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ABSTRACT
Fifteen nude mice were inoculated with a human neuroblas
toma cell line and 14 with a human primary hepatocellular carci
noma cell line. Human ferritins were detected in the sera of the
mice which developed tumors. Of 14 mice bearing human neu
roblastoma, 12 had human liver-type ferritin (8 to 52 ng/ml) in
their sera, and three of these also had HeLa-type ferritin (acidic
ferritin) (29 to 40 ng/ml). Of 10 nude mice bearing human primary
hepatocellular carcinoma, eight had human liver-type ferritin (10
to 820 ng/ml), and one of these had HeLa-type ferritin at a level
of 43 ng/ml.
Since the ferritins in the sera of these mice were produced by
the human tumor cells, these observations support the hypoth
esis that the elevated ferritins often found in the serum of patients
with cancer are, in part, derived from their tumors.
INTRODUCTION
Elevated serum ferritin levels are frequently observed in pa
tients with cancers such as Hodgkin's disease, breast cancer,
PHC,3 neuroblastoma, and others (4-6,11,12,15,16,
20). The
levels of serum ferritin often con-elate with tumor activity (11).
Increased amounts of serum ferritin in cancer patients could be
due to tissue damage caused by tumor invasion and/or to an
increase of unused iron associated with the chronic anemia seen
frequently in cancer. However, a possible explanation is that the
elevated ferritin detected in the patients' serum is derived from
the tumor itself.
We tested the latter hypothesis by transplanting human neu
roblastoma or PHC cells grown in tissue culture into nude mice.
Human ferritins were identified in the sera of almost all the mice
receiving transplants, thereby demonstrating the tumor origin of
the ferritin.

in roller bottles in RPM11640 containing 10% fetal bovine serum supple
mented with penicillin (100 ng/ml) and streptomycin (50 ng/ml) as modi
fied by the methods of Schlesinger ef al. (22) and Alexander er al. (1).
Transplantation of Tumor Cells in Nude Mice
Thirty nude mice (BALB/c-nu/nu) were maintained under specificpathogen-free conditions in clam shell incubators (Clean Room Products,
Bay Shore, NY). Each of 15 nude mice was inoculated s.c. in the dorsum
with 1 x 107 cells of CHP-100 in 0.5 ml of medium with a 20-gauge
needle using the method of Helson er al. (14). Each of 14 nude mice (one
died before transplantation) was inoculated s.c. in the dorsum with 7 x
106 cells of PLC/PRF/5 in 0.5 ml of medium with a 20-gauge needle
according to the method of Shouval er al. (23).
Isolation and Purification of Ferritins
Ferritins were extracted and purified from HeLa cells, normal mouse
liver, PHC, and neuroblastoma tumors grown in nude mice, using the
method described by Arosio er al. (3). Ferritin protein was estimated
using the method of Lowry er al. (17).
RIA for Human Ferritins
Blood samples were obtained from mice by orbital sinus bleeding
before transplantation and weekly after the tumor became palpable.
Because cancer cells produce ferritins with different immunological
specificities (8, 12, 13, 15), assays for both liver-type and HeLa-type
ferritins were used. The RIA techniques for human liver and HeLa ferritin
assays were basically similar except for the incubation times with ferritins
(labeled and unlabeled), antiferritin antibody, and secondary antibody.
Human Liver Ferritin Assay. RIA for human liver ferritin was con
ducted using anti-human liver ferritin (rabbit) and human liver ferritin as
standards (RIANEN Kits; New England Nuclear, Boston, MA). Incubation
time of cold ferritin (unknown samples or ferritin standards) with labeled
liver ferritin and anti-liver ferritin antibody was 60 min at 37Â°, and
incubation with the secondary antibody (anti-rabbit

i-globulin)

was 10

min at room temperature before centrifugation.
HeLa Ferritin Assay. Purified HeLa ferritin was labeled with 12SI

