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Overexpression of Integrin-associated Protein (CD47) in Rat Kidney Treated with

a Renal Carcinogen, Ferric Nitrilotriacetate
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An iron chelate, ferric nitrilotriacetate (Fe-NTA), induces renal proximal tubular necrosis, a
consequence of free radical-associated damage, that ultimately leads to a polycystic change of the
renal cortex and a high incidence of renal cell carcinoma (RCC) in rodents. The differential display
technique was used to search for inducible genes in the kidney of male Wistar rats treated with
Fe-NTA and in the induced RCCs. Six fragments were selected that showed specific gquantitative
changes in mRNA. Two of them exhibited similar patterns in northern blots as well. One fragment
showed a high homology (89%) to murine integrin-associated protein (IAP; CD47), We thus cloned
rat IAP ¢DNA including the entire coding region for use in further analysis. Rat IAP cDNA showed
a 21-amino-acid deletion that was also observed in human, but not in mouse. Northern blots revealed
that IAP was consistently overexpressed in non-tumorcus parts of the kidney (2.4-fold increase, n=
9, P<0.0001) as compared with matched controls 1 to 2 years after Fe-NTA t{reatment. JIAP
overexpression of more than 2.9-fold was found in 25% (2/8) of RCCs studied, and was limited to
cases of a high histological grade and lung metastasis. Unexpectedly, IAP expression was higher in the
non-tumorous part of the kidney after Fe-NTA treatment (2.8-fold) than in RCC (1.5-feld) in each
case (n=4, P<0.05). Abundant expression of IAP mRNA in the renal tubular epithelium after Fe-
NTA treatment and RCC cells was observed by in situ hybridization. The results suggest that IAP
overexpression may be associated with Fe-NTA-induced renal cortical tubular damage and regenera-
tion that lead to a polycystic stafe, and with tumor progression and metastasis of the induced RCCs.
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Nitrilotriacetic acid (NTA) is a synthetic aminotricar-
boxylic acid that efficiently forms water-soluble chelate
complexes with several metal cations at neutral pH. NTA
has been used as a substitute for polyphosphates in deter-
gents for household and hospital use in the U.8., Canada
and Europe.” An experimental model of iron overload
was developed by the use of ferric nitrilotriacetate (Fe-
NTA).? Later, repeated i.p. administration of Fe-NTA
was reported to induce acute and subacute renal proxi-
mal tubular damage and subsequent development of
renal cell carcinoma (RCC) in rats and mice at a high
incidence (60-92%).>*% We have thus far shown that
these lesions induced by Fe-NTA are mediated by reac-
tive oxygen species (ROS).*® Little is known, however,
about the change in gene expression in response to the
oxidative stress mediated by Fe-NTA.

Fe-NTA-induced RCCs resemble their human coun-
terparts with regard to epithelial origin, invasive and
metastatic potential, and histological appearance.” We

*To whom correspondence and reprint requests should be
addressed.

The sequence reported in this paper has been deposited in the
GenBank data base (accession no. D87659).
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have recently reported a low frequency of ras and p53
gene mutations in this renal carcinogenesis model.” In
human RCCs, the cancer-related genes are still under
investigation, although it has been shown that the von
Hippel-Lindau gene is involved in 579% of RCCs of the
clear cell subtype.’® In the present study, we undertook
to identify unique genes that change their expression
during renal proximal tubular damage, regeneration and
renal carcinogenesis by the use of a differential display
(DD) method.

MATERIALS AND METHODS

Animals Male specific-pathogen-free Wistar rats
(Shizuoka Laboratory Animal Center, Shizuoka} were
used. Three kinds of studies, a time-course study of the
acute phase (<24 h after single administration: acute
study), a subacute study (1 and 6 weeks) and a carcino-
genesis study, were started using rats of 130-150 g (6
weeks of age). They were kept in stainless steel cages and
given commercial rat chow (Funabashi F-2, Chiba) as
well as deionized water (Millipore Japan, Osaka) ad
libitum.

