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Preparation of a Monoclonal Antibody Specific for Human Stanniocalcin
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Stanniocalcin (STC) is a glycoprotein hormone that was first identified in fish, where it regulates the calcium
level in the body fluid. The cDNA which encodes human STC has recently been reported but the function has not
been completely elucidated. We have prepared a monoclonal antibody against human STC using an analogous
peptide of the putative antigenic domain in human STC; it was conjugated with keyhole limpet hemocyanin
(KLH). The monoclonal antibody specifically stained the distal convoluted tubules in human kidney which is a
putative target organ of STC. The ELISA was established using the monoclonal antibody and recombinant
human STC as a standard antigen. The monoclonal antibody prepared in this study provides a useful tool for

clinical studies of STC in human.
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Stanniocalcin (STC) is a glycoprotein hormone that was
first isolated from bony fishes. In fish, STC is synthesized
and secreted by the corpuscles of Stannius, a unique en-
docrine gland in fish, that is associated with the surface of
the kidney. The major function of fish STC is to regulate
blood calcium levels by decreasing the calcium ion uptake in
the gill from the aquatic environment (reviewed by Hirano,"
and Wagner”). The structure of fish STCs has been eluci-
dated by deducing from the nucleotide sequences of Aus-
tralian eel” and coho salmon® of STC cDNA, and by deter-
mining the complete amino acid sequence of chum salmon
STC?. From the characteristic analysis of fish STCs, the pro-
teins are revealed to be homodimeric forms with molecular
weights ranging from 39 to 54kDa, and do not have se-
quence similarities to calcitonin, parathyroid hormone, and
parathyroid hormone-related protein of mammals. So far,
STC has been regarded to be a unique hormone in fish be-
cause the corpuscles of Stannius and gill do not exist in
mammals.

Recently, mammalian ¢cDNAs encoding STC were ob-
tained from human®” and mouse.” These amino acid se-
quences deduced from the cDNAs were found to have high
sequence homology with fish STC. All half-Cys residues and
a glycosylation consensus sequence in mammalian cDNA
encoding STC were located in positions homologous to those
in the fish STC. The expression of the mRNA of human (h-)
STC was up-regulated by calcium ions in vitro.” h-STC has
been reported to regulate calcium and phosphate ion excre-
tion and/or reabsorption in the kidney,” and STC-immunore-
active cells are found in the kidney.”*'? Unlike the STC of
fish, the mRNA of h-STC is expressed in multiple tissues,*”
suggesting that h-STC may have additional functions differ-
ent from fish STC. However, the functional significance of h-
STC in multiple tissues has not been identified. To clarify the
function of h-STC, therefore, preparation of a monoclonal
antibody (MoAb) specific for h-STC is desirable.

In this study we prepared a MoAb, termed 9D12E, which
recognizes h-STC using an analogous peptide which corre-
sponds to a putative antigenic domain of h-STC as an anti-
gen.

* To whom correspondence should be addressed.

MATERIALS AND METHODS

Materials The synthetic 20-mer-peptide was purchased
from Iwaki Glass Co, Ltd. (Tokyo, Japan). Keyhole limpet
hemocyanin (KLH) and m-maleimidobenzoyl-N-hydroxysuc-
cinimide ester (MBS) were purchased from Sigma Chemicals
(St. Louis, U.S.A.). Recombinant h-STC was prepared ac-
cording to the method described by Olsen et al.” All other
chemicals were reagent grade from commercial sources.

Preparation of MoAb The synthetic h-STC peptide
CYNRLVRSLLEADEDTVSTI (127—145), in which the
137th alanine residue was substituted with cysteine, and a
cysteine residue was supplemented at the N-terminus of the
peptide, was used as an antigen (Fig. 1). The synthetic pep-
tide was conjugated to KLH through the thiol group of cys-
teine of the N-terminus of the peptide according to the
method of Imajoh-Ohmi et al.'” Briefly, 16 mg of KLH dis-
solved in 1ml of 0.01 m phosphate buffer, pH 7.2, was re-
acted with 2.6 mg of MBS dissolved in 0.1 ml of dimethyl-
formamide at 25 °C. After 30 min, excess MBS was removed
by a Sephadex G-25 column, then the resulting MBS-reacted
KLH solution (1 mg/ml, 0.6 ml) was added to the peptide so-
lution (3 mg in 1.8 ml of 0.1 M Na,HPO,). The reaction mix-
ture was stirred for 6h at room temperature. The resulting
peptide-KLH conjugate was stored at —20 °C until use.