Human neuroblastoma cell line (CHP-100) (22) and human PHC cell
line (PLC/PRF/5) (1) were used for transplantation. CHP-100, a known

according to the method of Hazard er al. (13). The RIA procedure used
was that described originally by Marcus and Zinberg (18) and Niitsu er
al. (19) and modified by Hazard er al. (13). Ten Â»igof HeLa ferritin in 50
/Â¿I
of phosphate buffer (0.5 M, pH 7.5) were reacted with 1 mCi of 125I
(<5 n\) and 10 ^g of chtoramine-T at 0Â°for 60 min. Sodium me tabi sul fate
(100 ng) was added to stop the reaction. Unbound 125Iwas separated
from protein-bound 12SIby passing the reaction mixture through Sepha-

neuroblastoma cell line, was established by Schlesmger er al. (22) in
1976 and originated from a 12-year-old girl with Stage IV neuroblastoma.

dex G-200 in a buffer containing 0.05 M Tris-HCI, pH 7.4, and 0.25%
gelatin (our experience has been that G-25 does not adequately separate

PLC/PRF/5 is a liver cancer cell line established in 1976 by Alexander er
al. (1) from a patient in South Africa with PHC. The cells were cultured

the bound protein from radioactive trichloroacetic acid nonprecipitable
entities). Pooled fractions containing ferritin (the first peak eluted from
the column) were diluted with 0.05 M Tris-HCI, pH 7.4, containing 1%
bovine serum albumin to give a stock solution of '?i>l-labeled ferritin and
stored at 4Â°.As a rule, the stock solution of labeled antigen was further
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diluted 1:2 to 1:5 for assay. Next, the highest dilution of antibody that
precipitated 90 to 95% of this dilution of ferritin was chosen as the
optimal amount of antibody for assay. This was usually a 1 1000 dilution;
0.2-ml volumes of labeled HeLa ferritin, anti-HeLa ferritin antibody,
samples, and unlabeled HeLa ferritin standards were incubated at 4Â°for
CANCER

RESEARCH

Downloaded from cancerres.aacrjournals.org on February 21, 2018. © 1984 American Association for Cancer
Research.

VOL. 44

Ferritins of Tumor Origin in Nude Mice with Transplants
18 hr; 0.5 ml of Sepharose B-coupled goat anti-rabbit igG (RIANEN Kits;

anti-HeLa ferritin antibody.

New England Nuclear) was added and incubated at room temperature
for 2 hr. These mixtures were then centrifugea at 3000 x g for 10 min
at 4Â°.Supematants were removed by suction, and the precipitates were

these ferritins are seen. There is little or no reaction between
human liver or mouse liver ferritin and anti-HeLa ferritin antibody.
The standard curve using HeLa ferritin approaches linearity
between 3 and 160 ng/ml.
Similar curves are seen in Chart 2 where human liver ferritin
concentrates used as standards competed with radioactively
labeled human liver ferritin (obtained from New England Nuclear).
It can be seen that mouse liver ferritin does not compete whether
the anti-human liver ferritin antibody is absorbed with mouse

counted in a 7-counter.
Antisera used in these assays were absorbed with mouse liver ferritin
in order to remove any cross-reaction with mouse ferritin. Details are
described in the legends of Charts 1 and 2.
a-Fetoprotein Assays
Mouse sera were assayed for a-fetoprotein by enzyme immunoassay
using Abbott AFP-EIA Diagnostic Kits (Abbott Laboratories, North Chi
cago, IL).
SDS Gel Electrophoresis of Ferritins
Ferritins extracted from 2 PHC and 2 neuroblastoma tumors grown in
nude mice were examined by electrophoresis on SDS gels using the
method described by Arosio ef al. (3). Ferritins extracted from normal
human liver and from HeL a cells in culture were used as references.
Histopathology

of Tumors Grown in the Mice

Tumors were examined by the pathologists at this Institute at the time
of postmortem examination.

RESULTS
Chart 1 shows a competitive assay of human liver, mouse
liver, and HeLa ferritins versus radiolabeled HeLa ferritin against

