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Abstract: To avoid the toxic effect of released nickel ions and compounds from conventional stainless steels, nickel-free
austenitic stainless steels have been developed. We previously established a new manufacturing process to produce
nickel-free austenitic stainless steel that involves nitrogen adsorption treatment. Although the cytocompatibility of nickelfree austenitic stainless steel produced using this method has been evaluated using two viability assay, molecular level
analysis, such as gene expression analysis, has not been previously performed. In the present study, the cytotoxicity of our
nickel-free austenitic stainless steel, as well as of commercially available metal materials, was evaluated by analysis of
heat shock protein 70B’ (HSP70B’) gene expression as a stress response marker. Furthermore, to investigate the effect of
metal materials on cytotoxicity, HSP70B’ gene expression was quantified using human osteoblast-like SaOS-2 cells, human monocyte THP-1 cells and the mouse macrophage cell line J774A.1. We found no significant differences in
HSP70B’ expression among the various metal materials, including the nickel-free austenitic stainless steel, indicating that
the nickel-free austenitic stainless steel produced using our nitrogen adsorption method has the same cytocompatibility as
commercially available metal materials.

INTRODUCTION
In order to avoid the toxic effect of released nickel ions
and compounds from conventional stainless steels, nickelfree austenitic stainless steels were developed [1-4]. Generally, nickel-free austenitic stainless steels are difficult to
work into fine foils and wires. To overcome this, we developed a new manufacturing process to produce nickel-free
austenitic stainless steel by nitrogen adsorption treatment [5].
The cytocompatibility of nickel-free austenitic stainless steel
produced using this nitrogen adsorption treatment has been
evaluated by two different cytotoxicity tests, which indicated
that this nickel-free austenitic stainless steel has higher cell
growth and cytocompatibility than other nickel-free austenitic stainless steels [6]. However, a molecular level analysis,
such as gene expression analysis, has never been performed.
The induction of heat shock protein (HSP) genes is a
potential marker of general cytotoxicity, due to the fact that
the expression of HSP genes can be substantially induced by
a wide range of stimuli [7,8]. The most prominent inducible
HSP is the 7,000 kDa protein, HSP70, and the expression of
HSP70 mRNA is a valuable tool for estimation of biomaterial cytotoxicity [9-14]. In humans, at least eleven HSP70
genes have been previously identified [15]. HSP70B' was
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cloned by Leung et al. [16] as a novel HSP70 gene, and studies have suggested that the mRNA expression of this gene is
greatly induced by cellular stresses and that its basal mRNA
expression level is lower than that of other HSP70 genes
[17,18]. Thus, HSP70B' may provide advantages in highsensitivity detection of cytotoxicity compared to HSP70.
In the present study, the cytotoxicity of nickel-free austenitic stainless steel produced by nitrogen adsorption treatment was evaluated by analysis of HSP70B’ gene expression
as a stress response marker.
MATERIALS AND METHODS
Materials
Nickel-free stainless steel Fe-24Cr-2Mo-1N, 18Cr-12Ni2Mo-0.02C, SUS316L, cpTi (JIS-2), titanium alloy Ti-6Al4V and Co-Cr-Mo alloy (ASTM F75-92) discs (diameter: 25
mm, thickness: 2 mm) were prepared by metallographically
polished. The prepared disc surfaces were then ultrasonically
cleaned with acetone (three x 1 min washes). Prior to seeding for culture, all discs were ultrasonically cleaned in 70%
ethanol (20 min), dried, and exposed to ultraviolet light for 3
min on each side.
Cells and Cell Culture
Human osteoblast-like SaOS-2 cells, derived from an
osteosarcoma (American Type Culture Collection ATCC
HTB 85) were routinely grown in McCoy’s 5A medium
supplemented with 10% fetal bovine serum (FBS) and 2 mM
2007 Bentham Science Publishers Ltd.
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mRNA Isolation, cDNA Synthesis and Real Time PCR
Each cell line was cultured on the various metals for 24
h. To quantitatively assess the cellular expression level of
HSP70B’, total RNA was isolated from each cell using
ISOGEN reagent (Nippongene, Japan) according to the
manufacturer’s instructions. Duplicate or triplicate samples
were combined to ensure sufficient amounts of RNA. Total
RNA was reversibly transcribed with a random hexamer
primer using the SuperScript III First-Strand Synthesis System for RT-PCR (Invitrogen Life Technologies, USA) according to the manufacturer’s instructions. Real time PCR
was performed using the ABI PRISM® 7000 sequence detection system (Applied Biosystems, USA). A 1 μl aliquot of
cDNA was mixed with 10 μl of 2x Master Mix from the
qPCRTM Mastermix Plus for SYBR® Green I QuickGoldStar kit (Eurogentec) and 1 μl of specific primer for human
HSP70B’ or human GAPDH. The primers for amplification
of HSP70B’ or GAPDH were 5’-CCGGCCCCATCATTGA
G-3’ and 5’-CCCATAGCATAGCCCTGACAGT-3’ or 5’CCCCCACCACACTGAATCTC-3’ and 5’-GCCCCTCCCC
TCTTCAAG-3’, respectively. The PCR procedure was as
previously described [19-22]. The results from four independent tests were evaluated using the Dunnet type multiple
comparison test.
RESULTS AND DISCUSSION
In order to investigate the effect of various metal materials on cytotoxicity at the gene expression level, HSP70B’
gene expression was quantified using human osteoblast-like
SaOS-2 cells, human monocyte THP-1 cells and a mouse
macrophage cell line J774A.1.
Human osteoblast-like SaOS-2 cells were seeded on our
nickel-free stainless Fe-24Cr-2Mo-1N and the commercially
available metal materials SUS316L, cpTi, Titanium alloy Ti6Al-4V and Co-Cr-Mo alloy. No differences were observed
in the initial adherent number among the metal materials
(this term includes our nickel-free stainless Fe-24Cr-2Mo1N unless otherwise noted) (data not shown). Analysis of
cell proliferation also revealed no differences among the
metal materials (data not shown). In addition, the morphology of seeded SaOS-2 cells, as determined by differential
interference contrast microscopy, did not differ among the
metal materials (Fig. 1).
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Fig. (1). Differential interference contrast microscopy pictures of
SaOS-2 cells seeded on Fe-24Cr-2Mo-1N (A), SUS316L (B), CoCr-Mo (C), c.p.Ti (D) and Ti-6Al-4V (E). Bar = 50 μm.

