB 3 CDS :
, PCR : , pCMV-myc
, 20 , 6 Vector(Clontech ), NFIB 3
, pCMV-myc-NFIB-1 pCMV-myc-
11.2 NFIB-2 pCMV-myc-NFIB-3
Axygen PureLinkTM RNA Micro Kit Opti- 1.2.3 Real-time PCR NFIB
MEM Trizol Reagent Lipofectamine 2000 3 (JQ348896 JQ348897
Invitrogen DMEM-F12 Gibco JQ348895), Primer Premier 5 NFIB
FastStart Universal SYBR Green Master (Rox) 3

Cell Death Detection ELISA Roche
FITC Annexin V BD
1.1.3 PCR Biometra
Beckman
UVP Real-time PCR ABI
Invitrogen CO,
Thermo Electron Epoch
BioTek
—20 °C/4 °C
Leica
Eppendorf
1.2
1.2.1 RNA RNA
Trizol (Invitrogen, Rockville, MD)

FastStart Universal SYBR Green Master(Rox) ABI
Prism 7500 sequence detection system Real-time
PCR , 10 pL , ,
1 PCR : 50 °C 2 min, 95 °C
10 min,95°C 155,60 °C60s, 40
3 2—AACt
3

1.2.4 Western blot HaCAT

6 : 70%~80%
Lipofectamine 2000 NFIB-1 NFIB-2 NFIB-3

(PCMV-myc-NFIB-1 pCMV-myc-

NFIB-2 pCMV-myc-NFIB-3) pCMV-myc
HaCAT ,6h ,48 h PBS
3 PBS, RIPA
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1

PCR

Table 1 Real-time PCR system

Reagent composition Volume
FastStart Universal SYBR Green Master 5.0 uL
F (10 pmol /L) 0.3 uL
R (10 pmol /L) 0.3 uL
cDNA template 1.0puL
RNase-free water 34 uL
Total volume 10.0 puL
PMSF, 100:1, DMEM CCK-8 ,
30~40 min, pCMV-myc 24 50 uL CCK-8 , CO;
NFIB-1 NFIB-2 NFIB-3 2 h, 450 nm ,
10% SDS-PAGE , D 0d,
Mini Trans-Blot (BIO-RAD) , 2d 4d 6d ,
0.45 um NC , 2d 1
, 5% PBST( 0.05% PBS) 3
, 2h , 1.2.7 ELISA
PBST ,4°C DNA (
GAPDH 1:100; myc ) Cell Death Detection ELISA
1:500 PBST 3, 5 min, HaCAT
, (HRP) 6 , 80%
( 1:5000) PBST , , 3 NFIB (pCMV-myc-NFIB-1
1h PBST 3, 5 min, pCMV-myc-NFIB-2 pCMV-myc-NFIB-3)
ECL ,6h , PBS
1.25 HaCAT , 96 , 1x10Y
, CCTCC : GDC106, Roche Cell Death Detection ELISA
(D-MEM +10% FBS) , 37°C CO; 405 nm,
5% 90% , 2d 490 nm, Duos  Dugo
1 3
1.2.6 CCK-8(cell counting kit-8) 1.2.8 HaCAT 6
WST-8 , , 70%~80% , 3 NFIB
(pCMV-myc-NFIB-1
, pCMV-myc-NFIB-2 pCMV-myc-NFIB-3)
HaCAT 24 (pCMV-myc-Vector) HaCAT ,6h
, 5x10% ( , : 48 h ,
), 30%~40%, (4~6 h) BD FITC Annexin V ,
,  NFIB 3 (BD Biosciences)
(PCMV-myc-NFIB-1 pCMV-myc-NFIB-2 3
pCMV-myc-NFIB-3) (pCMV-myc-Vector) 1.2.9 SAS9.2 (SAS Institute
HaCAT , Lipofectamine Inc) , meanzS.D.
2000, 0.5 pg/ t , P<0.05 ,

Opti-MEM medium ,4~6 h 10%

P<0.01
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1 2 :NFIB-1 Real-time PCR ;3 4 :NFIB-2 Real-time PCR ;5 6 : NFIB-3 Real-time PCR ;7 8 : GAPDH
RT-PCR 09 : Trans2K DNA marker C: NFIB 3 6 , RNA,
Real-time PCR , GAPDH

A: schematic diagram of the locations of the primers used for detection of the three sheep NFIB transcript isoforms. Thick arrows indicate primers; the
numbered boxes indicate exons. B: lanes 1 and 2: Real-time PCR products of NFIB-1 transcript; lanes 3 and 4: RT-PCR products of NFIB-2 transcript;
lanes 5 and 6: Real-time PCR products of NFIB-3 transcript; lanes 7 and 8: Real-time PCR product of GAPDH gene; lane 9: Trans2K DNA marker.
C: sheep tissue expression profiling of the three different NF1B transcript isoforms. The tissue samples were collected from six individual sheep, gene
expression was analyzed by Real-time PCR and GAPDH was used as an internal control.