Immunological

differences

among

liver ferritin or not.
Among 15 mice receiving transplants of CHP-100 (neuroblas
toma cells), 14 developed tumors (Table 1). Tumors became
palpable between 2 and 10 weeks (median, 4 weeks) after graft.
The largest tumor found was 6.5 x 5.0 x 2.0 cm. Pretransplantation serum specimens of the mice did not contain human
ferritin. Human ferritin was first detected at 4 weeks after trans
plantation. Twelve of the 14 tumor-bearing mice showed human
liver ferritin in their sera. The maximum ferritin levels for each
mouse measured by liver ferritin assay were 8 to 52 ng/ml
(mean, 22 + 14; S.D.). When serum samples of 3 mice with liver
ferritin levels of 11,25.2, and 52 ng/ml were tested by the HeLa
ferritin assay, their values were 36, 29, and 40 ng/ml, respec
tively. Nine remaining mice did not show HeLa-type ferritin in
their sera. The amounts of ferritin detected in mice bearing
neuroblastoma were relatively small, but they were of human
origin.
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Chart 1. RIA standard curves using rabbit anti-HeLa ferritin antiserum absorbed
with mouse liver ferritin (2.5 mg of mouse ferritin added to 1 ml of undiluted antiHeLa ferritin antiserum and then diluted 1:1000 with phosphate-buffered saline)
plus 12Sl-tabetedHeLa ferritin and known amount of human liver, mouse liver, and

Chart 2. RIA standard curves using 1:1.2 x 10Â°dilution of rabbit anti-human
liver ferritin antiserum either absorbed with 50 ng of mouse liver ferritin or unabsorbed, plus 12Sl-labetedliver ferritin and known amounts of human liver and mouse

HeLa ferritin.

liver ferritin. O, absorbed; â€¢,unabsorbed.
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Table 1
Human ferritin levels detected in serum of nude mice bearing human neuroblastoma and PHC
(ng/ml)growth
of mice
No. of mice with
Ferritin levels"
ofmice1514No.
transplantedNeuroblastoma1'PHC8No

ferritin141012822ferriÂ»!

Human Hver-type
(8-52)"231
Â± 14"

ferritin29,
36, 40, respec
mice;0
tively, in 3
mice43
in 9

Â±270* (10-820)HeLa-type
mouse0
in 1
in 7 mice
' Ferritin levels of the maximum value for each mouse.
6 Mice with neuroblastoma usually showed low levels of serum ferritin. Therefore, the magnitude of change of ferritin
levels was not as impressive as in mice bearing PHC.
c Mean Â±S.O. of 12 mice.
'' Numbers in parentheses, range.
* Four mice showed gradual increase of ferritin levels from 6.7 to 340 ng/ml during the period of 2 to 16 weeks after
transplantation while tumors increased in size. One mouse reached a peak level of ferritin of 820 ng/ml at 12 weeks
posttransplantation, but the levels declined to 520 and 280 ng/ml at 14 and 18 weeks, respectively, while the tumor
continued to grow. HistolÃ³gica! examination showed a tumor with extensive necrosis. One mouse showed a gradual
decrease of ferritin from 16 to 0 ng/ml when the 0.8 x 0.8-cm tumor regressed during the period of 3 to 21 weeks
postimplantation. One mouse showed fluctuations of ferritin levels (44, 0, 13.6, and 30.4 ng/ml) along with changes of
tumor size (0.95 x 0.6 cm - - 0 - 3.5 x 3.5 cm) during the period of 3 weeks to 4.5 months. One mouse was tested for
ferritin only once.
Mean Â±S.D. of 8 mice.

Among the 14 mice transplanted with human PHC cells, 10
developed tumors (Table 1). Tumors first became palpable be
tween one and 3 weeks (except one, 8 weeks). The largest
tumor measured 5x4x2
cm. Human ferritin was first detected
2 weeks after implanting the graft. Of the 10 mice bearing human
PHC, 8 were found to have human ferritin in their sera. The
maximum ferritin levels ranged from 10 to 820 ng/ml (231 Â±270)
by liver ferritin assay. When serum samples were tested by HeLa
ferritin assay, one (with a liver ferritin level of 280 ng/ml) showed
HeLa-type ferritin (43 ng/ml), and the remaining 7 did not. aFetoprotein was measured in single samples of 5 mice bearing
PHC, and the levels ranged from 2,180 to 480,000 ng/ml (median
298,000). All 5 contained human liver ferritins (30.4 to 320 ng/
ml), and one of these also contained HeLa ferritin (43 ng/ml).
Ferritins extracted from 2 neuroblastoma and 2 PHC tumors
grown in nude mice were characterized by subunit analysis on
80S gel. The subunit composition of 2 neuroblastoma tumor
ferritins was 50% heavy and 50% light. This was in agreement
with our previous finding with the profile of ferritin extracted from
neuroblastoma cells of CHP-100 in tissue culture (11). The profile
of 2 PHC tumor ferritins was 40% heavy and 60% light. Our
SDS analysis of human liver ferritin showed 10% heavy and 90%
light, and ferritin extracts of HeLa cells showed 90% heavy and
10% light.
Histopathological examination of neuroblastoma and PHC tu
mors grown in nude mice confirmed human neuroblastoma and
PHC with varying degrees of mitosis and necrosis. In mice with
PHC, 6 had localized tumors at the injection site. Among the
remaining 4, one showed direct invasion of kidneys and adjacent
lymph nodes, one had both lung and kidney involvement, and 2
had lung mÃ©tastases; none had liver involvement. All mice bear
ing neuroblastoma had localized tumors at the site of implanta
tion without metastasis.
DISCUSSION
Evidence that tumors are responsible for the increased
amounts of ferritin seen in cancer patients has been presented
in the past; leukemic cells synthesize more ferritin than normal
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leukocytes (25), peripheral lymphocytes of patients with Hodgkin's disease show increased synthesis of ferritin over that of
normal lymphocytes (21), and T-lymphocytes

