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A Family of Congenital Atransferrinemia

By Nagahide Goya, Sumio Miyazaki, Saburo Kodate, and Bunichi Ushio

An 8-yr-old boy with farnilial congenital the patient. After 3-6 mo. his clinical
atransferrinemia was studied. He had picture had returned to that seen prior
marked hypochromic anemia but did to treatment. Thus. it appeared that the
not respond to administration of iron. hemopoiesis was stimulated by trans-
The patient responded favorably to ferrin and that the clinical effective-

E parenteral "Eisen-mangel" truman ness of transferrin was related to the
li serum tranSferrin. One gram of trans- resultant increased red cell production

e ferrin was infused intravenously; it dis- and the duration of the effect to the
= appeared almost completely from the life'span of the erythrocyte. Neither

serum within a week. Horvever, the side effects nor reduction in the effec-
hemoglobin and erythrocytes in- tiveness of transferrin administration
creas6d, and there was generai im- Was noticed during a year and a half
provement in the color and activity of of treatment.

CJ EVENTEEN YEARS have passed since it was first reported that the basic

J. me.hunism of transfer of iron to erythrocytes is mediated by transferrin.

There are only three reported cases that were primarily concerned with the

clinical aspects of congenital atransferrinemia. We recentl-v studied an addi-

tional case in ari B-vr-old boy who had been suffering from a marlied hyPo-

chromic anemia and who had not responCed satisfactorily to iron. The serum

transferrin concentration was about half the normal value in his parents arrd

rvas reduced in an older brother and younger sister. Thus, it appears that this

boy represents an interesting case of familial congenital atransferrinemia. He

,"rpo.i"d favorably to the "d.initttation of human serum transferrin, and

this is the subiect of this rePort.

CASE STUDIES

The patient (Y. K.) is an ll-yr-old male whose parents were healthy; there t'ias no

history of consanguinity. None of the relatives had been known to have anemia or other

hematologic disorders, except for a female cousin on the pafernal side who died Of

leukemia.
T h e p a t i e n t h a d b e e n h e a l t h v u n t i | h e b e c a m e n o t i c e a b l y p a l e i n M a r c h f g 5 S , w h e n

he was 7 yr old. He was referred to our clinic in Iuly 1968, at which time he had marked

pallor. There was a systolic cardiac murrnur. The liver edge was t cm below the right

costal margin, the spieen was not palpable, and there was no. lymphadenopathy' No

hemorrhagic tendency was detected. Tire remainder of the history aird physical were within

normal limits. He was hospitalized on August 3, 1968'
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RESULTS

Lahoratory Data

The erythrocyte sedimentation rate was 8 mm/L hr and 24 mm/2 hr. Urin-
alysis was normal. Freguent tests for fecal parasites and occult blood were
negative. The serum LDH was 445 U; SGOT, 26 Ut SGPT, rS U; serum
cholestlrol, r}z mg/100 ml; and uric acid,, 2.2 mg/roo ml. The serurn levels
of sodium, calcium, chloride, and urea nitrogen were within normal limits.
ASLO titer was less ihan 1? U. CRP was negative. The chest x-rav and the
electrocardiograrn were normal. The cardiac murmur was assumed to be func-
tional. There was normal gastric acidity.

Ilematologic Data and lron Metabalism

The pertinent hematologic data on the propositus and family members are
summarized in Table 1. The erythrocyte count was 3.1 X 106/cu mm, arrd the
reticulocvte count5,was 1.3olo. The hematocrit was 28.59,b. The hemoglobin
concentration wag 6.a gl10o ml. The peripheral blood film shorved marked
hvpochromia and aniso- and poikilocytosis. The leukocvte count rvas 5500
with a normal differential. The platelet count rvas L.04 x 10s/cu mm. Hemo-
globin electrophoresis rvas normal; hemoglobin F rryas O.3od, and hemoglobin
Az was within the normal range. The heat stabilit.,, test gave normal results.
The bone marrow showed erythroid hvperplasia. The nucleated cell count of
a bone marrow aspirate was 194,500/cu mm. The erythroid series constituted
59.2o/o of the cells. Proervthroblasts were 3.4o/o, and sideroblasts lvere de-
creased to 9%. There rrere no abnormal cells. Megakaryocvtes rvere normal.

The patient's serum iron (51) was 12 rgltOO ml. Toial serum iron-binding
capacitv (TIBC) r,r'as strikingly decreased to 46 rg/lAO ml. Ferrokinetic studies
revealed a plasma iron clearance half time (PIDT) of zS min (normal value.
80-120 min). Red cell iron utilization was 559/o, which was significantll' lorver
than the normal value of 85o/o-95otto.

