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Monoclonal and Polyclonal Antibodies Against Human
Ferritin, a Nonspecific Tumor Marker
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ABSTRACT

The aim of this study was to produce monoclonal and polyclonal antibodies against a nonspecific tumor marker,
human ferritin. Hyperimmune ICR mice produced polyclonal antibodies after injection with 0.5 mL pristane,
and were injected with NS-1 myeloma cells 2 weeks later. Hyperimmune Balb/c mice were used for the pro-
duction of monoclonal antibodies (MAbs). Mice were immunized four times, given a final boost, and their
spleen cells were collected and fused with NS-1 myeloma cells under the presence of PEG 1500. The fused
cells were then selected in the HAT-RPMIX medium. Anti-ferritin antibody-secreting hybridoma cell lines
with high titer were cloned by enzyme-linked immunoadsorbent assay (ELISA) and then subcloned by limit-
ing dilution in 15% fetal bovine serum (FBS) HT-RPMIX medium. Five murine hybridoma-producing anti-
ferritin MAbs were obtained and designated 1AD11F9, 1AD11E11, 2AD11D2, 2AD11A5, and 3AD11G8. Iso-
types of these MAbs were identified as IgM heavy chain and k light chain. Hitrap Protein A and Hitrap IgM
purification column were used for the purification of polyclonal and monoclonal antibodies, respectively.
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INTRODUCTION

FERRITINS are a class of iron storage protein widely distrib-
uted in vertebrates, invertebrates, plants, fungi, and bacte-

ria.(1,2) In addition to iron storage, ferritin acts as a cytoprotec-
tive antioxidant (iron sequestrant) in pancreatic b-cells and
endothelial cells, regulates the expression of globin genes in
erythroid cells, and represses mRNA translation and prolifera-
tion of myeloid progenitor cells.(3)

Ferritin has generally been thought to function as a “house
keeper” storage protein that can release iron required for cel-
lular proliferation (e.g., ribonucleotide reductase) and metabolic
renewal (e.g., cytochrome synthesis). Ferritin may also play a
protective role against toxic effects of iron overload in cells.(3)

Elevated levels of available iron can also promote growth of
tumors(4) and infectious microorganisms.(5) At extremely ele-
vated iron levels, ferritin can be disproportionately increased,(6)

however, an increased level of ferritin is known as a nonspe-
cific marker of inflammatory processes and neoplasms. Sera of

patients with a variety of tumors (e.g., human breast cancer,(7)

renal cell carcinoma,(8,9) hepatocellular carcinoma,(10,11) larynx
cancer and malignant neoplasms of maxill(12) etc.) or signifi-
cant disease (e.g., HIV infection, Still’s disease, leukocytosis,
reactive hemophagocytic syndrome(13) etc) are known to have
an elevated ferritin level.

In this study, we produced anti-ferritin antibodies including
polyclonal and monoclonal antibodies for application in the de-
velopment of tumor marker immunosensors.

MATERIALS AND METHODS

The NS-1 myeloma cell line was a gift from Dr. Rong Huay
Juang in the Agriculture Chemistry Department of Taiwan Uni-
versity, Taiwan, R.O.C. Balb/c mice and ICR mice (6- to 8-
week-old, male) were obtained from the Experimental Animal
Center of the Medical College of National Taiwan University,
R.O.C.
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Balb/c and ICR mice were given an initial intraperitoneal
(i.p.) immunization with 50-mg purified antigen in complete
Freund’s adjuvant (Gibco, Grand Island, NY) and then boosted
the antigen in incomplete Freund’s adjuvant (Gibco) at 3-week
intervals. After 3 months, the ICR mice produced ascites and
the spleens from the Balb/c mice were used in the production
of hybridoma cells.(14,15)

The hyperimmunized ICR mice were injected with 0.5 mL
pristane (2,6,10,14-tetramethyldecanoic acid). Two weeks later,
mice were injected with 106 NS-1 cells. The fluid was tapped
when the mice were noticeably enlarged, but before the mice
had difficulty moving. After centrifugation at 3000 3 g for 10
min, supernatant was removed and the oil layer discarded.(15)

