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Highly specific polyclonal rabbit antimetallothionein antibodies are isolated and characte- 
rized. The possibility of using these antibodies in immunohistochenical assay was verified 
on normal and tumor mammary tissues, the common metallothionein-positive models. 
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Metallothioneins (MT) is a family of inducible cyto- 
plasmic proteins (6.5 kD) consisting of 61 amino 
acid residues, of them 20 strictly arranged cystein 
residues are responsible for unique metal-binding 
properties [7]. MT-positive cells were immunoche- 
mically detected in various organs and tumors [1,5, 
13]. It was shown that MT participate in the storage 
and metabolism of essential metals (Zn, Cu, Mn, 
etc.) and elimination of toxic metals (Cd, Pb, Hg, 
etc.) [2]. MT possess antioxidant activity and protect 
cells and organisms from ionizing and UV radiation, 
chemical agents, and other inductors of free radical 
processes [2,11]. 

In the present study we describe isolation of 
rabbit polyclonal anti-MT antibodies and analysis of 
their specificity by enzyme-linked immunosorbent 
assay (ELISA) and demonstrate the possibility of 
using these antibodies for immunolocalization of MT 
in histological sections. 

MATERIALS AND METHODS 

Random-bred  male rats weighing 180+20 g were 
subcutaneously injected with CdCI 2 (0.2 ml, Chema- 
pol) in doses of 1 mg/kg on day 1 and 3 mg/kg 
during the subsequent 3 days. One day after the last 
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injection, the liver was removed and homogenized, 
and MT fraction was precipitated with alcohol and 
lyophilized [4]. The MT fraction was purified on a 
Sephadex G-75 preparative G-75 colunm (Phan'nacia), 
the MT-peak fractions were pooled, lyophilized, dis- 
solved and desalted on a Sephadex G-10 column 
(Pharmacia). MT was measured spectrophotometrically 
(Philips) (e220=48,200 M-~cm -~ at pH 1) [14]. 

MT aggregates prepared by incubation with an 
excess of glutaraldehyde (Serva) [6] were used for 
immunization. The immunogen consisting of inso- 
luble MT aggregates was resuspended by passing 
through a syringe and dialyzed against 20-fold volume 
of 0.01 M boron-borate buffer, pH 8.5 at 4~ for 24 
h and stored at -40~ Four Chinchilla rabbits weig- 
hing 2-2.5 kg were subcutaneously injected with 2 ml 
immunogen in Freund's  complete adjuvant (1:1, 
Calbiochem, multipoint injection regimen). The doses 
of MT for the 1st, 2nd (after 30 days), and 3rd (after 
90 days) were 1.5, 2, and 3.1 mg per rabbit, respec- 
tively. Blood was sampled on days 44, 60, and 100 
after the first immunization. 

The antigen was adsorbed on polystyrene plates 
(Nunc). To this end, 0.1 ml/well (0.2 ~tg/ml) MT in 
0.1 M carbonate buffer (pH 9.6) was incubated in 
the plates at 4~ for 18 h. At all stages of ELISA, 
free components were removed by 3-fold washout 
with a buffer containing 0.01 M phosphate buffer 
saline (pH 7.2), 0.85% NaC1, 0.05% Triton X-100 
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Fig. 1. Binding of antimetallolathionein antibodies to immobilized 
metallothionein. 
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Fig. 2. Standard curve of enzyme-linked immonosorbent assay for 
metallothionein. 

(Sigma), 0.01% sodium azide, and 0.01% bovine 
serum albumin (Serva). Optimal dilution of anti-MT 
for ELISA was determined by test binding of various 
anti-MT concentration to immobilized MT. Calibra- 
tion curve was constructed using competitive ELISA. 
To this end, 0.1 ml mixture of MT standards and 
diluted 1:20,000 anti-MT (1:1) were incubated for 18 
h at room temperature and transferred to wells with 
immobilized MT. The plates were incubated for 30 
min at 37~ washed, and incubated with 0.1 ml 
peroxidase-conjugated anti-rabbit IgG (1:100) at 
37~ for 30 min. The reaction was assessed photo- 
metrically (492 nm) using o-phenylene diamine as a 
chromogen substrate. 

Immunohistochemistry with anti-MT antibodies 
was performed on mammary gland tumor samples 
obtained during surgery. The samples from the boun- 
dary between the tumor and normal tissue were fixed 
in Bouin's fluid for 24 h and embedded in paraffin. 
Histological sections (7 g) were mounted onto poly- 
L-lysine-treated slides (Sigma) and deparaffinized. 
Endogenous peroxidase was blocked by 0.3% H202 
in Coons physiological saline (CPS) containing 0.01 
M phosphate buffer (pH 7.4) followed by washout 
with CPS containing 0.2% Triton X-100. The sec- 
tions were incubated with anti-MT (from 1:500 to 
1:8000) in a humidified chamber at 4~ for 18 h. 
Further procedures (3-fold washout with CPS, incu- 
bation with biotinylated anti-rabbit and streptavidin- 
peroxidase complex, and visualization of the marker 
enzyme with diaminobenzidine and hydrogen per- 
oxide) were performed according to Super Sensitive 
Anti-rabbit Immunostaining Kit manual (BioCenex). 
Finally, the sections were washed with CPS and 

distilled water, dehydrated in alcohols, treated with 
xylene and embedded in Entellan (Merck). To con- 
trol the specificity of immunohistochemical reaction, 
anti-MT was substituted with normal rabbit serum in 
the corresponding dilutions. 