Fe-NTA treatment procedure Fe-NTA solution was



prepared as previously described. Animals of the acute
study received i.p. Fe-NTA injection at 15 mg Fe/kg
body weight and were killed after 1, 3, 6, 16, and 24 h.
Animals of the subacute and carcinogenesis studies re-
ceived injections according to the following protocol: 5
mg Fe/kg X3 days, 10 mg Fe/kgX3 days (1 week), 1-
day break; plus (10 mg Fe/kg X5 days, 2-days break) X
5 weeks (6 weeks), or X 11 weeks (carcinogenesis proto-
col) as previously described.” Animals of the NTA group
received the NTA portion of the Fe-NTA soclution.
Animals were killed 24 h after the final administration in
subacute studies (1 and 6 weeks). The details of the
induced RCCs have been described.” Kidneys were
stored frozen at —80°C for further experiments.

RNA isolation and differential display Total RNA was
isolated from each frozen tissue by means of a modified
acid guanidinivm phenol chloroform method (Isogen,
Nippon Gene, Tokyo). RNA was treated with RNase-
free DNase using a Messageclean kit { GenHunter Corp.,
Brookline, MA). Differential mRNA display was per-
formed using RNA map kits A (GenHunter Corp.)
according to the manufacturer’s recommendation.
Briefly, 0.1 g of total RNA was transcribed with the
anchored primers [d(T),-NG/NC/NA/NT]. Then PCR
was done using the corresponding anchored primers and
one of the three arbitrary 10-mers (AP-1: 5'-AGCCAG-
CGAA-3', AP-2: 5-GACCGCTTGT-3’ and AP-3: 5'-
AGGTGACCGT-3") in the presence of [*S]dATP
(Amersham, Arlington Heights, IL). The PCR samples
were loaded on a 6% sequencing gel. The fragments
showing specific expression were cut from the dried gel
and reamplified using the corresponding primer set.
Cloning and ¢cDNA sequencing of fragments selected by
differential display Reamplified cDNAs extracted from
sequencing gel were cloned into the PCR II vector using
the TA cloning kit (Invitrogen, San Diego, CA). The
plasmid DNAs were sequenced according to the manu-
facturer’s procedure using a Sequenase kit (United States
Biochemical Co., Cleveland, OH).

Isolation of cDNA of rat IAP Based on the mouse and
human c¢DNA sequences of integrin-associated protein
(IAP) and our clone, we PCR-amplified cDINA of rat
IAP from the first strand of the cDNA used in DD. The
forward primer was 5-TGATCCAGACACCTGCG-3,
and the reverse was 5-AGTCCGTCACTTCCCTTCA-
3’. The PCR product of 1012 bp was cloned into the
PCR II vector using the TA cloning kit and sequenced.
Neorthern blot analysis Cloned rat JAP ¢cDNA including
the entire coding region was digested with EcoR I
(Takara, Tokyo). Probes were radiolabeled with [c-
2pP]dCTP (Amersham) using a Megaprime kit
(Amersham). Fifteen or 20 pg of total RNA was elec-
trophoresed on 1% formaldehyde agarose gel, trans-
ferred onto a nylon membrane and hybridized to rat IAP
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c¢DNA. The signal of B-actin probe'” was used as a
control for mRNA expression. Densitometric determina-
tion and imaging were carried out by use of a Bioimaging
Analyzer System (BAS2000, Fuji, Tokyo).

