Behavior of calf Sertoli cells and fibroblast
cells transfected with the human HNP-1 gene
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ABSTRACT. Human neutrophil peptide-1 (HNP-1) is an important
defense molecule in neutrophils and Sertoli cells and plays an important
role in the blood-testis barrier. In this study, we investigated the behavior
of Sertoli cells transfected with the HNP-/ gene and compared the ability
of Sertoli cells and fibroblast cells to resist transfection. Total RNA was
isolated from human blood. The DNA coding sequence of HNP-1 was
amplified by reverse transcription-polymerase chain reaction (RT-PCR)
and the eukaryotic expression vector pPEGFP-N3-HNP-1 was identified
by PCR, endonuclease digestion, and sequencing. Bovine Sertoli cells
and fibroblast cells were transfected with pEGFP-N3-HNP-1 using
Liposome reagent. The transfection efficiency and the behavior of
the transfected cells were evaluated at 24, 48 and 72 h as well as at
other times after transfection. The plasmid pEGFP-N3-HNP-1 was
successfully constructed. The cells achieved maximum transfection
efficiency at 48 h. Two weeks after transfection, the cells began to stop
dividing. The ability of Sertoli cells to resist transfection was higher
compared to fibroblast cells. The ability of the 2 cell types to resist
transfection was higher with plasmid pEGFP-N3-HNP-1 than with the
plasmid pEGFP-N3. The injury to Sertoli cells caused by transfection
with the HNP-1 gene was less pronounced than in fibroblast cells,
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which may be closely correlated with the physiological function of
Sertoli cells.
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INTRODUCTION

Mammalian defensins are small antimicrobial peptides of 29-34 amino acids and are
rich in cysteine and arginine (Lu and de Leeuw, 2013). Defensins were first identified by
Lehrer et al. (1980), following separation and purification from rabbit alveolar macrophages.
These peptides can effectively kill Gram-positive and Gram-negative bacteria, certain fungi,
spirochetes, and enveloped viruses and play an important role in antiviral immunity (Wilde
et al., 1989; Lu and de Leeuw, 2013). Human neutrophil peptide-1 (HNP-1) is an important
defense molecule in neutrophils. In 1994, the HNP-1 cDNA was restructured into the pBabe/
neo plasmid vector and transfected into mouse macrophages that did not contain endogenous
defensin for in vitro culture (Yan and Chen, 2001). Because Sertoli cells are non-immune cells,
they are widely applicable in the field of transplantation; in addition, these cells induce inflam-
matory cell infiltration to prevent the attack of allosome cells (Yu and Hu, 2010). Thus, we
transfected the recombinant eukaryotic expression plasmid pEGFP-N3-HNP-1 into in vitro-
cultured bovine Sertoli cells and fibroblast cells using the liposome transfection method. We
examined the ability of Sertoli cells to resist transfection compared to fibroblast cells, deter-
mined cellular behaviors, and provide background for the development of transgenic animals
with a high anti-infection ability and no rejection reaction.

MATERIAL AND METHODS
HNP-1 purification

Total RNA was extracted from human blood using cold Trizol reagent (Invitrogen;
Carlsbad, CA, USA). Total RNA expression was analyzed by reverse transcription-poly-
merase chain reaction (RT-PCR) using the high-capacity cDNA Reverse Transcription Kit
(Applied Biosystems; Foster City, CA, USA). The glyceraldehyde 3-phosphate dehydroge-
nase gene was used as a control. Primers were designed based on the HNP-1 cDNA sequence
(No. NM_004084.3) in the GenBank database using the Premier 5.0 and the oligo6 software.
Restriction site for EcoRI and BamHI were included on the forward and reverse primers,
respectively. Primers were synthesized by the BGI Tech Company (Beijing, China); primer
sequences are shown in Table 1.

PCR was performed as follows: pre-denaturation for 5 min at 94°C, denaturation for
30 s at 94°C, annealing for 30 s at 58°C, and extension for 40 s at 72°C; a total of 30 cycles
was used, followed by extension for 10 min at 72°C. After purification, the PCR amplification
product was cloned into the pMD18-T vector (Takara; China) incubated at 16°C overnight,
then transformed into Top 10 competent cells (Takara; Shiga, Japan). Positive recombinant
plasmids were screened by ampicillin and PCR, digested by endonuclease, and sequenced by
the BGI Tech Company.
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Table 1. Information of the primers.

