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A sandwich-type radioimmunoassay for serum ferritin was devel- 
oped using iron-rich human liver ferritin and evaluated for its clinical 
usefulness. In young healthy males and females, the mean serum 
ferritin concentrations were 44 ~g/L  (range 7 -158)  and 16 p.g/L 
(range 4 -56) ,  respectively. In anemic patients lower serum ferritin 
concentrations were found, while in most patients with iron overload 
serum ferritin concentrations well above 1000 ~g/L  were measured. 
Comparison of our method with a commercially available radio- 
immunoassay kit revealed a good correlation, except for sera with 
very low ferritin concentrations. Comparison with serum iron and 
transferrin parameters in patients with iron deficiency demonstrated 
that serum ferritin concentrations might be subnormal in a majority of 
patients with otherwise normal iron indices. Up to 70% of the ferritin 
in serum of normal subjects could bind to concanavalin A-Sepharose, 
indicating its glycoprotein nature. It is concluded that our serum 
ferritin radioimmunoassay gave reliable results and was useful in the 
laboratory diagnosis of latent iron-deficiency and in the analysis of 
the heterogeneity of serum ferritin. 
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T issue iron is stored inside a porous protein capsule 
called ferritin (1). A small amount  of this ferritin 

can be detected in serum by sensitive immunoassay  
techniques. The amount  of circulating ferritin has been 
found to correlate well with the amount  of tissue iron 
(for reviews, see ref. 2 and 3). The precise molecular 
relat ionship between ferritin in serum and in tissues is 
still not resolved, however. As opposed to tissue fer- 
ritin, a major portion of serum ferritin is glycosylated 
{4, 51. It  appears  tha t  the glycosylation of serum ferritin 
is a major de te rminan t  of its survival  and hence its 
level in the circulation (6). Where this glycosylation 
occurs is at  present  unknown. 

Recently, we developed a sandwich radioimmuno- 
assay for serum ferrit in based on iron-rich ferritin, 
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isolated from human  liver. This procedure has been 
used successfully in the study of patients  with iron 
storage disorders (7, 8) and to monitor the venesection 
therapy in pat ients  with iron overload Ivan Oost 
et al., manuscr ip t  in preparationl.  Our assay method 
has been compared to three other, commercial,  
radioimmunoassays.  All these assays were found to be 
different with respect to tissue ferritin specificity (9). 

In this report we wish to document our serum ferritin 
assay in more detail, in part icular  to indicate how the 
serum ferritin results relate to the other iron indices in 
pat ients  with iron deficiency. The assay was also used 
in the analysis  of the glycoprotein nature  of serum fer- 
ritin. Some of the results have been briefly reported 
previously (10). 

M a t e r i a l s  and  m e t h o d s  

CNBr-act ivated Sepharose 4B, concanavalin A, con- 
canaval in A-Sepharose, Sephadex G-25, and Sephadex 
G-75 were obtained from Pharmacia  Fine Chemicals, 
Uppsala  (Swedenl. N-succinimidyl 3-(4-hydroxy, 5- 
('251)iodophenyll propionate (Bolton-Hunter reagent) 
>1375 Ci/mmo], and the Ferritin Radioimmunoassay 
Kit were obtained from The Radiochemica] Centre, 
Amersham (U.K.). Alpha-o-methylglucoside and bo- 
vine serum albumin were obtained from Sigma Chem- 
ical Co., St. Louis, MO {USA). Freunds Adjuvant was 
from Difco Labs, Detroit, MI (USA). All other chemicals 
were of the highest quality- available. 

FERRITIN PURIFICATION 

Ferr i t in  was isolated from human  liver following a 
modification of the method of Penders I l l ) .  The puri- 
fication procedure consisted of heat  t r ea tmen t  of the 
tissue homogenate  for 10 min at 80 °, removal  of the 
insoluble residue by low speed centrifugation, followed 
by repeated (ten timesl ul t racentr i fugat ion for 180 min 
at  100,000 x g. The puri ty  of the product was checked 
by polyacrylamide electrophoresis (91. The protein- 
containing bands stained also for iron, indicating the 
presence of monomeric and oligomeric ferritin. From 
960 g liver tissue, 200 mg pure ferri t in was isolated. 
The preparat ion contained 256 ~g iron per mg protein. 