Five days before fusion and at least 3 weeks after the previ-
ous infection, a hyperimmunized mouse was given a final boost
of 50 mg antigen in phosphate-buffered saline (PBS) (pH 7.0).
The spleen was then removed and spleen cells (108) fused with
NS-1 myeloma cells (107) using PEG 1500. Fused cells were
selected in hypoxanthine, aminopterine, and thymidine (HAT)-
RPMIX medium. Anti-ferritin antibody-secreting hybridoma
cell lines with high titer were cloned by ELISA and then sub-
cloned by limiting dilution in 15% fetal bovine serum (FBS)
HT-RPMIX medium.(14,15)

The production of MAbs was scaled up by tissue culture in
flasks and ascitic fluid in mice.

Cultures were allowed to grow until the hybridomas died,
and tissue culture supernatants were collected. Debris was re-
moved by centrifugation (1000 3 g, 10 min) and supernatants
were decanted from the cell pellet.(14,15) Supernatant titer was
determined by ELISA.

Prime Balb/c mice were injected i.p. with 0.5 mL pristane
or incomplete Freund’s adjuvant. After 7–14 days, mice were
injected i.p. with 5 3 105–5 3 106 hybridoma cells in 0.5 mL
PBS (5 mM phosphate buffer, 0.15 M NaCl, pH 7.0). Ascitic
fluid began to build up within 1–2 weeks and was tapped when
the mouse was noticeably enlarged, but before the mouse had

difficulty moving. The fluid was incubated at 37°C for 1 h and
maintained at 4°C overnight. After centrifugation at 3000 3 g,
10 min, supernatant was removed and the oil layer dis-
carded.(14,15)

Fifty micrograms per milliliter of antigen (human ferritin)
was adsorbed into a 96-well microtiter plate at 4°C overnight.
After coating, the plate was washed twice with PBS. 0.2 mL
gelatin-NET solution (gelatin 0.5%, NaCl 0.15 M, EDTA ? 2
Na 5 mM. Tween 20 0.05%, Tris base 50 mM, pH 8.0) was
added for blocking at room temperature. After 1 h, the plate
was washed twice with PBST (NaH2PO4 ? 2H2O 10 mM, NaCl
0.13 M, Tween 20 0.05%, pH 7.0). 0.1 mL antibody solution
was added to the wells and incubated at 37°C for 30 min, then
4°C for 30 min. After antibody–antigen reaction, the plate was
washed three times with PBST and 0.1 mL peroxidase conju-
gated goat anti-mouse antibody was added to the wells and in-
cubated at 37°C for 30 min, then at 4°C for 30 min. After 1 h
of incubation, the plate was washed three times with PBST and
the enzyme substrate, H2O2 and ABTS was added. Absorbance
of the colored reaction product at 405 nm was measured by an
automated ELISA reader (MR5000, Dynatech).(14,15)

Monoclonal antibodies characterization

Monoclonal cell culture supernatant (0.1 mL) was added to
the ELISA plate, which had adsorbed the antigen. After 1-h in-
cubation at room temperature, the plate was washed three times
with PBST. Eight kinds of isotype goat anti-mouse Ig-peroxi-
dase conjugates were then added to the plate for 1 h of incu-
bation. The plate was washed three times with PBST and ab-
sorbance at 405 nm was measured.

Purification of polyclonal antibodies using Hitrap
protein A column

The sample was pretreated with ammonium sulfate precipi-
tation. The Hitrap protein A column was equilibrated with at
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FIG. 1. Selection for anti-human ferritin MAb-secreting hybridoma cell lines with high titer.



least two column volumes of starting buffer (20 mM sodium
phosphate, pH 7.0). It was then applied to the sample by pump-
ing it into the column which was washed with the starting buffer
for 10 column volumes or until no material appeared in the ef-
fluent and eluted with elution buffer (0.1 M citric acid buffer,
pH 5.0) 1–3 column volumes. The purified IgG fraction was
desalted by dialysis. Flow rates of washing and equilibration
were 4 mL/min, and rates of sample application and elution
were 2 mL/min.

