MEETINGS

Vitamin-Related Anemias

An international symposium on vita-
min-related anemias, organized by R. E.
Olson and sponsored by Hoffman-La-
Roche, Inc., was held in honor of W.
B. Castle on 27 and 28 May. 1968, at
Skytop, Pa. Castle was the first to dem-
onstrate [(W. B. Castle, Amer. J. Med.
Sci. 178, 748 (1929)] that a ther-
molabile substance in normal gastric
juice, together with a substance extrin-
sic to the body, is necessary for hema-
tologic remission in patients with per-
nicious anemia. He designated the
substance of the gastric juice intrinsic
factor, in contrast to the extrinsic factor
which is derived from the food.

P. A. Marks reported that work in
mice, which paralleled studies in man,
indicated that in early fetal develop-
ment the blood islands of the yolk sac
produce very primitive hemoglobins
that are represented by Gower (s,) and
Gower II (aye,) in man and E; (X,Y5),
E; (eY5), and E; (@sZ,) in mice. The
liver, spleen, and bone marrow begin
to function later in gestation and pro-
duce fetal hemoglobin F (asy,) and
adult hemoglobin A (as8,). These
hemoglobins thus reflect the cell type
responsible for their biosynthesis. Reg-
ulation at the level of DNA synthesis
and messenger RNA synthesis appears
to be a major factor in determining
the amounts of different hemoglobins
formed by the same and different cell
lines.

The function of pyridoxal-5’-phos-
phate in early steps of heme synthesis
was discussed by D. Shemin. §-Ami-
nolevulinic acid (ALA) synthetase,
which appears to be under both genetic
and feedback control, is a regulatory
enzyme for heme synthesis in both
bacteria and mammals. The ALA de-
hydrase, which links two §-aminolevu-
linic acid molecules together, was
discussed, and an attractive reaction
mechanism was presented. The mito-
chondrial membrane may limit syn-
thesis of porphyrin under some condi-
tions since the formation of §-amino-
levulinic acid occurs in mitochondria
but the dehydrase reaction occurs in
the cell sap.

The role of folic acid coenzymes in
the biosynthesis of purines and pyrimi-
dines was extensively reported by F. M.
Huennekens (Scripps Clinic and Re-
search Foundation, La Jolla). H. Weiss-
bach and R. T. Taylor (National Heart

13 JUNE 1969

Institute) reviewed the metabolic role
of vitamin By,. Vitamin B,, coenzyme
catalyzes rearrangements in molecules
in which both alkyl groups and hydro-
gen may move. The methylation of
homocysteine to methionine by N5-
methyl tetrahydrofolate is an example.
The methylation of deoxyuridylic acid,
on the other hand, involves a transfer
of the hydroxymethyl group from folic
acid to acceptor with a simultaneous
reduction involving the oxidation of
tetrahydrofolate to dihydrofolate. The
dihydrofolate is then reduced to tetra-
hydrofolate by a separate enzyme, dihy-
drofolate reductase, which has been
characterized by Huennekens. This
enzyme is markedly inhibited by anti-
folate compounds and is greatly in-
creased in leukemic white cells. Wheth-
er the ribonucleotide reductase of
human bone marrow is dependent on
vitamin By, is still an unanswered ques-
tion according to Beck (Harvard Medi-
cal School), who discussed deoxyribonu-
cleotide synthesis (in bacteria and
animal cells) and the role of vitamin
B;. in erythropoiesis. If enzymological
studies can demonstrate a clear-cut de-
pendency of that reductase on vitamin
B, in animals (Beck has already some
indications for it), a direct influence
of vitamin B;, on the synthesis of de-
oxyribonucleic acid would become
evident. If not, the previously men-
tioned postulation of an indirect in-
fluence of vitamin B;, on ribonucleic
synthesis by means of folic acid (Weiss-
bach) would receive further support.

The function of vitamin E in hemo-
poiesis and hemolysis was discussed by
M. K. Horwitt and C. D. Fitch (St.
Louis University School of Medicine).
A deficiency of vitamin E causes ane-
mia in the rhesus monkey many months
after the appearance of creatinuria and
other signs of this deficiency. Abnormal
precursors of red cells accumulate in
the bone marrow, and incorporation of
thymidine into the nuclei of these
precursors is increased, which suggests
that “marrow arrest” is the cause of the
failure to manufacture -erythrocytes
normally. Studies with chromium-54
indicate that survival of erythrocytes is
also decreased. This anemia responds
promptly to vitamin E, with a marked
reticulocytosis, disappearance of mor-
phological abnormalities in the bone
marrow, and normalization of hemo-
globin concentration.

C. A. Finch (University of Washing-

ton School of Medicine) reported that,
as determined by use of Fe??, about 20
mg of Fe pass through the plasma
compartment in 1 day, whereas 1 mg
of dietary iron is absorbed. In aplastic
anemia there is no erythroid marrow
to utilize labeled iron, which results
in a direct uptake of the radioactivity
from the plasma transferrin by the
liver.