ANTIBODY PRODUCTION AND PURIFICATION 

A rabbi t  was immunized by subcutaneous injection of 
1 mg ferrit in suspended in complete Freunds adjuvant.  
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After 2 weeks, the animal  was given a booster injection 
of 1 mg ferrit in in 0.154 mol /L  sodium chloride. The 
t i t re of the an t i se rum was checked by the Ouchterlony 
technique (12). Blood (40 mL) was collected on two occa- 
sions. The ant isera  were absorbed with normal human  
p lasma and the immunoglobulin (IgG) fraction was 
isolated by precipitation in half-saturated ammonium 
sulfate. The precipitate was dissolved in saline and dia- 
lysed against  0.1 mol /L  sodium borate buffer, pH 8.5. 
Specific antibodies were isolated by immunoabsorpt ion 
using the following procedure: Purified ferritin (25 mg) 
was coupled to 1 g CNBr-act ivated Sepharose 4B ac- 
cording to the instructions of the manufacturer .  The 
immunosorbent  was incubated with the IgG fraction 
(280 mg) of the ant iserum for 1 h and subsequently 
washed with 0.1 mol /L  sodium borate buffer, pH 8.0. 
The specific antibodies were eluted with 3 mol /L  
sodium thiocyanate,  pH 5.5. The protein-containing 
fraction (22 mg) was immediately  desalted on a 
Sephadex G-25 column. 

ANTIBODY LABELLING (13, 14) 

Bolton-Hunter  reagent  (0 .5-1 mCi, 1700 Ci/mmol)  
supplied in benzene was dried by a gentle s t ream of 
nitrogen gas. Purified antiferr i t in IgG (45 p-g) was 
added in 50 p-L 0.1 mol /L sodium borate buffer, pH 8.5. 
The mixture  was incubated at 4°C under continuous 
agitat ion for 30 min. The conjugation reaction was 
te rmina ted  by addition of 50 p-L 0.2 mol /L glycine in 
0.1 mol /L  sodium borate buffer, pH 8.5. After 5 
minutes,  the mixture  was applied onto a minicolumn of 
Sephadex G-25 prepared in 0.015 mol /L  sodium phos- 
phate,  pH 7.4, 0.154 mol /L sodium chloride containing 
2.5 g /L  gelatin, and the column was eluted with this 
buffer. Fractions of i mL were collected and monitored 
for radioactivity.  In 12 consecutive labelling experi- 
ments,  the percent of incorporated radioactivity was 
13 - 8c~ (mean - S.D.), which resulted in a specific 
radioactivity of 2.3 +- 1.6 p-Ci/p-g (mean +- S.D.). 

RADIOIMMUNOASSAY PROCEDURE 

BELD, CLOIN, AND MARX 

washed three t imes in 0.154 mol /L  sodium chloride and 
the tube-associated radioactivity was counted. The as- 
say response was l inear up to 20 p-g/L ferritin. The 
regression equation of a typical s tandard curve was 
y(cpm) = 428x (p-g/L ferritin) + 642 (r = 0.98}. The 
lowest detectable dose was 0.8 p.g/L. The within-assay 
precision was 7.4c/c based on 50 serum samples assayed 
in duplicate (geometric mean concentration 41 p.g/L). 
The between-run s tandard deviation for 10 consecutive 
runs was 5, 5, and 7 p-g/L for sera containing 9, 35, and 
55 p.g/L, respectively. Standard ferritin diluted in buf- 
fer, ei ther  containing 4 g /L  bovine serum albumin or 
5~ Ivol/voll normal  human  serum, resulted in parallel  
s tandard curves. 

SERUM FERRITIN BINDING TO CONCANAVALIN A-SEPHAROSE 

Serum I1 roLl was diluted with 1 mL 0.05 mol /L  
sodium acetate, pH 4.8 and heated to 80°C for 10 min. 
After rapid cooling on ice, the precipitate was removed 
by centrifugation at  3000 x g for 15 min. The pH of the 
superna tan t  was adjusted to pH 6.8 with 0.1 mol /L  
sodium hydroxide. Concanavalin A-Sepharose (8 mg 
concanavalin A / m L  Sepharose) was washed on a glass 
filter with 0.05 mol /L  Veronal, pH 8.0, 0.5 mol /L  
sodium chloride, 3 mmol /L  sodium azide Ibuffer A). The 
Sepharose was resuspended in twice its packed volume 
in buffer A. Heat- t rea ted  serum {0.2 mL) was mixed 
with up to 1 mL concanavalin A.-Sepharose and the 
final volume was adjusted to 2.2 mL with buffer A. 
After 2 hours incubation at  room tempera ture  under  
gentle shaking, the suspension was centrifuged at 
2000 x g for 15 min. One mL superna tan t  was collected 
and assayed for unbound ferritin with the sensitive 
radioimmunoassay,  described hereafter.  In some exper- 
iments,  the specificity of the binding to concanavalin 
A-Sepharose was tested by adding alpha-D-methylglu- 
coside to a final concentration of 50 mmo l /L  together  
with the ferri t in sample. Nei ther  hea t - t r ea tment  nor 
the presence of 50 mmol /L  alpha-D-methylglucoside 
affected the serum ferrit in content (unpublished 
observationsk 