Primer Sequence Product (bp)
GAPDH-upper 5'-AgCCACATCgCTCAgACAC-3' 472
GAPDH-lower 5'-gAggCATTgCTgATgATCTTg-3' 472
HNP-1-upper 5'-ggAATTCTATgAggACCCTCgCCATCCTTgCTgC-3" 294
HNP-1-lower 5'-CgggATCCgCAgCAgAATgCCCAgAgTCTTC-3' 294

Construction of eukaryotic expression vectors pEGFP-N3-HNP-1

The eukaryotic expression vectors pEGFP-N3 and pMD18-T-HNP-1 were digested
by EcoRI and BamHI at 37°C for 3 h. The HNP-1 and pEGFP-N3 fragments were ligated into
the vectors by T4 DNA ligase. These products were amplified, the plasmid was extracted using
the Endo-free Plasmid Mini Kit I (Omega Bio-Tek; Norcross, VA, USA), and the sample was
preserved at -20°C until transfection.

Cell culture and transfection of the plasmids pEGFP-N3-HNP-1 and pEGFP-N3

The skin tissue of 2-3-month fetal bovine and newborn bovine testis were recovered
and transported to the lab within 4 h from the slaughterhouse at Harbin Modern Biological
Technology Co., Ltd. (Harbin, Japan). Primary cultures of Sertoli and fibroblast cells were
conducted as reported previously (Zheng et al., 2012; Yu et al., 2013). The pEGFP-N3-HNP-1
plasmid was transfected into Sertoli and fibroblast cells using Lipofectamine 2000 (Life Tech-
nologies; Carlsbad, CA, USA); the pEGFP-N3 plasmid was used as a positive control. Trans-
fection efficiency and expression were evaluated at 24, 48, and 72 h under a fluorescence
microscope. Total RNA was extracted from the 2 cell types at 48 h after transfection using
Trizol reagent. Following RT-PCR and PCR, the products were evaluated by 1.5% agarose gel
electrophoresis. Next, 600 pg/mL G418 was added to screen for positive cells and the culture
medium was changed every 3-4 days. The behaviors of the transfected cells were observed for
more than 10 weeks. Cell culture and transfection experiments for the pEGFP-N3-HNP-1 and
pEGFP-N3 plasmids were repeated 6 times.

Statistical analysis

The transfection efficiency was considered as the percentage of positive cells in 1000
cells. Cell survival time was the period after which 90% of positive cells were dead after
2 weeks of transfection. All results were counted under a fluorescent inverted microscope
(magnification 400X, 20 vision random) using the mean + standard deviation to express the
experimental data using the CoStat software.

RESULTS

HNP-1 gene cloning, eukaryotic expression vector pEGFP-N3-HNP-1 construction,
and identification

The 294-bp specific amplification band was obtained by RT-PCR and PCR (Figure 1),
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confirming that the product was the HNP-1 gene sequence. Thus, the HNP-1 gene was suc-
cessfully cloned. A diagram for construction of the eukaryotic expression vector pEGFP-N3-
HNP-1 is shown in Figure 2. Two fragments were obtained (4.7 + 0.3 kb) after double-diges-
tion of the plasmid with EcoRI and BamHI (Figure 3). The size and direction of the fragments
were correct according to the sequencing results as conducted by the Beijing BGI Tech Com-
pany. Thus, the pEGFP-N3-HNP-1 plasmid was successfully constructed.

M 1 1 1 1

Figure 1. Cloning and identification of the HNP-1 gene. Lane M = DL2000 marker; lane | = HNP-1.
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Figure 2. Map of plasmid pEGFP-N3-HNP-1 construction.
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1 2 3 4 M
Figure 3. Double digestion of recombinant plasmid pEGFP-N3-HNP-1 by EcoRI and BamHI. Lane I = plasmid
of pEGFP-N3; lanes 2-3 = recombinant plasmid pEGFP-N3-HNP-1; lane 4 = HNP-1; lane M = DL2000 marker.

Testing of transfected HNP-1 gene mRNA expression product

At 48 h after transfecting the plasmids pEGFP-N3-HNP-1 and pEGFP-N3, respec-
tively, the RNA was extracted from the Sertoli cells and fibroblast cells. RT-PCR and PCR
showed that a 294-bp fragment was present in cells with transfected plasmid pEGFP-N3-
HNP-1 but not in the control group cells (Figure 4). The PCR result showed that the HNP-1
gene has been integrated into the donor cell’s genome.