The immunization in mouse and preparation of MoAb
were performed according to conventional procedures. Fe-
male BALB/c mice (8 weeks old) were immunized intrader-
mally with peptide-KLLH conjugate (20 pg peptide/mouse) in
PBS emulsified with an equal volume of Freund’s complete
adjuvant. After 2 and 4 weeks, mice were further immunized
with 20 g of the peptide-KLH conjugate in PBS emulsified
with Freund’s incomplete adjuvant. Seven days after the third
immunization, the mice received a booster intraperitoneal in-
jection of 20 ug of peptide-KLH in PBS without adjuvant.
After four days the mice were sacrificed, and spleen cells
were collected.

The spleen cells were fused with SP2/0-Agl4 myeloma
cells in the presence of 50% polyethylene glycol 1500. The
hybridomas obtained were screened for production of the an-
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tibody to the peptide by a non-competitive ELISA method.
Hybridoma cells producing the antibody were cloned by a
limiting dilution method using mouse thymocytes as feeder
cells. Thus, a clonal hybridoma cell line was established. The
cells were implanted intraperitoneally in BALB/c mice pre-
treated with 0.5 ml of pristan. Subsequently, ascites fluid con-
taining the MoAb was obtained.

The MoAb was purified from the ascites fluid by affinity
chromatography on a Protein A-Sepharose (Pharmacia LKB,
Uppsula, Sweden) column following ammonium sulfate pre-
cipitation. The purified MoAb was stored at —20°C until
use.

Preparation of Polyclonal Antibody Recombinant h-
STC (100 pg/ml in PBS) was emulsified with an equal vol-
ume of Freund’s complete adjuvant and was injected (1 ml
each) into rabbit six times at 2-week intervals. Blood was
collected from the carotid artery, then the sera were sepa-
rated. A polyclonal antibody was obtained from the sera
using a recombinant h-STC binding Sepharose 4B according
to the manufacturer’s instructions. The eluate was dialyzed
against PBS and stored at —20 °C until use.

Western Blotting Sodium dodecyl sulfate polyacry-
lamide gel electrophoresis (SDS-PAGE) of the recombinant
h-STC dissolved in sample buffer in the presence of 1% 2-
mercaptoethanol was performed according to the method de-
scribed by Laemmli'? using 10% polyacrylamide gel. The
apparent molecular weight of recombinant h-STC was esti-
mated by a molecular weight marker (GibcoBRL, MD,
U.S.A.). After electrophoresis, the proteins on the gel were
transferred to a polyvinylidene difluoride (PVDF) membrane
(Millipore, MA, U.S.A.) by the method of Towbin et al.'”
The membrane was blocked with 1% BSA in PBS at room
temperature for 1h. After washing with PBS containing
0.1% tween 20, the membrane was incubated with the MoAb
(3 ul/ml) at 4 °C overnight. Then the membrane was washed
three times and subsequently incubated with horseradish per-
oxidase (HRP)-conjugated anti-mouse IgG (1:5000, Kirke-
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gaard Lab., MA, U.S.A.) at room temperature for 1 h. Stain-
ing of the membrane was performed in diaminobentidine-
hydrochloride and 0.03% H,0, solution.

ELISA A 96-well plate (No. 2595, Costar, MA, U.S.A.)
was incubated at 4°C overnight with 50 ul of the MoAb
(1 pg/ml) in 0.05m bicarbonate buffer (pH 9.5). A plate
coated with the antibody was then incubated with 1% BSA in
PBS for 1h at room temperature. 50 ul of recombinant h-
STC serially diluted with 1% BSA was added to the well and
incubated at 37°C for 1h. After three washings with PBS,
50 ul of anti-recombinant STC polyclonal antibody (2 g/ml)
was added and incubated at 37°C for 1h. After washing,
50 ul of 1:5000 diluted goat anti-rabbit IgG conjugated with
HRP (Kirkegaard Lab., MA, U.S.A.) was added and incu-
bated at 37 °C for | h. After washing, 50 l of o-phenylendi-
amine solution was added and incubated for 30 min at room
temperature. The peroxidase reaction was stopped by 2N-
H,S80,, and the absorbance of 492 nm was measured by a
plate reader.