1 NFIB 3

Fig.1 The transcript-specific primer design and tissue expression profiling of the three sheep NFIB transcript isoforms
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2.2 NFIB NFIB 3
NFIB 3 (pPCMV-myc-NFIB-1 pCMV-myc-NFIB-2
, 3 CDS, pCMV-myc-NFIB-3) (PCMV-myc-Vector)
pCMV-myc-Vector, 3 HaCAT , CCK-8 NFIB-1
(pPCMV-myc-NFIB-1 NFIB-2 NFIB-3 ,
pCMV-myc-NFIB-2 pCMV-myc-NFIB-3), , pCMV-myc-NFIB-1
, HaCAT , Western blot 6d (P<0.01),
3 NFIB , 3 pCMV-myc-NFIB-3 4d 6d
NFIB (P<0.01), pCMV-myc-
( 2), NFIB NFIB-2
3 , GFP ( 3B) , NFIB-1 HaCAT
HaCAT HaCAT , NFIB-3 HaCAT ,  NFIB-2
: 50%(
3A), NFIB 3 2.3 3 NFIB
NFIB 40,
NFIB 3 )
2 PCR
Table 2 PCR primers used in this study
(5'—>3) (bp) °C)
Primer Primer sequences (5'—3') Product size (bp) Tm (°C)
NFIB-1-F TTG GCATAC TAC GTG CAG GAG C 412 62
NFIB-1-R TCATAG TAG TCG GAG AAG ACA TAT CTT GAT
NFIB-2-F CGAAAG AGA TCAAGT CAT CTC GAC 182 58
NFIB-2-R TGG ATG GAT CGT AAG AAG GTA CAT
NFIB-3-F CCT GAC CAG AAG GAT TCT GGA CAA 221 61
NFIB-3-R ACC CCC GAG TTC ATG TCATGATAG
GAPDH-F CTG ACC TGC CGC CTG GAG AAA 149 59
GAPDH-R GTAGAA GAG TGAGTG TCG CTG TT
1 2 3 4
40 kDa
25 kDa
1 NFIB-1 HaCAT 2: NFIB-2 HaCAT ;3 NFIB-3 HaCAT D4

Lane 1: lysate of pPCMV-myc-NFIB1-transfected HaCAT cells; Lane 2: lysate of pPCMV-myc-NFIB 2-transfected HaCAT cells; Lane 3: lysate of pCMV-
myc-NFIB3-transfected HaCAT cells; Lane 4: protein marker.

2 NFIB 3 Western blot

Fig.2 Identification of the expression of the three different sheep NFIB protein isoforms by Western blot analysis with

an anti-myc antibody
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(A) (B)
2.5 pCMV-myc-Vector
20 pCMV-myc-NF1B-1

pCMV-myc-NF1B-2
gl.5 pCMV-myc-NF1B-3
S10
0.5
O 0 2 4 s
Time (d)
A: HaCAT GFP HaCAT (100%) B: CCK-8 NFIB 3
HaCAT

A: detection of transfection efficiency in HaCAT cells. Cells were transfected with a GFP expression plasmid, and the transfection efficiency was
examined under fluorescence microscope (100x). B: the effects of overexpression of the three different NFIB isoforms on HaCAT cell proliferation were
assayed by CCK-8. The experiments were repeated three times independently.

3 NFIB 3 HaCAT

Fig.3 The effects of overexpression of the three different NFIB isoforms on HaCAT cell proliferation
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A:3 NFIB HaCAT Cell Death Detection ELISA , 405 nm,
490 nm, Daos  Duago B C: FITC Annexin V 3 NFIB HaCAT
C Q1: ; Q2: ; Q3:
; Q4: 3 , *P<0.05, **P<0.01, pCMV-myc-Vector

A: the effects of overexpression of the three different NFIB protein isoforms on HaCAT cell apotosis, the cell death was measured using by Cell Death
Detection ELISA kit, and is calculated as absorbance (Dss—Dago). B,C: the effects of overexpression of the three different NFIB protein isoforms on
HaCAT cell apotosis. Cell apopotosis was assayed by FITC Annexin V Apoptosis Detection Kit. C: quantification of the effects of overexpression of the
three different NFIB protein isoforms on HaCAT cell apotosis. Q1: necrotic cells; Q2: terminal apoptotic cells; Q3: normal cells; Q4: early apoptotic
cells. The data were the mean of three independent experiments. *P<0.05, **P<0.01 compared with pCMV-myc-Vector group.
4 3 NFIB HaCAT
Fig.4 The effects of overexpression of the three different NFIB protein isoforms on HaCAT cell apoptosis

NFIB 3 myc-NFIB-3) (pCMV-myc-Vector)
(pCMV-myc-NFIB-1 pCMV-myc-NFIB-2 pCMV- HaCAT , Cell Death Detection ELISA
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