of these patients

have been shown to produce preferentially heavy subunits of
ferritin (7).
In an earlier study of patients with neuroblastoma (11), we
observed that increased levels of serum ferritin were associated
with actively growing neuroblastoma and that with clinical remis
sion there was a return to normal levels. This suggested that the
elevated serum ferritin was of tumor origin. This correlation was
most often seen in advanced Stage IV neuroblastoma (9).
Recently. Watanabe ef a/. (24) transplanted various primary
human tumors into nude mice and detected human ferritin in
some of the mouse serum samples; one of the 3 nude mice
bearing human neuroblastoma showed human ferritin in the
serum, and 2 did not; one nude mouse received a transplant of
a PHC tumor, and the mouse did not show human ferritin in the
serum. Our study confirmed and expanded their observations.
Almost all mice receiving implants had human liver-type ferritin
in their sera.
Ferritins from human PHC tumors have been shown to be
more acidic isoferritins (on isoetectrofocusing) compared with
the ferritins from the corresponding normal liver (basic isoferritin)
(2,16, 20). We found by SDS gel analysis that the ferritin from
PHC or neuroblastoma grown in nude mice contained a greater
proportion of heavy subunit and a lesser proportion of light
subunit than liver ferritin, and this composition on SDS gel
corresponds to acidic ferritins on isoelectrofocusing (8, 13).
However, human ferritin detected in murine serum was almost
exclusively liver type except for 4 individual samples. Some
unknown selection process seems to determine which isoferritin
will be released (or secreted) into the circulation. This relatively
small amount of circulating acidic ferritin in the serum of hosts
with cancer has been observed by Jones ef al. (15). Using
antibodies to spleen and HeLa cell ferritin, they studied serum
ferritin profiles (types) in over 1000 sera from patients with
various cancers and those with ferritinemia from other causes.
They were unable to show an independent increase of HeLatype ferritin not accompanied by a corresponding increase of
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liver-type ferritin. We have also made a similar observation
recently in 25 patients with neuroblastoma. Maximum levels of
HeLa-type serum ferritin was 40 ng/ml, whereas liver-type ferritin
in the same specimens reached 1460 ng/ml. Serum which con
tained elevated HeLa-type ferritin also showed an increased
amount of liver-type ferritin. HeLa/liver-type ferritin ratios ap
peared to be nearly constant, at Â«sO.1
(10). Perhaps monoclonal
antibody to heavy subunit of the ferritin will measure HeLa-type
ferritin far more accurately than the current polyclonal antibody
used.
Our study clearly demonstrates that transplanted human neu
roblastoma and PHC cells produce human ferritins in the circu
lation of BALB/c (nu/nu) mice. Elevated levels of a-fetoprotein in
mice bearing human PHC further supports this. No a-fetoprotein
was detected in single samples of 4 mice without PHC tumors.
These data are strong evidence in support of the hypothesis
that elevated ferritin levels in patients with certain cancers origi
nate, at least in part, from their tumors. When elevations of
serum ferritin from other causes are excluded, serum ferritin
levels may be a reliable tumor marker and a useful guide in the
management of patients with these cancers.
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