This procedure is a modification of the sandwich 
method for serum ferritin originally described by 
Hall iday et al. (15~. The 10,000-fold diluted IgG fraction 
of the ant i ferr i t in  serum (1 mL, final protein concen- 
t ra t ion 5.6 p-g/mLI in 0.015 mol /L  sodium phosphate,  
pH 7.4, 0.154 mol /L  sodium chloride (phosphate-buf- 
fered saline) was incubated for 18 h at  4°C in poly- 
s tyrene tubes of 1 x 7 cm. The tubes were washed four 
t imes with phosphate-buffered saline, stored at  4°C, 
and used within 8 weeks. Ferr i t in  s tandards  and sera 
were diluted in 0.05 mol /L  Veronal, pH 8.5, 0.1 mol /L  
sodium chloride, 40 g /L  bovine serum albumin. All sera 
were tested in at least  two dilutions ranging from 1/2 
to 1/2000, depending on the ferritin concentration. 
Standard  and serum dilutions (100 p-L) were incubated 
for 18 h at  4°C in the ant iserum-coated tubes. The tubes 
were washed four t imes with saline. Radiolabelled anti- 
ferri t in (100 p-L, diluted in phosphate-buffered saline, 
containing 60,000 cpm) was added to the tubes and 
incubated for 4 h at  room temperature .  The tubes were 

SENSITIVE RADIOIMMUNOASSAY 

Sera, which were absorbed with concanavalin A- 
Sepharose up to four times, contained insufficient fer- 
rit in to assay with our s tandard assay. Therefore, the 
sera were extracted three t imes according to the follow- 
ing method, using the same reagents  as for the con- 
ventional radioimmunoassay.  Ant iserum I1 mL) di- 
luted 10,000-fold was placed in plastic tubes of 1 × 7 cm 
and rotated for 30 rain under  an angle of 30 degrees 
(16). The tubes were washed once with 2 mL 0.05 mol /L  
sodium veronal (pH 8.0), 0.077 mol /L  sodium chloride, 
1.5 m m o l / L  sodium azide, 1 g /L  bovine serum albumin 
(buffer B) and once with 2 mL distilled water.  The fer- 
rit in sample (200 p-LI was incubated for 60 min under  
rotat ion as described for the an t i se rum coating, and 
washed once with buffer B. This incubation was re- 
peated twice, so tha t  ferri t in was extracted from 600 p-L 
sample  in total. Radiolabelled ant i ferr i t in  in buffer B 
(200 p-L) containing 70,000 cpm was added next and 
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TABLE 1 
Laboratory Test Resultst in Patients Suspected of Iron Deficiency 

Older Younger 
Men women women Children 

Serum ferritin, ~g/L 46 25 
(men: 15-150; (10-400) (0-102~ 
women: 7-150)* 

Hemoglobin, mmol/L 9.1+-0.9 8.3+-0.7 
(men: 8.7-11.2; (6.7-10.51 (7.2-9.1) 
women: 7.5-9.9)* 

Serum iron, izmol/L 1 5 . 3 + - 7 . 5  13.3+-6.0 
(14-32)* (4.2-33.8~ (3.5-24.6) 

Total iron binding 
capacity, ~mol/L 56.0+-8.2 54.1+-11.7 

(54-72)* (37.2-69.6) 135.4-78.9) 
Transferrin saturation 0.29+-0.19 0.26-+0.14 

(0.25-0.50)* (0.06-0.911 (0.07-0.571 

14 15 
(0-106) (7-29) 

8.5+-0.6 8.2-+0.7 
(6.8-9.4~ (7.6-9.3) 

18.8+-7.7 17.3+-7.6 
(5.6-36.6) 110.1-29.5) 

64.6+-10.3 62.4+-7.4 
M8.6-91.2) ~54.6- 72.0) 
0.31+-0.13 0.29+-0.14 

(0.08-0.65) (0.14-0.51) 

tResults are expressed as geometric mean with range in brackets for serum ferritin, 
and as mean -+ S.D. with range in brackets for the other tests. 

