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Abstract
Thirty-six healthy and similar Chinese Merino sheep were selected and divided into six groups at random. The
treatment group was injected intradermally with 0.5 mL IGF-1 (10ng/mL). Treatment skin tissue of sheep were sampled
respectively for 0,3,6,9,12 and 50 days and the skin expression of growth hormone receptor (GHR), insulin-like growth
factor1 (IGF-1), insulin-like growth factor receptor (IGF- R), KAP3.2 and KAP6-1 mRNA were measured by RT-PCR.
The results indicated that IGF-1 could degrade GHR gene expression, have no effect of IGF-1 and IGF-1R gene
expression, and increase significantly KAP3.2 and KAP6-1 gene expression. Taken together these findings that the
improvement of KAP3.2 and KAP6-1 gene expression may correlates with other pathway beyond the insulin-like
growth factor axis.
Keywords: Sheep, Gene expression, Growth hormone receptor (GHR), Insulin-like growth factor1 (IGF-1), Insulin-like
growth factor receptor (IGF-1R), Keratin intermediate filament-associated protein 3.2 (KAP3.2), Keratin-associated
protein 6-1(KAP6-1)
1. Introduction
Insulin-like growth factor I (IGF-1) and insulin-like growth factor II (IGF-II), as main insulin-like growth factor family,
have an irritant effect on hair follicle epithelium and dermis, especially IGF-1 more significant than IGF-II. Extrinsic
IGF-1 not only stimulate the DNA synthesis and keratinocyte proliferation of human skin in vitro culture, but also
stimulate hair follicle growth in vitro culture, and impact hair follicle morphological development. In contrast, IGF-1
was injected either in vein or subcutaneous sectional in vivo; there were no significant changes in wool growth. But it is
indispensable that IGF-1 maintains the wool normal growth, particularly early stage of hair follicle cycling, and
prevents hair follicle from accessing catagen in advance. So the modulation of IGF-1 to hair follicle remains ambiguous
at present.
We focus on the abundance of GHR, IGF-1, IGF-1R, KAP3.2 and KAP6-1 mRNA in sheep skin by injecting IGF-1 into
local subcutaneous tissue periodically and quantitatively, and on the influence of IGF-1 to the expression of the
previous gene related to hair follicle growth, which would lay a foundation for further study the modulation of growth
factors to hair follicle.
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2. Materials and Methods
2.1 Experimental design
Thirty-six healthy and similar Chinese Merino sheep were selected and divided into six groups at random. The
treatment group was injected intradermally with 0.5 mL IGF-1 (10ng/mL), then the treatment skin tissue of sheep were
sampled about 1cm ɏ 2cm respectively for 0,3,6,9,12 and 50 days. The obtained samples were immediately frozen in
liquid nitrogen and stored at -80ć until isolation of RNA.
2.2 RT-PCR assay the abundance of GHR, IGF-1, IGF-1R, KAP3.2 and KAP6-1 mRNA
Total RNA Isolation: Total RNA was extracted from the homogenized skin tissue according to the TRIzol instructions
and quantified by UV absorbance. Obtaining the ratio of absorbance values at 260 and 280 nm assessed the quantity of
the RNA, and its integrity confirmed by visualizing on 2.0%agarose gels with ethidium bromide staining. If the
proportion of the net intensity of 28S and 18S near or above 2.0, and no trailing smear and other bands, we can assure
the quality reliability of RNA integrity.
Reverse transcription: Each cDNA obtained from total RNA was reverse transcribed by random primers. Reverse
transcription reaction contained 2ug total RNA, 5uM random primers, 0.5mM dNTP, 20U RNase inhibitor,200U
inverse transcriptase(M-MLV-RT),5μL10×RTBuffer(250mol·L-1 Tris HCl (pH8.3),50mol·L-1 MgCl2,250mol·L-1
KCl,50mol·L-1 DTT,2.5mol·L-1 Spermidine),in a total volume of 20μL. The mixture of total RNA, dNTP and random
primers was incubated at 75°C for 5 minutes, then kept cool snap in ice, put in other reagents. Conditions used were
37°C for 60 minutes, and 95°C for 5 minutes.
PCR amplification reactions: The primers sequence of GHR, IGF-1, IGF-1R, KAP3.2, KAP6-1 and beta-actin were
designed according to cDNA sequence of sheep GHR (M82912), IGF-1 (M30653), IGF-1R (X54980), KAP3.2
(AY483216), KAP6-1 (M95719) and ȕ-actin (U39357) in GenBank. The primers sequence and PCR amplification
conditions were shown in Table 1 and Table 2. Each reverse transcription product contained two repeats, as a control,