1 2 3 4 M 5

Figure 4. PCR analysis of positive clones. Lane I = Sertoli cells transfected with vector pEGFP-N3; lane 2 =
fibroblast cells transfected with vector pPEGFP-N3; lane 3 = Sertoli cells transfected with vector pPEGFP-N3-HNP-1;
lane 4 =fibroblast cells transfected with vector pPEGFP-N3-HNP-1; lane 5 = HNP-1 DNA; lane M = DL2000 marker.

Cell fluorescence expression after transfection and transfection efficiency

Fluorescence images are shown in Figure 5 at 24, 48, and 72 h after the two cell types
were transfected with the pEGFP-N3-HNP-1 and pEGFP-N3 plasmids. At 24 h, green fluores-
cence began to appear in fibroblast and Sertoli cells. The fluorescence intensity in control group
cells transfected with pPEGFP-N3 was significantly higher than that in the experimental group
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transfected with the PEGFP-N3-HNP-1 plasmid. The fluorescence intensity was strongest at 48 h.

The transfection efficiency is shown in Table 2 at 24, 48, and 72 h. The transfec-
tion efficiencies of fibroblast cells that had been transfected with the pEGFP-N3-HNP-1 and
pEGFP-N3 plasmids were both higher than those of Sertoli cells (P < 0.05). The transfection
efficiency of fibroblast cells that had been transfected with the pEGFP-N3-HNP-1 plasmid
was clearly lower than those transfected with the pEGFP-N3 plasmid (P < 0.05). The transfec-
tion efficiency of Sertoli cells that had been transfected with the pEGFP-N3-HNP-1 plasmid
was lower than that of cells transfected with the pEGFP-N3 plasmid (P < 0.05).

The survival time of transfected cells is shown in Table 3. After transfection, the sur-
vival of fibroblast cells containing the pEGFP-N3-HNP-1 plasmid was significantly different
(P < 0.05) from cells containing the pEGFP-N3 plasmid, while the survival did not signifi-
cantly differ (P < 0.05) from that of Sertoli cells.

Figure 5. Observation of the cell fluorescence expresstion at different times (100X). F = fibroblast cells; S = Sertoli
cells. 1 = transfected plasmid pEGFP-N3-HNP-1 at 24 h; 2 = transfected plasmid pEGFP-N3-HNP-1 at 48 h; 3 =
transfected plasmid pEGFP-N3-HNP-1 at 72 h; 4 = transfected plasmid pEGFP-N3 at 24 h; 5 = transfected plasmid
pEGFP-N3 at 48 h; 6 = transfected plasmid pEGFP-N3 at 72 h.

Table 2. Cell transfection effciency at different times.

Name 24h 48 h 72h
Transfection efficiency (%) Transfection efficiency (%) Transfection efficiency (%)

F-H 6.89 £ 0.14¢ 10.65 + 0.24° 9.08 £0.17°

F-N 12.06 +0.28° 29.69 +1.32¢ 10.34 +£0.17

S-H 5.50+0.12¢ 7.93 +0.14° 7.69 +0.12¢

S-N 7.84+£0.11° 9.62 +0.12% 8.73 +£0.09"

F = fibroblast cells; S = Sertoli cells; H = transfected with plasmid pEGFP-N3-HNP-1; N = transfected with
plasmid pEGFP-N3. Groups with different letters were significantly different (P < 0.05).

Table 3. Transfection effect at cell survival time.

Fibroblast cells Sertoli cells
pEGFP-N3-HNP-1 pEGFP-N3 pEGFP-N3-HNP-1 pEGFP-N3
Cell survival time (day) 26 +4.07° 47.5 +4.62¢ 19.5+£2.79" 23.5 4+ 3.94°

Groups with different letters were significantly different (P < 0.05).
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Behavior of transfected cells

Cellular morphology and growth status changes were not obvious within 72 h after
transfection. The appropriate concentration of G418 was added to the culture dishes at 72 h
to screen for positive cells. The cells showed long spindles beginning 1 week later (Figure 6
F1, S1) and deformed to a polygon shape 2 weeks later (Figure 6 F2, S2). The early enhanced
green fluorescent protein (EGFP) gene evenly filled the cytoplasm and nucleus (Figure 6 F1,
F2, S1, S2) in 2 weeks, after which the cells stopped dividing. Three weeks later, the cell
volume began to increase, irregular diffuse growth appeared, and long spindle and polygon
shapes were observed. The cells elongated with pseudopodia, the intra cytoplasmic vacuoles
increased (Figure 6 F3-F6, S3-S6), and the cells became more adherent so that they were no
longer easily removed from the Petri dishes. The nucleus became round, the cytoplasm con-
densed, the chromatin edge of the nucleus began to shrink, and chromatin density increased.
The cells became multinucleated, the cellular skeleton was deformed, EGFP localized in the
nucleus, the fluorescence intensity in the nucleus was significantly higher than in the cyto-
plasm (Figure 6 F4, S3), and the cells began losing the ability to divide; the cells died gradu-
ally. Negative cells showed no significant changes after 4 weeks of culture. The dying cells at
10 weeks are shown in Figure 6 F7-8, S7-8.