Purification of MAbs using Hitrap IgM column

The sample was pretreated by ammonium sulfate precip-
itation. The Hitrap IgM column was washed with at least five
column volumes of binding buffer (20 mM sodium phos-
phate, 0.8 M ammonium sulphate, pH 7.5), elution buffer (20
mM sodium phosphate, pH 7.5) and regeneration buffer (20
mM sodium phosphate, pH 7.5 with 30% isopropanol). The
column was then equilibrated with five column volumes of
the binding buffer and the sample was applied by pumping
it into the column. Unbound materials were washed out with
at least 15 column volumes of binding buffer. The IgM was
eluted with 12 column volumes of elution buffer the column
was regenerated with 7 column volumes of regeneration
buffer. Flow rates of washing and equilibration were 4
mL/min, and rates of sample application and elution were 1
mL/min.

RESULTS

Ascites formation was induced in hyperimmune ICR mice
(serum titer 1:6000) when injected with pristane and then NS-
1 myeloma cells after two weeks. The highest dilution fold of
the ascites determined by ELISA was 3125-fold. The ascites
were purified using Hitrap protein A column. A single peak of

protein fraction (OD280 nm 5 2.8) was obtained when elution
buffer (Buffer B) was applied to the column (data not shown).

The five high-titer MAb-producing hybridoma cell lines se-
lected and designated 2AD11A5, 1AD11F9, 1AD11E11,
3AD11G8, and 2AD11D2 are shown in Fig. 1. The isotypes of
MAbs secreted by the five hybridoma cell lines were classified
as IgM heavy chain and k light chain using mouse-hybridoma
subtyping kit. When high-titer hybridoma was injected i.p. into
mice, a tumor formed locally or antibody-rich ascites devel-
oped. The titer curve of mouse anti-ferritin ascites produced
with hybridoma cell line 1AD11E11 is shown in Fig. 2. The
highest dilution fold of the hybridoma ascites determined by
ELISA was 3125-fold.

The ascites containing monoclonal anti-ferritin antibody
1AD11F9 was purified using Hitrap protein IgM column. An
affinity chromatogram is shown in Fig. 3. A single peak of pro-
tein fraction (OD280 nm 5 2.7) was obtained when elution buffer
(Buffer B) was applied to the column.

DISCUSSION

Ferritins are a type of complete antigen that when mixed with
Freund’s adjuvant can stimulate a good response after injection
in mice. A successful fusion procedure brings cells together
with an optimal frequency of interactions between the two “par-
ent” cell types. Unfused myeloma cells were dying out as a re-
sult of the aminopterin block. Spleen cells were dying out, with
the exception of macrophages and/or fibroblasts which might
be establishing themselves and beginning to divide.(14) There
appeared to be a correlation between the appearance of such
cells and subsequent good yield of hybrids. The cells were char-
acteristically round with a clear membrane under phase con-
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FIG. 2. Titer curve of anti-human ferritin ascites produced by
i.p. injection of mice with hybridoma cells 1AD11E11. The
Balb/c mice were injected with 0.5 mL pristane. After 7–14
days, the mice were injected i.p. with 105–106 hybridoma cells
in 0.5 mL PBS. The ascitic fluid built up within 1–2 weeks fol-
lowing the injection of the cells.

FIG. 3. Affinity chromatogram of Balb/c mice ascites pro-
ducing monoclonal anti-human ferritin antibodies 1AD11F9 us-
ing Hitrap IgM purification column. 10 mL of the hybridoma
ascites was applied into the column. The binding buffer (Buffer
A) is a solution with pH 7.5 containing 20 mM sodium phos-
phate and 0.8 M ammonium sulphate. The elution buffer (Buffer
B) is a 20 mM sodium phosphate with pH 7.5. Flow rates of
washing and equilibration were 4 mL/min, and rates of sample
application and elution were 1 mL/min with 1 mL/ fraction.



trast. When the medium in the culture turned yellow, the cul-
tures were screened to determine antibody production and pos-
itive colonies by ELISA were selected for expansion and sub-
cloning. Limiting dilution was performed by adding 15% FBS
HT-RPMIX medium to replace the conventional method. For
maintenance and expansion of MAb-producing hybridoma cell
lines, class and subclass were determined on MAb prepared in
culture, rather than in mice, to avoid other classes and sub-
classes, originating from the mouse model.