In situ hybridization To obtain the RNA probe, IAP
cDNA fragment (570 bp) (5'-TGCTCCAGACACCT-
GCG, 3'-CCAGAACAGGAGTATAGCCA) was am-
plified by PCR and then cloned using a TA cloning kit.
Digoxigenin (dig)-labeled RNA probe was transcribed
using T7 and SP6 RNA polymerase with a dig-RNA-
labeling kit (Boehringer Mannheim, Penzberg, Ger-
many} according to the manufacturer’s protocol. Frozen
tissues of RCCs and the non-tumorous part of the renal
cortex in the carcinogenesis study (Fe-NTA treatment)
were cut at 9 um in a cryostat and processed for in situ
hybridization.'® The slides were fixed with 4% paraform-
aldehyde in (.05 M phosphate-buffered saline (PBS) at
room temperature (RT) for 10 min, treated with 10 11g/
mi proteinase K for 10 min at 37°C, and then postfixed
with 4% paraformaldehyde in 0.05 M PBS at RT for 1
min, followed by five further washes: 0.01 M PBS at RT
for 1 min, 0.2 N HCI at RT for 10 min, 0.01 M PBS at
RT for 1 min, 0.1 M triethanolamine with 0.25% acetic
anhydride and 0.01 M PBS. The slides were prehybrid-
ized for at least 10 min at 42°C with hybridization
solution containing 50% deionized formamide and 2 X
saline sodium citrate (S8SC). Then they were incubated
with hybridization solution (50% formamide, transfer
RNA 1pug/ml, 2X88C, sperm DNA 1 gg/ml, BSA 1 g/
ml, dextran sulfate 1 pg/ml) (20 ul/slide) containing
dig-cRNA (final concentration 0.1-1.0 gg/ml) at 42°C
for 16 h. Finally they were washed in 50% formamide
and 2 X88C at 50°C for 40 min, in NTE buffer (0.5 N
NacCl, 10 mM Tris-HCI (pH 8.0), 1 mM EDTA) at 37°C
for 10 min, in NTE buffer containing 20 #g/ml RNase at
37°C for 30 min, in NTE buffer at 37°C for 10 min, in 2
X 88C at 42°C for 20 min and twice in 0.2 XSSC at 42°C
for 20 min. For immunodetection of the signal, a DIG
nucleic acid detection kit (Boehringer Mannheim) was
used according to the manufacturer’s protocol.
Statistics Statistical analyses were performed by using
an unpaired ¢ test, which was modified for unequal
variances when necessary.

RESULTS

Differential display For the DD analysis, we used three
arbitrary primers and four anchored primers for a time-
course study (control; 1, 3, 6, 16 and 24 h after single
Fe-NTA administration; 1 and 6 weeks of repeated Fe-
NTA administration) and for analysis of 3 RCCs (No. 3,
14 and 39 of Table I; Fig. 1a). Subsequently, we selected
six fragments, the expression of which specifically de-
creased or increased in accordance with treatment period
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Table I. Histology and IAP Expression of Rat Renal Cell Carcinomas Produced by Fe-NTA

i i ) E; i f IAP
No. Histological type® Metastasis xpresi;on :)
of case Structure Cell type Grading Size (mm)* and invasion Tumor On-pl.;rlr_iorous
39 solid and tubular common, granular G2>G3 30 lung, kidney, liver 0.85 NAY
and peritoneum
4 solid and papillary granular and pleomorphic G2 10 {(—) 0.86 NA
14 papillary, tubular common, granular G2 20 hung 2.9 NA
and cystic (mixed)
17  solid plecmorphic G3 50 lung, peritoneum 1.2 2.8
24 solid pleomorphic G3 20 lung 4.7 NA
26  cystic and tubular common, mixed Gl 25 (—) 1.6 34
34 solid and tubular common, granular G1>G2 35 kidney 1.6 2.7
39 solid granular and pleomorphic G2>G3>Gl1 20 (—) 1.8 1.8
a) Histological classification was according to the modified WHOQ classification.®
b) Size indicates maximal diameter.
¢) Cases 3 and 4 are multiple RCCs of a single rat, respectively.
d) NA, not available.
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Fig. 1. a, Differentially expressed mRNAs in the kidney at different time points after Fe-NTA administration and in the
Fe-NTA-induced RCCs. mRNA was reverse-transcribed with d{T),:NC and an arbitrary 10-mer (AP-1). Lanes 1-11 corre-
spond to: 0, 1, 3, 6, 16 and 24 h (lanes 1-6) after single i.p. administration of 15 mg Fe/kg Fe-NTA; 1 and 6 week (lanes 7 and
8) after repeated i.p. administration of Fe-NTA and three Fe-NTA-induced RCCs (No. 3, 14 and 39 of Table I; lanes 9-11).
Arrows indicate differentially expressed candidate cDNAs (single arrow, c-1; double arrow, g-1). b, Northern blot analysis and
its histogram at different time points after Fe-NTA administration. Lanes 1-8: 0, 1, 3, 6, 16 and 24 h; 1 and 6 week. Top, ¢-1;
bottom, g-1. See “Materials and Methods” for details.

or carcinogenesis. Two fragments showed the same pat- increase in expression with time. The other fragment (g-
tern both by DD and northern blot analyses (Fig. 1b). 1, ~320 bp) showed a temporary increase in expression
One fragment (c-1, ~260 bp) showed a continuous  at the acute phase and decreased at 1 and 6 weeks. We
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CT ATC CAA CCT CCT AGG AAT AGG TGA agggaagtgacggact
11

