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Among the biochemical alterations which
accompany erythroid cell maturation are a

loss of total cellular RNA, a decrease in the
percentage of ribosomes existing in clusters

( polyribosomes) and a diminishing capacity

to synthesize heme and globin. This study

investigates the factors controlling erythroid

maturation-in particular, the relationship

of RNA metabolism and protein synthesis
to the morphologic changes.

Rabbit blood with a high percentage of

reticulocytes and containing nucleated red

blood cells was studied in an in vitro sys-

tern in which conditions were adjusted to
insure a progressive maturation of the red

blood cells as evidenced by morphologic
criteria. Total RNA was measured. Ribo-

somes were separated by centrifugation and

the proportion of polyribosomes determined

by sedimentation in a sucrose density grad-
ient. The rate of protein synthesis was as-
sayed by the incorporation of C14-labeled
amino acids into hemoglobin.

During incubation at 37 C. in vitro,

there regularly occurred a decrease in the

percentage of reticulocytes, a loss of total

RNA, and a decrease in the proportion of

Further studies have been conducted on

the bioassay of erythropoietin by the meas-

urement of RBC radioiron incorporation in

the mouse rendered polycythemic by dis-

continuous exposure to hypoxia. Repeated

assay of a working laboratory standard of

sheep erythropoietin (ELS) against the
primary reference standard (Erythropoietin

Standard A) in a 2 + 2 dose design re-

vealed the two standards as equivalent
preparations. Combined estimate of the mean

polyribosomes, while incorporation of C14�

leucine into protein continued. The omission

of amino acids from the incubation mixture

caused cessation of protein synthesis.

Despite the lack of protein synthesis under

these conditions, the breakdown of poly-

ribosomes into single ribosomes and the dis-
appearance of reticulocytes proceeded at

the same rate as in cells actively syntheslz-
ing protein. On the other hand, puromycin

or NaF, agents which dissociate poiyribo-

somes, inhibit protein synthesis in relation

to the degree of polyribosome breakdown

induced. The disappearance of reticulocytes

proceeded at similar rates in these incuba-

tions. At 0 C., protein synthesis, breakdown
of ribosome clusters, and disappearance of
reticulocytes all ceased.

These data indicate that ( 1 ) protein

synthesis in reticulocytes is dependent upon

the presence of polyribosomes, and ( 2 ) the
breakdown of polyribosomes is not depen-

dent upon continuing protein synthesis. The

study of maturing erythroid cells in vitro

provides a useful model for the elucidation

of factors controlling cell maturation under

normal and pathologic conditions.

relative potency indicated a potency ratio

of 0.98, very close to the theoretic value of

1 . More representative data, based on the
response to standard (ELS) in 15 four-

point assays, showed a mean index of pre-

cision (lambda) of 0.17. Only in one assay
was a slope failure evident and in no case

was a deviation from parallelism between

sheep material and standard observed.
The polycythemic mouse assay was ap-

plied to a study of the pattern of plasma
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EFFECT OF Ar’rnsmlA TO ERYTHROPOIETIN ON THE IN Vrruo FE59 INCORPORATION

BY RABBIT BONE MARROW CELLS

V. Paviovic-Kentera, E. Gardner, Jr. and R. D. Lange, Division of Hematology,

Department of Medicine and Microbiology, Medical College of Georgia,

Augusta, Ga.

It is well-known that shielding of the

spleen during whole body irradiation not

only affords considerable protection to the

animal as a whole (greater survival and
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clearance and urinary excretion of exogenous

erythropoietin in the dog. Plasma clearance

of intravenously administered sheep erythro-

poietin was found to be a multiphasic pro-

cess: half-times for the initial rapid phase

( 0-i hour) were in the 25-40 minute range

while those for the slower component of

the disappearance curve ( 1-24 hours ) were
of the order of 9 to 10.5 hours. Despite the
loss of up to 70 per cent of the injected

activity from the plasma compartment with-

in 3.5 hours, urine recovery of the factor was

quite low-about 2 per cent of the injected

dose in two experiments where 1600 units

were given and 5 per cent in a third ex-

periment in which a dose of 3200 units

was employed.

Standard renal clearance measurements

The metabolic enhancement effect of

erythropoietin on in vitro assay systems has

not been completely accepted. In this paper,

the in vitro conditions necessary for the

demonstration of an effect of concentrated

sheep plasma erythropoietin on the 45-hour
Fe59 incorporation of rabbit bone marrow

cells in suspension culture are reported. The

effect of antibodies of erythropoietin will

also be presented.

A 1:6 dilution of autologous serum in

Eagles M E M was utilized. Approximately

20,000/mm.3 nucleated cells, in series of

triplicates, were placed in a shaking incuba-

tor at 37 C. for 45 hours. Controls were

kept at 4 C. The standard deviation for each

series of three samples was low; however,

the marrows differed in their ability to in-

corporate Fe59. Approximately 50 per cent

of the iron was found in the heme fraction.

The value of 4 C. was taken to represent

the amount of iron physically bound, where-

as the 37 C. sample was used as the 100

were made for 3.5 to 5 hours after adminis-

tration of erythropoietin. Injection of the
hormone did not markedly influence GFR

( exogenous creatinine method ) or RPF

( PAH method ) . The excretion rates of the
factor were uniformly low with clearance

values ranging from 0.2 to 0.6 ml. per mm.

Erythropoietin clearance represents only a

very small fraction (0.1 to 0.4 per cent)

of the creatinine clearance.

The results are interpreted as indicating

that renal excretion in the active form does

not represent a major pathway for the

elimination of exogenous erythropoietin.