REFERENCES

1. Sun S, and Chasteen ND: Ferroxidase kinetics of horse spleen apo-
ferritin. J Biol Chem 1992;267:25160–25166.

2. Oddie GW, Gruen LC, Odgers GA, King LG, and Kortt AA: Iden-
tification and minimization of nonideal binding effects in BIAcore
analysis: ferritin/anti-ferritin Fab9 interactions as a model system.
Anal Biochem 1997;244:301–311.

3. Balla G, Jacob HS, Balla J, Rosenberg M, Nath K, Apple F, Eaton
JW, and Vercellotti GM: Ferritin: a cytoprotective antioxidant
strategem of endothelium. J Biol Chem 1992;267:18148–18153.

4. Stevens RG, Graubard BJ, Micozzi MS, Neriishi K, and Blumberg
BS: Moderate elevation of body iron level and increase risk of can-
cer occurrence and death. Int J Cancer 1994;56:364–369.

5. Weinberg ED: Iron and infection. Microbiol Rev 1978;42:45–66.
6. Sullivan JL, and Sullivan LG: Elevated serum ferritin level: asso-

ciated disease and clinical significance. Am J Med 1996;101:121.
7. Moroz C, Chetrit A, Kahn M, and Modan B: FBL (Ferritin bear-

ing lymphocytes) test as a predictive marker of breast cancer in
high risk women. Med Oncol 1997;14:39–42.

8. Ozen H, Uygur C, Sahin A, Tekgul S, Ergen A, and Remzi D: Clin-
ical significance of serum ferritin in patients with renal cell carci-
noma. Urology 1995;46:494–498.

9. Kirkali Z, Esen AA, Kirkali G, and Guner G: Ferritin: a tumor
marker expressed by renal cell carcinoma. Eur Urol 1995;28:
131–134.

10. Tatsuta M, Yamamura H, Iishi H, Kasugai H, and Okuda S: Value
of serum alpha-fetoprotein and ferritin in the diagnosis of hepato-
cellular carcinoma. Oncology 1986;43:306–310.

11. Ola SO, Akanji AO, and Ayoola EA: The diagnosis utility of serum
ferritin—estimation in patients with primary hepatocellular carci-
noma. Trop Geogr Med 1995;47:302–304.

12. Gierek T, Kokot F, Pilch J, Wiecek A, Paluch J, and Franek E: The
concentration of ferritin in blood of patients with neoplasms of the
larynx and the maxillary-ethmoidal complex. Otolaryngol Pol
1995;49:81–83.

13. Olive A, Junca J, Sullivan LG, Naranjo-Hernandez A, Koduri PR,
Shah PC, and Means RT: Elevated serum ferritin level: associated
diseases and clinical significance. Am J Med 1996;101:120–121.

14. Hurrell JGR: Monoclonal hybridoma antibodies: Techniques and
Application, CRC Press, Inc., Boca Raton, Florida, 1982.

15. Chuang ZH: Studies on sucrose synthetase from rice. Thesis of the
Graduated Institute of Agriculture Chemistry in National Taiwan
University, Taipei, Taiwan, 1985.

Address reprint requests to:
Dr. Chein-Yuan Chen

Department of Agricultural Chemistry
National Taiwan University, No. 1, Sec. 4

Roosevelt Road
Taipei 106

Taiwan, R.O.C.

E-mail: chenyuan@ccms.ntu.edu.tw

Received for publication April 11, 2000. Accepted after revi-
sions November 30, 2000.

CHOU AND CHEN62