AGCCAGCGAA ct ata caa cct cct agg aat aac tga agggaagtgacggact

(arbitrary primer)

gtaacttggaagtcagaaatggaagaatacagtigtctaagcacea ggtctic

FELEREEE FERVRITE T e e

gtaacttgaaagtcagaaatggaagaatacagttgtctgageaccatggectte

acgactcacagcetggaaggaacagacaacagtaactgactteecate
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acaactcacagctggaaggaacacacaacagtgactgactticatctety

Fig. 2. Nucleotide sequence of c-1. c-1 cDNA fragment sequence and the mouse IAP sequence obtained from GenBank are

compared.

IAF-Rat MWPLAAALLL GSCCCGSACQL LFSKYKISVEF TRICNE[TVYIP 50
[AP-mouse MWP LMAALLL GSEICCGSAQL LFBNVNSHIEF TBCNETYVIP 50
|AP-human MWPLVAALLL GSACCGSAQL LFENKTKSHEF TFCHP[TYVIP 50
IAP-Rat TDEMFIVKWKE NKSY{IFIYDG NKINSTTREQGN |[FINSAKIBVSP 108
|AP-mouse TEEMFIVKWKL NKSY[IFIYDG NKNSTITTPAN (FSAKIBNVSD 100
JAP-human TTEMYIVKWKF KGRDHTFDG ALNKSTNVPTD [FRSAKIENSD 100
IAP-Rat HEAN¥--V|G NYTCEVTELE (REG [ELK NRp--=—=== —————— -~ 131
|AP-mouse RPAM--ViG NYTCEVTELS |REG TELK NRTAFNTDOG SACSYEEEKG 148
IAP-human SDANVSHTG NYTCEVTEL[ |REGETHIELK pRF-——-—== ———r—ee——— 132
IAP-Rat -——PIVSWFSIT [NEKHLIVIFP ILIAILLFWGK |FGILTLKYK[S SHTNKRIfIL[: 177
fAP-mouse GCKLVSWFSP NEK[ILIVIFP i(LA}LLFWGK IFGILITLKYKS BHTNKRI|IL|L 198
FAP-human ———VIVSWFSP INENILIVIFP IFAILLFWGR [FGIKTLKYR|S GEGMDEKT|IRAL 179
tAP-Rat I VV[YGAILFIP LGLIY|[I[STGI LILLlY v F 227
|AP~-mouse I VNVGAILLIP LGLIV{iSTG! LILLDYNVF 248
IAP-human I V{I[YGAILFYP LGLIV[[STGI LILLHYNMVFS 229
lAP-Rat TA “TSF I ALL[IT GlY MLANWVGMCILC IMACEPNHGP LLISGLE[I] 271
|AP-mouse TA TSFE AYLPT GlY MLALNWGLCLC IMACEIPNHGP LLISGLf| 298
lAP—human TAGLTSFT ALLY TQV[PAY [HLAMYGLSILC TAAC([PMHGP LLISGLE 278
|AP-Rat KFYASNQR|TI QPPRN 3¢3
1AP-mouse KFYASNORT| CQPPRNR 324
lAP-humsan KFVASNOK[TI QPPRNN 305

Fig. 3. Amino acid sequences of rat, mouse and human IAP. (-) indicates deletion.

sequenced them and searched for homology by BLAST
analyses (Human Genome Center, Institute of Medical
Science, University of Tokyo). c-1 was found to have a
high homology (89%) (Fig. 2) to mouse integrin-
associated protein (IAP; CD47). However, g-1 showed
no significant correlation with any published sequence. In

the present study, cDNA of rat IAP-homologue was
cloned, sequenced and analyzed. Screening of the cDNA
library for the g-1 fragment is in progress.