Immunohistochemistry Human kidney tissues obtained
from the Department of Pathology, Tohoku University Hos-
pital, were immediately fixed in 4% paraformaldehyde for 2 h
at room temperature. They were dehydrated in a series of in-
creasing concentrations of ethanol and embedded in paraffin.
The specimens were sectioned at 2 um and then mounted on
glass slides.

Immunohistochemical staining was performed using the
MoAb, and a commercially-available avidin-biotin-peroxi-
dase system (Vectastain ABC-mouse IgG kit). Briefly, after
deparaffinization of the section, endogenous peroxidase was
blocked by treatment with 0.3% H,0, in methanol for 30
min. After blocking of non specific protein binding with 10%
normal goat serum in PBS for 30 min, the MoADb (3 1) was
added to a final concentration of 3 tg/ml and incubated
overnight at room temperature. Biotinylated anti-mouse IgG
was then added, and the avidin-biotin-peroxidase reaction
was initiated. The enzyme activity was developed with di-
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FSPNSPSDVARCLNGALDVGCGTFACLENS

2,Mouse STC MLQNSAVILALVISAAATHEAEQNDS VSPRKSRVAAQNSAEVVRCLNSALQVGCGAFACLENS
3, Human STC MLQNSAVLLVLVISASATHEAEQNDS VSPRKSRVAAQNSAEVVRCLNSALQVGCGAFACLENS
40 50 60 70 80 90 100
+ + + + + + +
1, Salmon TCDTDGMHDICQLFFHTAATFNTQGKTFVKESLRCIANGVTSKVFQT IRRCGVFQRMISEVQEECYSRLD
2, Mouse TCDTDGMYDICKSFLYSAAKFDTQGKAFVKESLKCTANGI TSKVFLAIRRCSTFQRMIAEVQEDCYSKLN
3, Human TCDTDGMYD ICKSFLYSAAKFDTQGKAFVKESLKCIANGVTSKVFLAIRRCSTFQRMIAEVQEECYSKLN
110 120 130 140 150 160 170
+ + + + } + +
1, Salmon TCGVARSNPEAIGEVVQVPAHFPNRYYSTLLQSLLACDEETVAVVRAGLVARLGPDMETLFQLLQNKHCP
2, Mouse VCSIAKRNPEAITEVIQLPNHFSNRYYNRLVRSLLECDEDTVSTIRDSLMEKTGPNMASLFHILQTDHCA
3, Human VCSTAKRNPEATTEVVQLPNHFSNRYYNRLVRSLLECDEDTVST IRDSLMEK I GPNMASLFHILQTDHCA
Peptide as antigen CYNRLVRSLLEADEDTVSTI
180 190 200 210
+ + + +
1, Salmon QGSNQGPNS
2, Mouse QTHPRADFNRRRTNEPQKLKVLLRNLRGTGDSPSHIKRTSQESA
3, Human QTHPRADFNRRRTNEPQKLKVLLRNLRGEEDSPSHIKRTSHESA

Fig. 1. Comparison of Amino Acid Sequences of Stanniocalcin and a Peptide Used in the Preparation of MoAb as an Antigen

The sequences are taken from salmon,” mouse,” and human.®
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aminobenzidine tetrahydrochloride as the substrate, and the
slides were finally counterstained in methyl green solution.
As a control, a section was stained with the same MoAb pre-
absorbed with recombinant STC (30 yg/mi).