Many aspects of folic acid deficiency
in man were discussed by V. Herbert
(Mt. Sinai School of Medicine). These
included the increased folate require-
ment in pregnancy and hyperthyroid-
ism; frequency of folate deficiency
(especially in economically disadvan-
taged people of the world); etiology of
folate deficiency (inadequate ingestion,
absorption, or utilization, and increased
excretion) ; blood and nerve damage in
folate deficiency; laboratory diagnosis,
and the treatment of folate deficiency.
In his report on pernicious anemia
and its variants, F. Thedering (Pius
Hospital, Oldenburg, Germany) re-
viewed mainly the known causes and
pathogenesis of pernicious anemia,
that is, vitamin B,, deficiency caused
by lack of intrinsic factor (hereditary
lack, antibodies against intrinsic factor,
gastric atrophy, and so forth); inade-
quate intake or malabsorption of vita-
min By,; infestation with the fish tape-
worm; and the blind loop syndrome.
When antibodies against intrinsic fac-
tor or the parietal cells of the gastric
mucosa are found, a repeated, or even
lifelong, therapy with By, becomes
necessary.

In their review of the pyridoxine-
responsive anemias in man J. W. Harris
and D. L. Horrigan (Western Reserve
University) reported two cases of pa-
tients with pyridoxine-responsive ane-
mia accompanied by sideroblastosis.
One patient, observed since 1956,
showed a normalization of the blood
after prolonged pyridoxine treatment.
When the pyridoxine therapy was with-
drawn, a progressive decrease of eryth-
rocytes and concentration of serum
folate were observed, and morphologi-
cal abnormalities in the marrow and
peripheral blood become evident. In the
second patient, under study for 14
years, a previously unrecognized meta-
bolic relation in erythropoiesis between
pyridoxine, tryptophan, and indolic
substances derived from mammalian
liver is now indicated.

F. E. Viteri and J. Alvarado (Insti-
tute of Nutrition of Central America
and Panama) pointed out that the
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anemia of protein-calorie malnutrition
in children is often a multiple etiology
and may reflect simultaneously occur-
ring deficiencies in hemopoietic sub-
stances in addition to deficiencies in
protein and calories. Thus, hematologic
recovery is complete only if the supply
of folic acid, iron, vitamin By, ribo-
flavin, and pyridoxine is adequate. In
the type of protein-calorie malnutrition
seen in Central America, it appears
that the complicating concurrent multi-
ple deficiency diseases are not as prom-
inent as in other parts of the world. In
Guatemalan children, the red cell mass
is reduced in proportion to lean body
mass and was repaired during therapy
in proportion to lean body tissue. In-
teraction between protein anabolism
and stores of other required nutrients
such as iron and folic acid was em-
phasized; there generally is a decrease
in the plasma concentrations of these
substances during the brisk anabolism
of hemoglobin.

Erythropoietin, an endocrine-like
substance that is capable of stimulating
red cell production in mammals, has
not been fully characterized but it ap-
pears to be a glycoprotein of relatively
low molecular weight (70,000) synthe-

sized by the kidney in response to hy-
poxia or anemia (C. Gurney, Rutgers).
It is believed that erythropoietin stimu-
lates the synthesis of DNA, RNA, and
d-aminolevulinic acid, a precursor of
heme in hemopoietic tissues.

E. V. Cox (Royal Berkshire Hospi-
tal) reported that normocytic or mac-

- rocytic anemia occurs in patients with

scurvy. The bone marrow in these
patients appeared to be macronormo-
blastic and hypercellular but not mega-
loblastic. The controversial question of
whether vitamin C is a primary agent
in hemopoiesis was discussed. There is
conflicting evidence that other vitamin
deficiencies may coexist in scurvy and
complicate the interpretation of the re-
sponse of the anemia of scurvy to
vitamin C. Nonetheless, there are un-
complicated cases of anemia in scurvy
that do respond to vitamin C. The data
suggest that anemia of scurvy has more
than one cause and that ascorbic acid
may potentiate the use of other nutri-
ents required in hemopoiesis.

W. J. Darby (Vanderbilt University)
reviewed the tocopherol-responsive
anemias in man which have been ob-
served in infants with protein-calorie
malnutrition in Jordan, Nigeria, and

Thailand. The amount of tocopherol in
serums of children with this anemia
range from 0.2 to 0.6 mg/100 ml per-
cent, a value considered low but not
deficient when compared with animal
studies. In some investigations, a full
reticulocyte response accompanied by
hemoglobin synthesis was observed. In
others studies, particularly those in
South India, where megaloblastic anem-
ia is common, vitamin E causes a
reticulocyte response without net hemo-
globin synthesis. In contrast to kwashi-
orkor, L. Barness (University of Penn-
sylvania) has observed that vitamin E
arrests the hemolytic anemia observed
in premature infants, reduces reticu-
locyte counts, and extends the life of
the red cell.

All of the papers presented in this
symposium will be edited by R. S.
Harris and published in volume 26
(1968) of Vitamins and Hormones.
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