*Reference range. 

TABLE 2 
Serum Ferritin in Healthy Subjects and in Patients with Iron 

Storage Disorders 

Serum ferritin (~g/L) 

Geometric 
Subjects* n Mean Range 

Men 56 44 7-158 
Women (premenopausal} 33 16 4-56 
Women (postmenopausal) 14 36 14-126 
Anemic females 16 9 2-77 
Iron overload 10 1 4 7 3  379-2814 

*See Patients and Control Subjects section for description. 

incubated under  rota t ion as described for the an t i se rum 
coating. The tubes were washed once with buffer B and 
the tube-associated radioact iv i ty  was counted. With  
this  assay, a l inear  s tandard  curve (r  = 0.99) from 
0.2 to 6 ~g /L  ferr i t in  was obtained with a slope of 
1421 cpm/txg/L ferr i t in  and a b lank value of 264 cpm. 

OTHER METHODS 

Fer r i t i n  protein was measured  according to Schac- 
ter le  and Pollack (17). Fe r r i t in  iron was measured with 
ba thophenan t ro l ine  according to Har r i s  (18). Hemo- 
globin was measured  with the Coulter  Counter  S (Cou- 
l ter  Counter  Electronics, Inc., Hialeah,  FL, USA). Total 
iron in serum was measured  with ferrozine chromogen 
on an au toana lyzer  system (Technicon Instr.  Corp. Tar- 
rytown, NY, USA, method SG4-0025 FH9) with Tech- 
nicon reagents .  Total iron binding capacity (TIBC) was 
measured  on the same system with magnes ium carbon- 
ate af ter  sa tu ra t ion  with ferric chloride (reagents  from 
J. T. Baker,  Deventer,  The Netherlands) .  The t ransfer-  
r in sa tu ra t ion  was calculated by dividing the serum 
iron by the TIBC. Radioact ivi ty  was measured  with a 
g a m m a  counter  (Tr igamma 600; Baird Atomic Inc., 
Bedford, MA, USA). 

Patients and control subjects 

Control subjects were ostensibly hea l thy  subjects 
t aken  at  random from the hospital  staff. The mean age 
of the male  group was 27 years  (range 22 -57 ,  n = 561. 
The female group was divided into a premenopausa l  
group (mean age 28 years,  range 22 -45 ,  n = 33), and 
a postmenopausal  group (mean age 57 years,  range 
5 0 - 6 3 ,  n = 14). 

Anemic pa t ien ts  were women (mean age 24 years,  
range 18-36 ,  n = 16) 7 days after delivery,  who 
had hemoglobin levels less than  7.2 mmol /L  (6.5 +- 
0.5 mmol /L ,  mean -+ SD, range 5.4-7.1) .  

Sera from ambulan t  pat ients  suspected of iron defi- 
ciency were obtained from a clinical laboratory  serving 
genera l  prac t i t ioners  in the Utrecht  area  (The Nether-  
lands). This group consisted of 16 males  (mean age 42 
years ,  range 14-77) ,  50 younger  females (mean age 26 
years,  range  13-43) ,  15 older females (mean age 61 
years,  range 46-87) ,  and 5 children (mean age 8 years ,  
range  3 - 9 ) .  The re levant  laboratory  test  resul ts  are 
given in Table 1. 

Sera  of 43 pa t ien ts  with a wide range of serum fer- 
r i t in  concentrat ions were obtained by collecting, dur ing  
one month,  all sera sent  to our laboratory  for rout ine 
serum ferr i t in  measurements .  These la t te r  sera 
were used only for comparison of our ferr i t in  assay 
method with a commercial ly avai lab le  ferr i t in  RIA 
(The Radiochemical  Centre). 