R E S U L T S  

Production of antibodies against monomeric MT 
(titer from 1:1 to 1:4) was detected in Ouchterlony 
immunodiffusion test as soon as after the 2rid in- 
jection of immunogen (on day 44 after first im- 
munization). On day 100 of immunization (after the 
3rd injection) the antibody titer attained 1:8. Figures 
1 and 2 present binding curve and standard curve of 
competitive ELISA for MT, respectively. The sen- 
sitivity of ELISA for NT was no less than 40 ng. The 
major serum proteins albumin and hemoglobin in 
concentrations of 250 gg/ml and 16 mg/ml had no 
effect on the binding of anti-MT to immobilized 
MT, which confirms the specificity of anti-MT. 

TABLE 1. Intensity of Immunostaining in Myoepithelial Cells and 
Background Staining at Different Anti-MT Dilutions 

Dilution 
of anti-MT 

1:500 

1:1000 

1:2000 

1:4000 

1:8000 

Intensity of reaction 

immunostaining background 

Intense 

Intense 

Intense 

Quite intense 

Weak 

Quite intense 

Moderate 

Practically absent 

Absent 

Absent 
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Fig. 3, Infiltrating mammary gland carcinoma. Immunostaining for metatlothionein (MT) in normal and tumor tissues, antibody titer 1:2000. 
Streptavidin-biotin-peroxidase-complex method, diaminobenzibine, x320. a) normal mammary gland tissue. MT in myoepithelial cells of a 
distal Iobule and interlobular duct. b) peripheral tumor zone, enhanced MT expression in the zone of invasive tumor growth, c) central tumor 
zone. Negative reaction to MT. 
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In normal mamnaary gland tissue positive im- 
munochemical  reaction to MT was found in myo- 
epithelial cells of  distal lobules and ducts. This reac- 
tion was positive at all tested anti-MT concentra- 
tions, specific to background intensities was optimal 
at ant i -MT titer of  1:2000 (Fig. 3, a, Table 1). In 
peripheral tumor zones, enhanced positive staining 
was noted in myoepithelial  cells forming rings or 
semirings around actively proliferating tumor cells 
(Fig. 3, b). In the central  tumor  zones no MT- 
positive staining were usually noted (Fig. 3, c). 

Thus, we prepared rabbit polyclonal antibodies 
against rat MT and demonstrated their specificity and 
the possibility of using these antibodies for immuno-  
localization of  MT in histological sections. Since 
mammalian MT are not species specific [8], these 
antibodies can be used for MT identification in tis- 
sues of  other mammals including men. MT distribu- 
tion pattern in lmman normal and tumor mammary  
gland observed by us are consistent with published 
data obtained with the use of monoclonal anti-MT 
antibodies [10,12,13]. 

According to current views, MT participate in 
cell proliferation and differentiation and are markers 
of aggressive tumor  expansion and can play a role in 
chemotherapy of  tumors [3,10,12,15]. MT prevent 

carcinogenesis induced by some chemical toxicants 
and antitumor drugs [9]. 

REFERENCES 
1. D. Banerjee, S. Onosaka, and M. G. Cherian, Toxicology, 24, 

95-105 (1982). 
2. I. Bremner, Annu. Rev. Nutr., 10, 63-83 (1990). 
3. M. G. Cherian, P. C. Huang, and C. D. Klaassen, Cancer 

Res., 53, No. 4, 922-925 (1993). 
4. R. D. Comeau, K. W. McDonald, G. L. Tolman, et al., Prep. 

Biochem., 22, No. 2, 151-164 (1992). 
5. K. G. Danielson, S. Ohi, and P.C. Huang, Proc. Natl. Acad. 

Sci. USA, 79, 2301-2304 (1982). 
6. J. S. Garvey, Methods EnzymoL, 205, 141-171 (1991). 
7. J. H. R. Kagi and A. Schaffner, Biochemistry, 27, 8509-8511 

(1988). 
8. J. Kay. A. Cryer, B. M. Darke, et al., Int. J. Biochem., 23, 

No. 1, 1-5 (1991). 
9. J. S. Lazo and B. R. Pitt, Annu. Rev. Pharmacol. Toxicol., 

35, 635-653 (1995). 
10. T. Oyama, H. Takei, T. Hikino, et al., Oncology, 53, No. 2, 

112-117 (1996). 
11. M. Sato and I. Brerrmer, Free Radic. BioL Med., 14, 325- 

337 (1993). 
12. K. W. Schmid, I. O. Ellis, J. M. W. Gee, et al., Virchows 

Arch.[A], 422, No. 2, 153-159 (1993). 
13. K. Suzuki, K. Nakajima, U. Kawaharada, et al., J. Histochem. 

Cytochem., 26, No. 6, 601-617 (1993). 
14. M. Vassak, Methods Enzymol., 205, 44-47 (1991). 
15. T. Wlostowskii, Biometals, 6, 71-76 (1993). 