using ddH2O and total RNA sample replace RT(reverse transcription) product that check out if there having extrinsic
DNA and genome DNA contaminates. To correct the efficiency difference of reverse transcription and PCR between
different batches, the best PCR reaction conditions were established with the mixture that the same volume mixed all
total RNA.
PCR reaction conditions included 2ug RT product, 2U Taq DNA polymerase, 5uL 10×buffer (50mol·L-1
Tris-HCl(pH9.0),100mol·L-1NaCl,1.0mol·L-1DTT,0.1mol·L-1EDTA,50%glycerol,10%TritonX100),0.2mmol·L-1 dNTP,
1.0~2.0mol·L-1 MgCl2, 0.5μmol·L-1 target gene primers and proper ȕ-actin primers.
Electrophoresis and intensity analysis: Reslting PCR products(10-20ul) were analyzed by electrophoresis on 2.0%
agarose gels, with DNA visualized by ethidium bromide staining. LabWork3.0 Analysis System could be used to
analyze the electrophoresis photo and bands intensity. The relative abundance of target gene mRNA in samples would
be assayed according to the ratio of bands intensity between target gene and beta-actin.
2.3 Statistical analysis of experiments data
Experiments data obtained from skin specimen were analyzed using ANOVA of STATISTICA Software, and its
statistical significance was analyzed by LSD test.
3. Results
The relative abundance of GHR mRNA did not significant changes in skin tissues injected IGF-1, compared with
control, but there was a gradual falling tendency in general (Fig1). The findings indicated that IGF-1 could down
regulate the expression of GHR gene in sheepskin.
The Fig2 and Fig3 shown that the expression of IGF-1 and IGF-1R beyond 32.29% and 36.29% respectively, but did
not reached statistical significance. The results suggested that subcutaneous injection of IGF-1 has no evidently effect
on levels of IGF-1 and IGF-1R mRNA.
The Fig4 and Fig5 displayed that levels of KAP3.2 and KAP6-1 mRNA have no clear fluctuation between 0 and 3 days,
then increased gradually between 3 and 9 days, and reached the peak marked difference in 9 day, subsequently
decreased significantly and restored the levels before injection IGF-1. The findings claim that the level of KAP3.2 and
KAP6-1 mRNA expression was improved remarkably by injecting IGF-1 in subcutaneous tissue.
4. Discussion
Extensive findings indicate that there was expression of GHR, IGF-1, IGF-1R and IGFBPs in sheepskin and hair follicle.
Growth hormone can improve the expression of IGF-1 gene, while IGF-1 may selectively inhibit the transcription of
growth hormone and affect on the expression of growth hormone receptor. IGF-1 may cause the cell proliferation and
the expression of IGF-1R, which decreased evidently in high differentiation epidermal cell or tumor cell. Hocking et al
finds that the endogenous IGF-1 reduced significantly within 7 day of IGF-1 infusion, and then increased remarkably.
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Our results indicate that IGF-1 has fall-down effect on expression of growth hormone receptor and no significant effect
on expression of IGF-1 and IGF-1R.
IGF-1 could be able to improve the growth of hair follicle through regulate the androgen in vivo and in vitro, however,
hair follicles maintained in the absence of IGF-1 showed premature entry into a catagen-like state. Growth hormone had
no effect on hair follicle growth or morphology in the absence of IGF-1. The changes of IGF-1R expression vary from
site to site during hair cycles. These results suggest that IGF-1 and its receptor play an important role in regulating hair
follicle growth. In contrast, the results in vivo fall out of to in vitro. Cottam et al (1992) injected IGF-1 to lamb and then
the concentration of IGF-1 in blood flow increased, but no effects were found in the wool growth after 8 weekends. The
results injected IGF-1 to local sheepskin demonstrate that IGF-1 caused protein synthesis increase on short term, while
the synthesis of protein decreased on long term and wool growth still remained the same. Our results suggest that IGF-1
caused keratin-associated protein 3.2 (KAP3.2) and keratin associated protein 6-1 (KAP6-1) expression increase,
possibly IGF-1 caused keratin synthesis through other pathway beyond the insulin-like growth factor axis.
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Table 1. Parameters of oligo-nucleotide primer pairs for the oGHR, oIGF-I, oIGF-IR,oKAP3.2,oKAP6-1 and oȕ-actin
target gene