¢DNA strecture of rat IAP By cDNA cloning of rat
IAP, a fragment of 1012 bp was obtained. The amino
acid sequence data are shown in Fig. 3. Rat IAP was
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Fig. 4. Northern blot analysis of IAP. Total RNA of each tissue was hybridized with rat IAP ¢cDNA (1012 bp) and S-actin.
Radioactivity of bands was measured by densitometry and the results were corrected based on the S-actin hybridization level.
Relative mRNA expression levels were calculated as the ratio of sample to control (kidney from normal untreated 5-week-old
rat). C, Cl, C2, age-matched control; N, non-tumorous part of the kidney; T, tumor (RCC). a-1, RCCs and non-tumorous part
of the kidney. Lanes 1-14: C, 17(T), 17(N), 26(T), 26(N), 34(T), 34(N), 39(T), 39(N), 3(T), 4(T), 14(T), 24(T). Case
numbers correspond to those of Table I. a-2, Histogram of a-1. b-1, Kidneys of Fe-NTA-treated rats in which RCC was not
induced. Lanes 1-9: N1, NTA, Cl, C2, 12 [436 days], 31 [554 days], 32 [554 days], 66 [571 days], 41 [597 days] }. Nl is a
kidney from a 1-year-old normal [689 days] untreated rat. b-2, Histogram of b-1.

more homologous to that of mouse, except for a 21-
amino-acid (63 bp) deletion observed in rat and human
IAP, but not in mouse IAP.
Northern blot analysis of IAP Northern blot analyses
were done on the following samples with our rat IAP
c¢DNA probe in addition to chronological kidney samples
after Fe-NTA treatment (Fig. 1b); 1) Fe-NTA-induced
RCCs and adjacent non-tumorous parts of the kidney
(Fig. 4a), 2) kidneys of Fe-NTA-treated rats in which
RCC was not induced (Fig. 4b). In all northern blot
analyses two bands (1.4-kilobase and 6-kilobase) were
observed, as described by Campbell et al.'¥

IAP expression was increased in all the non-tumorous
kidney samples after Fe-NTA {reatment in the carcino-
genesis study, whether RCC was observed or not (2.4-
fold on average; n =9, P<0.0001). There was no statisti-
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cally significant difference in the level of IAP overexpres-
sion in the non-tumorous kidneys whether RCC was
induced or not. IAP expression was also increased in 2
out of 8 RCC cases (2.9- and 4.7-fold; Table I). These 2
cases exhibited a high-grade histology (Fig. 5b) and lung
metastasis. Furthermore, when each RCC was compared
with the adjacent non-tumorous part of the kidney, IAP
expression was higher in the non-tumorous part of the
kidney (2.8-fold) than in the RCC (1.5-fold) (n =4, P<
0.05; Table I).

Histology Histology of all the specimens used in north-
ern blot analysis was examined. Degeneration of renal
proximal tubules began 3 h after single Fe-NTA adminis-
tration and necrosis became prominent at 16 to 24 h.
After 1 or 6 weeks of repeated Fe-NTA treatment, little
necrosis was observed, but regenerative proximal tubules
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Fig. 5. a, Histology of renal cortex 1 year after treatment with Fe-NTA (No. 66 of Fig. 4, b-1 and b-2). Dilatation of renal
proximal tubules (polycystic change) that contain some regenerative atypical cells. Fibrosis, infiltration of inflammatory cells
and capillary proliferation in the interstitium are also seen. b, Histology of renal cell carcinoma (No. 24 of Fig. 4, a-1, a-2 and

Table I). Proliferation of atypical cells with solid nest formation is seen. (Hematoxylin and eosin, X85).

containing atypical karyomegalic cells were seen. One to
2 years after Fe-NTA treatment for 12 weeks, renal
cortical tubules were dilated and epithelial cells became
more flattened and showed a polycystic appearance.
Atypical or dysplastic cells were frequently observed in
the proximal tubules. In the interstitium, fibrosis with
proliferation of fibroblasts and capillary vessels, and in-
filiration of lymphoid cells were also seen (Fig. 5a).
Kidneys of NTA-treated animals showed no apparent
difference from those of untreated control animals (data
not shown). Table I summarizes the pathological data of
RCCs. Fig. 5b shows the histology of an RCC that
showed a high TAP expression with lung metastasis.

In situ hybridization In situ hybridization study showed
an abundant expression of IAP mRNA in the renal
tubular epithelium 1 year after treatment with Fe-NTA
and RCC cells compared with renal tubular epithelium
after 1-week treatment with Fe-NTA (Fig. 6, a, b and c).