Si S2 S3 S4 S5 S6 S7 S8

Figure 6. Observation of the cell (10X, stabe 400 pm). F = fibroblast cells; S = Sertoli cells. 1 = transfecion after 1
week; 2 = transfecion after 2 weeks; 3-6 = transfecion after 4 weeks; 7-8 = transfecion at 10 weeks.

DISCUSSION

At 48 h, EGFP expression was higher because the cells were in the relatively strong
growth period and showed active protein synthesis, including synthesis of EGFP. Positive
cells grew and divided after transfection. Most cells stopped dividing 2 weeks later. Nearly all
cells lost the ability to divide 3 weeks later, and some cells lived for more than 2 months. The
defense ability was clearly interfered with heterologous protein during normal cellular growth
and division.

In Table 2, the transfection efficiencies of fibroblast cells containing the pEGFP-N3-
HNP-1 and pEGFP-N3 plasmids were both higher than the transfection efficiencies of Sertoli
cells. The transfection efficiencies of cells transfected with the pEGFP-N3-HNP-1 plasmid for
both cell types were clearly lower than those in cells transfected with the pEGFP-N3 plasmid.
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Thus, the ability of Sertoli cells to resist transfection was higher than that of fibroblast cells.
This result may be closely related to the specific physiological function of Sertoli cells (Sun,
2011). The mammalian seminiferous tubule cavity is mainly composed of testicular Sertoli cells.
The blood-testis barrier is composed of Sertoli cells, blood vessel endothelial basement mem-
brane, connective tissue, and seminiferous tubule baseline, which are very closely associated
(Syed and Hecht, 2002). The blood-testis barrier prevents the immune response (Arambepola et
al., 1998). The ability of the two cell types to resist transfection of the pEGFP-N3-HNP-1 plas-
mid was higher than that for cells containing the pEGFP-N3 plasmid, which might be because
of the different molecular weights of the pEGFP-N3-HNP-1 and pEGFP-N3 plasmids.

Table 3 shows that the survival of transfected fibroblast cells significantly differed
(P < 0.05) after transfection with the pEGFP-N3-HNP-1 and pEGFP-N3 plasmids, but the
survival of transfected Sertoli cells was not significantly different (P < 0.05). The injury to the
Sertoli cells following transfection with HNP-1 had less of an impact than it did on fibroblast
cells. Previous studies have shown that Sertoli cells contain various types of lysosomes that
digest material in cells through active pinocytosis. Defensins not only have biological activity,
but also show strong cytotoxicity. The cytotoxic activity of defensin depends in part on the
target cell membrane, lipid composition, and the metabolic activity of target cells (Zhang and
Xu, 2007). In addition, a variety of cytokines from Sertoli cells form a cytokine network in the
testicles and adjust the immune function of the testis. Numerous studies have confirmed that
the immunity function of the testes is sustained by the Sertoli cells (Whitmore et al., 1985;
Cameron et al., 1990).

The survival of transfected fibroblast cells was significantly different (P < 0.05) after
transfection with the pEGFP-N3-HNP-1 and pEGFP-N3 plasmids. The cellular immune re-
sponse system may have been induced when the exogenous genes entered the cell so that the in-
jury to the Sertoli cells caused by transfection with HNP-1 was less than that to fibroblast cells.

In summary, the plasmid pEGFP-N3-HNP-1 was successfully constructed. The cells
achieved maximum transfection efficiency at 48 h. Two weeks after transfection, the cells
began to lose the ability to divide. The ability of Sertoli cells to resist transfection was higher
than that of fibroblast cells. The ability of the 2 cell types to resist transfection with the plasmid
pEGFP-N3-HNP-1 was higher than that for the plasmid pEGFP-N3. The injury to Sertoli cells
by transfection with the HNP-1 gene was reduced compared to fibroblast cells, which may be
closely related with the specific physiological function of Sertoli cells.
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