sequence origin

oGHR

oIGF-1
oIGF-1R
oKAP3.2

oKAP6-1

oȕ-actin

primer sequence

PCR product
281bp

GenBank

F:5'-AGGTTGCTCAGCCACAAA-3'

M82912

R:5'-TGGGGAAAGGACCACATT-3'

GenBank

F:5'-AGTTGGTAGATTGCTGTTGAT-3'

M30653

R:5'-GAGAAGGGAGCGGGATAG-3'

(680-956)

GenBank

F:5'-GCGGTTCTGTTGATAGTGG-3'

287bp

X54980

R:5'-GCCTCGTTCACCGTCTTA-3'

GenBank

F:5'-TCATCAACCCAACAAAACC-3'

AY483216

R:5'-GGGGCTCGCAGACATT-3'

GenBank

F:5'-CTCTACCCGAGAACAACCT-3'

M95719

R:5'-TCGTGGCATCCTCAATAGT-3'

GenBank

F:5'-GCAGGTCATCACCATCGG-3'

U39357

R:5'-GCCAATCTCATCTCGTTTTC-3'

(1412-169
2)
277bp

(646-932)
322bp
(20-341)
296bp
(1010-130
5)
467bp
(821-1287
)

Table 2. RT-PCR condition for skin GHR, IGF-1, IGF-1R, KAP3.2 and KAP6-1 mRNA in sheep
GHR

IGF-1

IGF-1R

KAP3.2

KAP6-1

0.8mol/LMgCl2,

0.8mol/LMgCl2,

0.8mol/LMgCl2,

0.8mol/LMgCl2,

0.8mol/LMgCl2,

PCR

94ć30s,56ć 45s,

94ć30s,56ć 45s,

94ć30s,56ć 45s,

94ć30s,56ć 45s,

94ć30s,61ć 45s,

conditions

72ć 30s,

72ć 60s,

72ć 30s,

72ć 30s,

72ć 30s,

30 cycles

31 cycles

31 cycles

30 cycles

30 cycles

Figure 1. Effect of IGF-1 on relative abundance of skin GHR mRNA
Up: Representative agarose gel electrophoresis photo of RT-PCR result. I0~I50 represent injection IGF-1 day 0~50 respectively,
C0~C50 represent control skin day 0~50 respectively; M: Marker (PUC19). Down: result analysis of effect of IGF-1 on relative
abundance of GHR mRNA in skin, n=6. * P<0.05; ** P<0.01.
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Figure 2. Effect of IGF-1 on relative abundance of skin IGF-1 mRNA
Up: Representative agarose gel electrophoresis photo of RT-PCR result. I0~I50 represent injection IGF-1 day 0~50 respectively,
C0~C50 represent control skin day 0~50 respectively; M: Marker (PUC19). Down: result analysis of effect of IGF-1 on relative
abundance of IGF-1 mRNA in skin, n=6. * P<0.05; ** P<0.01.

Figure 3. Effect of IGF-1 on relative abundance of skin IGF-1R mRNA
Up: Representative agarose gel electrophoresis photo of RT-PCR result. I0~I50 represent injection IGF-1 day 0~50 respectively,
C0~C50 represent control skin day 0~50 respectively; M: Marker (PUC19). Down: result analysis of effect of IGF-1 on relative
abundance of IGF-1R mRNA in skin, n=6. * P<0.05; ** P<0.01.
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Figure 4. Effect of IGF-1 on relative abundance of skin KAP3.2 mRNA
Up: Representative agarose gel electrophoresis photo of RT-PCR result. I0~I50 represent injection IGF-1 day 0~50 respectively,
C0~C50 represent control skin day 0~50 respectively; M: Marker (PUC19). Down: result analysis of effect of IGF-1 on relative
abundance of KAP3.2 mRNA in skin, n=6. * P<0.05; ** P<0.01.

Figure 5. Effect of IGF-1 on relative abundance of skin KAP6-1 mRNA
Up: Representative agarose gel electrophoresis photo of RT-PCR result. I0~I50 represent injection IGF-1 day 0~50 respectively,
C0~C50 represent control skin day 0~50 respectively; M: Marker (PUC19). Down: result analysis of effect of IGF-1 on relative
abundance of KAP6-1 mRNA in skin, n=6. * P<0.05; ** P<0.01.
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