RESULTS AND DISCUSSION

Polyclonal antibodies against h-STC,” as well as those
against fish-STC'*'® have been prepared through immu-
nization with recombinant STC protein. There are, howev-
er, no reports for obtaining MoAb specific for h-STC. The
reason for this can be attributed to the identical sequence
of the deduced mature protein of h-STC and that of mouse-
STC® (Fig. 1). To obtain the MoAb, we used an analogous
peptide corresponding to a possible antigenic domain of h-
STC as an antigen. The domain was screened by employ-
ing hydrophilicity, secondary structure, and homology search
analysis. The fragment consisting of amino acid residues
from 127 to 145 of the deduced amino acid sequence of h-
STC, which has high hydrophilic property with no homology

A B
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Fig. 2. Western Blotting of Recombinant h-STC

Electrophoresis was carried out on 1ug of sample after reduction by 2-mercap-
toethanol. A, Proteins are stained with MoAb (3 ug/ml); B, stained with Coomassie
blue. The apparent molecular weights of the marker proteins are given on the right.
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to any published sequences in human proteins, was chosen as
a possible antigenic domain.

The synthetic h-STC peptide CYNRLVRSLLEADEDT-
VSTI, which was substituted with an amino acid residue (A
for C137 of h-STC), was used to prepare the MoAb as an
antigen. One hybridoma clone, termed 9E12D, which pro-
duces monoclonal anti-peptide antibody was prepared by fus-
ing mouse myeloma cells with spleen cells from mice immu-
nized with the peptide. The isotype of the MoAb was IgG,,,
which was determined by a mouse monoclonal sub-isotyping
kit. The reactivity of the MoAb with h-STC was examined in
the three ways: Western blotting, ELISA, and immunohisto-
chemistry. In Western blotting, the MoAb reacted with the
protein band (M.W. of 25kDa) of recombinant h-STC (Fig.
2). As shown in Fig. 3, a sandwich ELISA was developed by
combining the MoAb and anti-recombinant h-STC poly-
clonal antibody (rabbit). The recombinant h-STC was mea-
sured in a dose-dependent manner. The minimum measurable
concentration of h-STC was 100 ng/ml by this assay system.
Next, to examine whether the MoAb recognize the native
STC of human origin, the binding ability of the MoAb was
checked by immunohistochemical staining on human kidney
section. As shown in Fig. 4, the MoAD stained the distal con-
voluted tubules specifically, and did not stain other cells such
as glomeruli, loops of Henle, smooth muscle cells, or hepato-
cytes. The staining reaction in the proximal tubules was abol-
ished following pretreatment with recombinant h-STC. These
results suggested that the MoAb prepared against the peptide
recognized native h-STC in human kidney specifically. Fur-
ther immunohistochemical study using the MoAb is in
progress to localize the other tissues that expressed STC
mRNA.

The physiological activities of STC in mammals have been
studied. Recombinant h-STC has a regulatory effect on cal-
cium and phosphate metabolism in rat kidney and intestine in
vitro'™'® which was similar to the function of fish STC.
However, h-STC differ from the fish-STC in terms of mRNA
expression. Fish STC mRNA is expressed only in the corpus-
cles of Stannius, while h-STC mRNA seem to be expressed
in multiple tissues.*” These findings suggest that h-STC may
exert additional influence on other tissues. On the other hand,

0.D.(492nm)
+
3.000
2.000
1.000 |+
0.000 " . . . . . . ) , 1-STC
0 0.016 0.031 0.063 0.125 0.25 05 1.0 2.0 (ug/mi)

Fig. 3. Dose—Response Curve of Recombinant h-STC Using the Sandwich ELISA as Described in “Materials and Methods”
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Fig. 4.

A, stained with the MoAb (3 ug/ml); B, stained with the same MoAb preabsorbed
with recombinant h-STC (30 pg/ml).

Immunostaining of Human Kidney

before the discovery of h-STC, several researchers report-
ed that salmon STC and its fragment peptide have effects on
the metabolism of mammalian bone!*~2"; the question of
whether h-STC has the same function remains to be studied.
To date, the physiological functions of h-STC are not com-
pletely elucidated. The MoAb for specific h-STC prepared in
this study would be a useful tool not only for understanding
the roles of h-STC in human but also for investigation of the

clinical significance of STC using diagnostic procedures.
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