DISCUSSION

IAP is a 50-kID membrane protein copurified with the
integrin ayBs from placenta.'* '™ Functionally, IAP has a
role in the activation of leukocytes associated with leuko-
cyte response integrin. It has a single extracellular IgV-
like domain and multiple membrane-spanning seg-
ments.!” Recently, it was found that TAP is physically
and functionally associated with the integrin a5 vitro-
nectin receptor and is involved in the increase in intra-
cellular calcium concentration, which occurs upon cell
adhesion to extracellular matrix.!>'9

IAP is probably the same protein as CD47 glycopro-
tein and OA3, originally reported as an ovarian tumor

marker.'>'” TAP is a broadly distributed protein present
in all hematopoietic cells, epithelial cells, endothelial
cells, fibroblasts, and tumor cell lines.'* "' Therefore, it
is thought that IAP has a rather general function or an
association with other integrins such as integrin avS:. In
our northern blot analyses, IAP was expressed in all the
organs examined (heart, lung, liver, spleen, kidney,
breast, intestine and testis: data not shown).

We have cloned rat IAP cDNA including the entire
coding region. The sequence of rat IAP ¢cDNA has not
been reported previcusly. Rat IAP is more homologous
in amino acid sequence to mouse IAP (85%) than to
human IAP (70%). However, the 63 bp deletion found
in the extracellular domain of rat IAP was observed in
human, but not in mouse. Rat and mouse are evolution-
arily close, but this deletion appears to have occurred
during their brief divergence and has remained in the
human genome.

In our study, overexpression of IAP in non-tumorous
parts of the kidney was prominent in the chronic phase
after 1 year and high IAP expression was seen in some of
the induced RCCs (Fig. 4, a and b). Histologically, there
were distinct morphological changes in the chronic
phase. Cyst formation, regenerated tubular epithelium
with cellular atypia, growth of capillaries in the inter-
stitium, infiltration of inflammatory cells and fibrosis
were observed (Fig. 5a). By in situ hybridization more
abundant expression of TAP mRNA in renal tubular
epithelium than in glomeruli and interstitium was shown
(Fig. 6b). These data confirm that there is an overexpres-
sion of JAP mRNA in the renal tubular epithelium.
Therefore, renal cortex inciuding renal tubular epitheli-
um appears to be in a state of abnormal cell-cell or
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Fig. 6. Expression of IAP mRNA by in situ hybridization using digoxigenin-labeled mRNA. a, Renal tubular epithelium
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week after treatment with Fe-NTA. b, Renal tubular epithelium 1 year after treatment with Fe-NTA. ¢, Renal cell carcinoma.
Note abundant expression of IAP in the renal tubular epithelium 1 year after treatment with Fe-NTA and in the renal cell
carcinoma cells compared with renal tubular epithelium after 1-week treatment with Fe-NTA. -1, anti-sense; -2, sense. X 340.

cell-matrix signal transduction, especially regarding Ca®*
influx.'®* In a recent report, PKD2 was identified as a
candidate gene for polycystic kidney disease.””’ PKD2
protein has an amino acid sequence similarity with the
family of voltage-activated calcium channels. It is possi-
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ble that abnormal Ca®' transport associated with IAP
overexpression may accelerate renal polycystic changes.
On the other hand, it is known that acquired cystic
kidney disease in patients receiving long-term dialysis is a
risk factor for RCCs. >



Overexpression of IAP was seen in some of the RCC
cases by northern blotting. In situ hybridization study
showed that RCCs themselves overexpressed TAP (Fig.
6c¢). In a recent study, overexpression of integrin av3; on
melanoma cell line was suggested to be a key player in
cell invasion.?” On the other hand, overexpression of
TAP has been reported on another melanoma cell line.?”
Of note was the fact that RCCs with high IAP expression
metastasized to the lung, though the opposite was not
true (Table I). It appears that high expression of IAP
corresponds to a state of loose connection of epithelial
cells, such as a renal polycystic state or high-grade RCC.
As IAP is associated with integrin avf;,' these data
suggest that IAP has a role in tumor invasion and metas-
tasis.

The DD technique is a powerful and simple method to
detect altered gene expression.” However, there are
sometimes false-positives, and many modified methods
have been proposed.’®*” We applied the DD technique
using an RNA map kit to detect chronological changes in
the kidney treated with Fe-NTA. We used a variety of
samples as a set from the acute study, chronic study and
the induced RCCs. We carefully selected fragments that
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consistently showed specific guantitative changes to min-
imize false-positives. Using three arbitrary primers, the
IAP gene was identified as an Fe-NTA-inducible gene,
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