The patient was given 5 rCi of seFeCl.t and tOo mg of vitamin C orally to
measure iron absorption. Thirtv-nine per cent of the radioactive iron was
absorbed, a value significantly higher than the normal of 8olo-219/o. Ferro-
kinetic studies and iron absorption were, for the most part, normal in farnily
members (Table 1).

Table l. Hematologic Dala and lron Metabolism
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Fig. 1. serum transferrin levels by single. radial immunodiffusion.

Senmt Trnnsfr 'r irr

The total serum protein was 7.6 gltCO ml (alubumin, 61.5olo; "r-globulin,

5.09i); ,r:-globulin, g.znil; p-globulin, 6.7o,'i'; z-globulin, 17'60'o)' The p-globu-

lin |evel was low. Since the iion-binding capacity lvas remarkably low, specific

antiserum was used to determine the serum transferrin level bv the radial

immunodiffusion method (Fig. f ). .As shorvn in Table 1, there rvas onlv a trace

of transferrin in the serum of the patient (3 mg/fOO ml, or less)' It rvas also

low in tlvo siblings, 1.4 and t3 mg/100 ml, respectively, and rvas almost half

the normal value in the parents. The transferrin levels were normal in a

younger brother as rvell as in the grandmother (Table 1). In the siblirrgs nrho

had a marked reduction in transferrin, the serum iron was low, but no anemia

was observed.
To study the turnover of circulating transferrin, rve used a purified Prepa-

ration of human transferrin (Behringwerke Laboratory) that showed a single

precipitin line on immunoelecirophoresis. The transferrin was labeled rvith't 
pCi/mg tgrl, by the chloramine T method. Free l3ll, was removeC by dialysis

against O.Of nA phosphate-buffered saline, pH 2,4, and filtration through

Sephadex G-zs. The transferrin fraction was identified by the radioactivity.

Each person was iniected intravenouslv with 3 mg of l3ll-labeled transferi'in,

ffi
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Fig. 2. Hematobjic fi ndings after transferrin supplelnent. 1 .

which had been sterilized b1' Millipore filtration. Blood samples rvere collected
at regular intervals after the injection and the radioactivity were estimated.
The t% of circulating transferrin was calculated b-r.. the method of Arvai and
Brown.r Nal solution was administered daily for 3 days prior to the studv
and was csntinued throughout the study in order to block anv uptake of l3tl

by the thyroid gland. As shown in Table 1, the clearance of labeled transferrin
in the patient and members of his family was within the normal range. The tt':
rvas 7.0 days in the patient and ranged fronr 6.9 to E.0 davs in the other nenl-
bers of the famil-v. Three control patients were studied. Thev were a 10-vr-old
child with hypoplastic anemia (serum transferrin level, tzs mg/too ml), a
S-yr-old child with bronchial asthma (Ls0 mg/100 ml), and a a-vr-old chilcl
suffering from the nephrotic syndrome and losing transferrin into the urine
po rng/100 mi). The tVz of labeled transferin in these patients was 7.3, 7.2,
and s.t days, respectivell'. No labeled transferrin lvas detected in urine concen-
tration 100-fold in the propositus or members of his famil,v bv the Ouchter-
lony method with specific antiserum, except for a trace amount in the urine of
his younger brother.

T r ansf enin-sup pleme nt in g T r eat me n t

A total of ozo ml of blood was transfused during a 4-mo period before it
had been established that he had atransferrinemia. This treatment, however,
was ineffective. On fanuary 9,1969,300 mg of an iron-free human transferrin
preparation (kindlv supplied by Dr. H. G. Schwick of Behringwerke Labora-
tory, West Germany) was transfused slowly by the intravenous route (Fig. Z).
This 9.8olo protein solution revealed several precipitin lines by immunoilectro-
phoresis, but at least 959o of the matedal was transferrin, and there was only
a trace of iron. The patient had no untoward symptoms, chills, or fever. There
was a transient increare in s€rum transferrin levcls to 15 mg/fOO ml. One
rveek later, aftcr ZOO mg of intravmous transferrin, there was a slight increase

6r
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Fig.3. Hematotogic findings after transferrin supplement. 2.