To investigate the effect of the metal materials on cytotoxicity, HSP70B’ gene expression was quantified by realtime PCR after 24 hour exposure to the metal materials. No
significant increase in HSP70B’ expression by the cells was
noted among any of the various metal materials or on tissue
culture polystyrene alone (negative control) whereas 1 mM
of NiCl2 induced HSP70B’ mRNA expression in SaOS-2
(Fig. 2).
0.4
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glutamine. Human monocyte THP-1 cells, derived from peripheral blood (ATCC TIB 202) were routinely grown in
RPMI1640 medium supplemented with 10% FBS and 2 mM
glutamine containing 0.05 mM 2-mercaptoethanol. Before
seeding on the metal samples, THP-1 cells were differentiated with 50 nM 12-myristate 13-acetate (PMA) for 72 h.
The differentiated THP-1 cells were adherent to the tissue
culture polystyrene. Mouse macrophage cell line J774A.1
(ATCC TIB 67) was cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% FBS. Each
cell was maintained in a fully humidified atmosphere consisting of 95% air/ 5% CO2 at 37°C, and passaged every
third or forth day. For analysis, SaOS-2 cells, THP-1 and
J774A.1 cells were seeded onto each disc in 6-well plates at
a density of 2 x 105 cells/well, 6 x 105 cells/well and 1 x 106
cells/well respectively, as well as onto tissue culture polystyrene without discs as the negative control. Cells were processed for RNA extraction as indicated below.
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Fig. (2). HSP70B’ mRNA levels of SaOS-2 cells seeded on Fe24Cr-2Mo-1N (1), SUS316L (2), Co-Cr-Mo (3) c.p.Ti (4), Ti-6Al4V (5), tissue culture polystyrene (TCPS) (6, as a negative control)
and TCPS + 1 mM NiCl2 (7, as a positive control). The levels of
HSP70B’ mRNA were determined by quantitative real-time PCR
and normalized against GAPDH. Results are representative of four
experiments. Error bars indicate the standard deviation of mean
changes. *p < 0.01 versus TCPS.

The seeding experiments were also reproduced with the
mouse macrophages cell line J774A.1 and human monocyte
THP-1 cells. Similar to SaOS-2 cells, the morphology of
seeded J774A.1 and THP-1 cells, as determined by differential interference contrast microscopy, did not differ among
the metal materials or tissue culture polystyrene alone (Fig. 3
for J774A.1 cells and Fig. 5 for THP-1 cells).
On the other hand, a significant increase in HSP70B’
expression by SaOS-2 and J774A.1 cells (Fig. 4), but not
THP-1 cells (Fig. 6), was observed for all the metal materials
and tissue culture polystyrene alone. Thus, these metal materials show little cytotoxicity to J774A.1 cells suggesting that
metal materials have different effects on various cell lines.
In a previous study using two different cytotoxicity tests
we found that nickel-free austenitic stainless steel produced
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by nitrogen adsorption treatment has higher cell growth and
cytocompatibility than other nickel-free austenitic stainless
steel [6]. In the present study, we found no significant difference in HSP70B’ expression among various metal materials,
including our nickel-free austenitic stainless steel, indicating
that nickel-free austenitic stainless steel produced by nitrogen adsorption treatment has the same cytocompatibility as
other commercially available metal materials.
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Fig. (6). HSP70B’ mRNA levels of THP-1 cells seeded on Fe24Cr-2Mo-1N (1), SUS316L (2), Co-Cr-Mo (3) c.p.Ti (4), Ti-6Al4V (5), TCPS (6, as a negative control) and TCPS + 1 mM NiCl2
(7, as a positive control). The levels of HSP70B’ mRNA were determined by quantitative real-time PCR and normalized against
GAPDH. Results are representative of four experiments. Error bars
indicate the standard deviation of mean changes. *p < 0.01 versus
TCPS.
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