Results 

SERUM FERRITIN CONCENTRATIONS IN HEALTHY SUBJECTS 
AND PATIENTS 

Serum ferr i t in  concentrat ions in control subjects and 
in pa t ien ts  with iron storage disorders are shown in 
Table 2. The da ta  were skewed in the upward direct ion 
and, therefore,  the da ta  are presented as geometric  
mean  and range.  In post-menopausal  women, h igher  
serum ferr i t in  concentrat ions were measured  than  in 
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TABLE 3 
Decreased Hemoglobin, Serum Iron, and Transferrin Saturation in Patients 

with Different Serum Ferri t in Levels 

Number of patients with decreased 

Serum ferritin Total number Serum Transferrin 
group (~tg/L) of patients Hemoglobin iron saturation* 

1 - 4  6 1 6 5 
5 -15  25 4 6 3 

16-25 23 3 8 3 
26-400 31 2 10 4 

Patients suspected of iron deficiency, described in the Patients and Control 
Subjects section, were grouped according to their serum ferritin level. The 
number of patients with abnormal results for the other iron parameters indi- 
cating iron deficiency were recorded. The complete laboratory test results and 
reference values are listed in Table 1. 

*Transferrin saturat ion below 0.16. 
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Figure 1 - -  Correlation of our assay Isandwich method) with 
the commercial radioimmunoassay kit for serum ferritin from 
The Radiochemical Centre (RIA methodl. 43 patient samples 
were assayed by both methods. The RIA method was carried 
out according to the instructions of the manufacturer. (O): 
samples which were not included in the regression analysis. 

y o u n g e r  women.  In fact, the  d i s t r i b u t i o n  of the  o lder  
f emales  was  close to t h a t  of the  ma le  control  group,  
whi l e  t he  d i s t r i b u t i o n  of the  y o u n g e r  women  was  ve ry  
close to t h a t  of anemic  women.  In p a t i e n t s  w i th  excess  
l ive r  i ron,  s e r u m  fe r r i t in  concen t ra t ions  were  one to 
two o rde r s  of m a g n i t u d e  h i g h e r  t h a n  in the  control  
subjects .  

CORRELATION WITH COMMERCIALLY AVAILABLE 
RADIOIMMUNOASSAY FOR SERUM FERRITIN 

Se ra  f rom 43 p a t i e n t s  se lec ted  a t  r a n d o m  were  as- 
s ayed  bo th  wi th  our  m e t h o d  ( sandwich  method) ,  as  wel l  
as  w i th  the  r a d i o i m m u n o a s s a y  k i t  f rom The  Radio-  
chemica l  C e n t r e  (RIA method) .  The re  was  a s u b s t a n t i a l  

d i f ference  be tw e e n  the  two me thods  for f e r r i t i n -poor  
sera .  T h r e e  se ra  which  had  s e r u m  fe r r i t in  concen- 
t r a t i o n s  <1 ~ g / L  in the  sandwich  method ,  gave  by the  
RIA me thod  levels  of 10, 10, and  27 ~g /L .  For  the  re- 
m a i n i n g  se ra  h a v i n g  fe r r i t in  concen t r a t i ons  in the  nor-  
ma l  r a n g e  or h igher ,  a good cor re la t ion  was  obse rved  
be tw e e n  the  two me thods  (F igu re  1). The  equa t ion  of 
the  r eg re s s ion  was:  

log y ( s a n d w i c h  method)  = 1.19 log x (RIA method)  
- 0.68; r ~ = 0.97, p < 0.001 