in hernoglobin. After an additional loo0 rng of transferrin 9 days later, the

serum trinsferrin level inrreased to 56/rng t00 rnl soon after the iniection and

then decreased rapidly. The erythrocyte count increased to 4.5 >i l0o by the

lgth day, and the herr.oglobin r:ontent increased to 9.2 g/ lO0 ml. The serunr

iron lcvel increased to 6i pgll00 ml 4 days af ter the iniection but subsequently

decreased. A bone marrow examination 5 days after the iniection showed a

nucleated cell count of 296,O0O/cu mm, with 40.8% erythroid cells (proeryth-

roblast 0.49b) and 20u,r sideroblasts,
'fhe 

hemoglobin content remained at 10 9/100 ml. Three months later, how-

ever, the erythrocyte count decreased to 3.3 X 106, and the hemoglobin content

decreased to 7.8 g:/lrOA ml. Accordingly, the patient was again treated with 1 g

of transferrin intravenously (Fig.3). The reticulocyte count'rvas 1.206 prior

to the injection and increased to 4.Oo/o on the sixth dav; the erythrocyte count

increased to 3.7 x 106, and the hemoglobin increased to 9.o g/ rca ml 14 days

after the iniection. Following this treatment, the hemoglobin content was

maintained at a level of g-tO g,ltOO ml. Six months after the iniection, the

erythrocyte count again decreased io 2.O X loo and the hemoglobin to 5.6 g/

10O ml. The patient was given a third treatment with 1 g of transferrin intra-

venously and once again responded. Six months later when his erythrocyte

count and hemoglobin had fallen to 4.8 tltOo ml, he received further treatment

and once again responded.
' DlscussloN

The glycoprotein transferrin (siderophilin) is a B-globulin with a molecular
weight of about 9O,OO0; its normal serum level ranges from 20O to 300 mgi
lOO ml. One molecule of trensferrin binds two molecules of trivalent iron, thus
pleying rn important role in the transfer of iron. Acquited hypotransfer-
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rinemia is observed in infection (aggregation of transferrin in the inflam-
matory. region), hepatic disorders (decrease in synthesis of transfe{rin), and
malignant hirnors.

Only thre cases of congenital atransferrinemia have been reported to date.
These are summarized in Table 2. In Heilmeyer's case, a diagnosis of severe
hypochromic anemia was made 3Vz mo after birth.! Treatments with iron
preparations, cortisone, and vitamin Brz were ineffective. Blood transfusion
was required every 3 mo, and death ocqurred at the age of 7 yr as a result
of severe hemosiderosis. Sh'b had growth retardation and repeated infections.
The other reported casess'n also had severe hypochromic anemia, with almost
complete absence of serum transferrin, and had symptoms similar to those of
Heilmeyer's cas€.

It is of interest to note that the parents of Heilmever's,e Sakata's,{ and our
present case, and the father of Cip's caieo had low serum transferrin levels
but without anemia. Of three siblings of the patient presented herein, two
had low transferritt levels but were not anemic, and the third was normal in
both respects. A sibling of Cip's patient had a mild.anemia and a low trans-
ferrin level. From these considerations, it is suggested that the inherilance
of congenital atransferrinemia is as an autosomal recessive.

In contrast to the patient reported by Heikneyer, our patient did not have
an increased incidence of infection. The serum imrnunoglobulins were normal
in the patient, as well as in his family. It was recentlv reported that transferrin
might possiblv be an inactivator of complement C3.5 In view of this, it is of
interest that the serum complement titers of the present patient and his family
were within the normal range.

The degree of iron saturation of transferrin is correlated inversely with the
rate of iron absorption.o The rate of iron absorption increases in such disease
as iron deftcienry anemia where there is an increase in unsaturated iron-bind-
ing capacity. The finding that iron absorption was increased in the present case
of congenital akansferrinemia suggests that transferrin may not plav any
esential role in the absorption of iron from the intestine.

When iniecd intravenously, the transferrin disappeared almost completelv
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from the s€rum within a week. This time interval is compatible with the known
half life of transferrin in the normal circulating blood. Interestingly, hemo-
globin and erythrocytes showed an increase that became more and more
marked with time. There was general improvement in the complexion and
activity of the present patient. Thus, it appeared that hemopoiesis was stimu-
lated by the administration of transferrin. Three to 6 mo later, the child's
clinical condition had reverted to that seen prior to treatment with transferrin.
This time interval is of interest in view of the life-span of the erythroryte. In
the treatrnent of agammaglobulinemia with human ganma globulin, the bio-
logical function of immunoglobulin (IeG) itself is utilized. Accordingly, the
effect of treatment is a function of the disappearance of the administered IgG.
On the other hand, the effect of transferrin administered to a patient suffering
from atransferrinemia reflects, in part, the stimulation of hemoglobin and
erythrocyte produchon. The duration of this effect is related to the life span
of the erythrocyte, rather than to that of the administered transferrin itself.

The advantages of using purified transferrin is that it avoids the adminis-
tratibn of iron and large anrounts of serum. Hc ver, further studies wilt be
nesessary to determine whether antibodies to transferrin may eventually
develop. During the course of this study it was noteworthy that there were
no side effects observed, and the effectiveness of treatment did not decrease
with repeated adrninistration, suggesting that antibodies had not developed
despite the heterogeneity of the preParation.
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