C O M P A R I S O N  OF S E R U M  F E R R I T I N  W I T H  O T H E R  I N D I C A T O R S  

OF IRON-DEFICIENCY 

S e r u m  fer r i t in ,  hemoglob in ,  s e r u m  iron, t r a n s f e r r i n  
s a t u r a t i o n ,  and  to ta l  i r on -b ind ing  capac i ty  were  mea-  
su red  in se ra  of a m b u l a n t  p a t i e n t s  suspec ted  of i ron 
deficiency.  In six p a t i e n t s  wi th  very  low s e r u m  fe r r i t in  
concen t r a t i ons  (less t h a n  5 ~g /L) ,  al l  six had  reduced  
s e r u m  iron,  five out  of six reduced  t r a n s f e r r i n  s a tu r -  
a t ion ,  bu t  only  one p a t i e n t  had  also a r educed  
hemog lob in  level .  In  25 p a t i e n t s  w i th  s u b n o r m a l  s e r u m  
fe r r i t i n  concen t r a t i ons  ( 5 - 1 5  ~g /L)  only four, six, and  
t h r e e  p a t i e n t s  r e spec t ive ly  had  dec reased  hemoglob in ,  
s e r u m  iron,  or t r a n s f e r r i n  s a t u r a t i o n .  In p a t i e n t s  w i th  
n o r m a l  s e r u m  fe r r i t in  concen t r a t i ons  or h ighe r ,  the  
inc idence  of dec reased  hemoglobin ,  s e r u m  iron, and  
t r a n s f e r r i n  s a t u r a t i o n  was  abou t  the  s ame  as  seen in 
the  p a t i e n t  g roup  wi th  s u b n o r m a l  s e r u m  fe r r i t i n  con- 
c e n t r a t i o n s  (Table  3). S e r u m  fe r r i t i n  showed an  inve r se  
r e l a t i o n s h i p  w i th  the  to ta l  i ron b i n d i n g  capac i ty  
(F igu re  2, S p e a r m a n  r a n k  cor re la t ion  coefficient:  0.56; 
p < 0.01). No s ign i f i can t  co r re l a t ion  was  obse rved  for 
s e r u m  fe r r i t i n  and  any  of the  o the r  i ron  p a r a m e t e r s .  

BINDING OF SERUM FERRITIN TO CONCANAVALIN A 

W h e n  n o r m a l  s e r u m  was  i ncuba t ed  wi th  concan-  
a v a l i n  A-Sepha rose ,  70% of the  s e r u m  fe r r i t i n  bound  
to t he  immobi l i zed  c o n c a n a v a l i n  A (F igu re  3). The  
r e m a i n i n g  f e r r i t i n  l acked  c onc a na va l i n  A - b i n d i n g  
p roper t i e s ,  as  t h e r e  was  no di f ference in b i n d i n g  
w h e t h e r  0.5 or 1 m L  c o n c a n a v a l i n  A - S e p h a r o s e  was  
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Figure 2 -  Relation between serum ferritin and total iron 
binding capacity in 73 patients suspected of iron deficiency. 
Patients using birth control pills were excluded from the 
analysis. 
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Figure 3 - -  Serum ferritin binding to concanavalin A-Seph- 
arose. The ferritin fraction in heat-treated serum which did 
not bind to the indicated amounts of concanavalin A- 
Sepharose was assayed as described in the Materials and 
Methods section and expressed as percent of the total amount 
of ferritin present in the mixtures. The heat-treated serum 
contained 44 tzg/L ferritin. (O): serum ferritin binding to con- 
canavalin A-Sepharose; (O): serum ferritin binding to 
concanavalin A-Sepharose in the presence of 50 mmol/L 
alpha-D-methylglucoside. 
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Figure 4 - - B i n d i n g  of serum ferritin to concanavalin A- 
Sepharose in normal subjects. Eight sera from healthy sub- 
jects were heat-treated and the fraction of serum ferritin 
which did not bind to concanavalin A-Sepharose was assayed 
as described in the legend of Figure 3. The total serum ferritin 
concentration is indicated by the vertical bars and the fraction 
of ferritin which did bind to concanavalin A-Sepharose is 
indicated by the shaded areas. 

added.  In  the  p resence  of 50 m m o l / L  a lpha -D-methy l -  
g lucos ide ,  an  i nh ib i t o r  of the  b ind ing  o fg lycop ro t e in s  to 
c o n c a n a v a l i n  A, only 10c~ b ind ing  was  observed.  

The  f rac t ion  of s e r u m  fe r r i t in  which  bound  to 
c o n c a n a v a l i n  A-Sepha rose  in 8 no rma l  se ra  is shown in 
F i g u r e  4. W i t h  i nc r e a s ing  s e r u m  fe r r i t in  concen t ra t ion ,  
an  i n c r e a s i n g  a m o u n t  of s e r u m  fe r r i t in  bound  to 
c o n c a n a v a l i n  A-Sepharose .  

D i s c u s s i o n  

The s e r u m  fe r r i t in  concen t r a t ions  we found in 
h e a l t h y  subjects ,  in i ron-def ic ien t  a n e m i a  pa t i en t s ,  and  
in i ron -over load  p a t i e n t s  a r e  in accordance  wi th  pre-  
v ious  r epor t s  (2, 3l. However ,  our  ac tua l  d a t a  a r e  some-  
w h a t  lower  t h a n  r epor t ed  in the  l i t e r a tu r e .  Th is  is most  
p r o b a b l y  due  to the  use  of d i f fe ren t  s t a n d a r d s  (9). The  
s e p a r a t i o n  be tw e e n  p a t i e n t s  and  h e a l t h y  control  sub- 
jec ts  was  b e t t e r  for the  i ron-over load  p a t i e n t s  t h a n  for 
the  i ron-def ic ien t  a n e m i a  pa t i en t s ,  which  is in h a r m o n y  
wi th  the  p reva l ence  of these  d i so rders  in the  popu l a t i on  
( 1 9 - 2 1 ) .  In  con t r a s t  to m e n  and  p o s t m e n o p a u s a l  
women ,  s e r u m  fe r r i t in  concen t r a t i ons  in y o u n g e r  
women  were  found to be close to those  in i ron-def ic ien t  
a n e m i a  pa t i en t s .  Th is  is due to t he  fact  t h a t  pre- 
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menopausal women have little or no storage iron (22, 
23), but apparently just enough to maintain adequate 
erythropoiesis (24). 

To compare our method with a commercial serum 
ferritin radioimmunoassay, results were obtained from 
subjects with a wide range of serum ferritin concen- 
trations. Our sandwich method compared reasonably 
well with the competitive ferritin radioimmunoassay 
method for sera with normal or elevated ferritin con- 
centrations. However, absolute values differed for the 
two methods which is, as mentioned before, probably 
due to lack of standardization. The remarkable high 
discrepancy for ferritin-poor sera cannot be explained 
at present. It may be due to the greater contribution of 
the a-specific binding to the total binding in radio- 
immunoassay procedures versus sandwich methods. 

In a group of patients suspected of iron deficiency by 
general practitioners, serum ferritin concentrations 
ranged from 1-400  ~g/L. In patients with very low 
serum ferritin concentrations 1<5 ~g/L), all had 
reduced serum iron and the transferrin saturation was 
below 0.16 in 5 out of 6 patients. A transferrin satur- 
ation under 0.16 is considered to be a reliable indicator 
for iron deficiency, provided anemia of chronic disease 
is excluded (25L Jacobs et al. (26) reported that serum 
ferritin concentrations below 10 ~g/L were associated 
with transferrin saturation under 0.16. The difference 
in nominal ferritin values is probably due to lack of 
standardization because our normal values were about 
half  of those presented by Jacobs et al. (26 ~. Also, Mazza 
et al. (27) reported that, in patients selected for absent 
bone marrow iron stores, serum ferritin and transferrin 
saturation had about the same sensitivity for detection 
of iron deficiency. In patients with subnormal ferritin 
concentrations (5 -15  ~g/L) the incidence of reduced 
serum iron and transferrin saturation was much lower, 
compatible with latent iron deficiency in this group. It 
was suggested before that  the ferritin assay may detect 
iron deficiency in patients with otherwise normal iron 
parameters (28). Also, in phlebotomized normals, se- 
rum ferritin was a more sensitive indicator for iron 
deficiency (29, 30). Serum ferritin was found to be in- 
versely correlated with the total iron binding capacity, 
which was also found by other investigators (31, 32). 
The fact that  serum ferritin is also an acute phase pro- 
tein (33) complicates its use for diagnosis of mild iron 
overload. On the other hand, serum ferritin remains 
very useful to distinguish between anemia due to iron 
deficiency and anemia due to other causes, e.g. anemia 
of chronic disease. 

Plasma contains numerous proteins which bind to 
concanavalin A. A large fraction of serum ferritin has 
also been shown to bind specifically to concanavalin A. 
Heat- t reatment  of serum reduces the amount of con- 
canavalin A-Sepharose required by 75ch, without af- 
fecting the binding itself. A small fraction of serum 
ferritin binds in a non-specific manner, as it could not 
be displaced by alpha-D-methylglucoside. This reflects 
probably a hydrophobic component in the interaction of 
concanavalin A with its ligands (34). Evidently a frac- 
tion of serum ferritin did not bind to concanavalin A. 
This fraction of serum ferritin might be directly related 
to ferritin in tissues because ferritin isolated from hu- 

man liver and heart  tissue does not bind to con- 
canavalin A (van Oost, unpublished experiments). In 
the normal subjects, the amount of serum ferritin 
which bound to concanavalin A was proportional to the 
total amount  of serum ferritin in the sample. This indi- 
cates that  in normal subjects the levels of glycosylated 
and nonglycosylated serum ferritin are regulated by 
the same mechanisms. 
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