Studies of the plasma clearance and renal

handling of endogenous erythropoietin and

of exogenous material in various experi-

mental states are in progress.

per cent value for each experiment. The

addition of 1.25 cobalt units of erythro-

poietin uniformly caused an approximately

two-fold increase in Fe59 incorporation.

Antibodies to erythropoietin have been

found to neutralize the effect of the hor-

mone as measured by bioassay. When the

antisera were added to the in vitro system,

the effect of added erythropoietin was also

neutralized. The iron incorporation was

completely inhibited; the values fell to the

4 C. levels. The antisera also completely

inhibited the Fe59 incorporation caused by

normal sera without added erythropoietin.

The addition of isologous sera without anti-

bodies to erythropoietin did not significantly

change the Fe59 incorporation.

These studies suggest that antibodies to

erythropoietin neutralize the effect of added

erythropoietin and also the normal serum

factors which control the incorporation of

Fe59 by bone marrow cells.

ROLE OF ERYTHROPOIETIN IN RECOVERY FROM RADIATION INJURY

Abraham Gutnisky, John Schooley and Donald Van Dyke, Donner Laboratory of Medical
Physics, University of California, Berkeley, Calif., and the Consejo Nacional de

Investigaciones Cientificas y Tecnicas, Buenos Aires, Argentina
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HEME SYNTHESIS DEFECT IN “REFRACTORY” ANEMIAS WITH INEFFECTIVE ERYTHROPOIESIS

Manfred Steiner, Mario Baldini and William Dameshek, Blood Research Laboratory, Pratt

Clinic-New England Center Hospital, and the Department of Medicine, Tufts University

School of Medicine, Boston, Mass.
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more rapid recovery ) but is followed by de-

velopment of increased erythropoiesis in

the shielded spleen. The rapid (IevelOpmeflt

of ectopic erythropoiesis in the spleen oc-

curs in the absence of any apparent stimu-

his ( anemia or hypoxia ) . That post-irradia-

tion splenic erythropoiesis is under erythro-

poietin control has been demonstrated in

this study by acceleration with exogenous

erythropoietin administration and by sup-

Pression with hypertransfusion and anti-
erythropoietin antibodies. These results mdi-

cate that the “effective” endogenous erythro-

Previous investigations on the anemia of

the Di Guglielmo syndrome ( erythro-leu-
kemia, erythremic myelosis ) , “refractory

sideroblastic anen�ia” and thalassemia have

suggested a disturbance in hemoglobin

formation in these conditions. The aim of

the present studies was to obtain a direct

demonstration of this defect and to p05-

sibly determine its site in the biosynthetic

pathway of henie.

Two enzymes of pre-eminent importance

in the formation of herne, delta-amino-

levulinic acid dehydrase and heme-synthe-

tase, were assayed quantitatively in erythroid

cells of l)Ofle marrow aspirates from pa-

tients with the above anemias. All the pa-

tients had: (a) high degrees of ineffective

erythropoiesis, (b) variable degrees of hy-

pochromia of the red cells, (c) high serum

iron, and (d) increased numbers of sidero-

blasts.

Low values of delta-ALase and heme-

synthetase activity were found in the pa-

tients with the Di Guglielmo syndrome

(four patients) and in those with “refractory

sideroblastic anemia” (three patients).

While the depression in activity of heme-

synthetase was of variable degree in these

poietin titer rises abruptly following total

body irradiation (spleen-shielded) in the ab-

sence of evidence of anemia, hypoxia or

other known stimuli to erythropoietin pro-

duction.

Of singular interest is the ol)servation that

not only did the anti-erythropoietin antibody

suppress ectopic erythropoiesis in the lead-

protected spleen but that the protective ef-

fect on the body as a whole was similarly

modified. The importance of erythropoietin

in mediating the radiation protection effect

will be discussed.

two conditions, the depression of delta-

ALase was more striking in the Di Guglielmo

syndrome than in “refractory sideroblastic

anemia.”

Thalassemia major ( four patients ) showed

the highest degree of depression of delta-

ALase and heme-synthetase.

Control studies included bone marrows

from patients with untreated pernicious

anemia, megaloblastic anemia of “malab-

sorption,” autoimmune hemolytic anemia

and acute leukemia. Normal enzyme activ-
ities were found in patients with the latter

two diseases. In the ones with megaloblastic

anemias, delta-ALase activity was highly

increased while heme-synthetase was slight-

ly elevated.

Further studies on factors influencing

delta-ALase activity in a cell-free system

demonstrated an inhibitory action of proto-

porphyrin. This finding was interpreted

as evidence for a negative feed-back mech-

anism regulating the synthesis of heme.

Conclurion: A defect in heme synthesis

of variable degree was demonstrated in the

anemia of the Di Guglielmo syndrome, “re-

fractory sideroblastic anemia,” and thalas-

semia major.

PRoDu,rioN OF SIDERO:YTES IN PYRIDOXINE-DEFICIENT SWINE

A. Deiss, G. E. Cartu�right and Max M. Wintrobe, Department of Medicine, College of

Medicine, University of Utah, Salt Lake City, Utah

Erythrocytes with Prussian blue staining numbers in the blood of splenectomized in-

granules (siderocytes) may appear in large dividuals with increased erythropoiesis or
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THE ANEMIA OF HUMAN RIBOFLAVIN DEFICIENCY

Clarence P. A/frey, Jr. and Montague Lane, Departments of Medicine and Pharmacology,

Baylor University College of Medicine, and the Radioisotope Service, Veterans

Administration Hospital, Houston, Texas
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defective hemoglobin synthesis. The sig-

nificance of these granules and the mecha-

nism by which the spleen normally removes

them is unknown. To investigate these phe-

nomena a means of producing siderocytes

in large numbers was sought.

Pyridoxine deficiency was produced in

young swine. Approximately coincident with

the development of anemia, siderocytes ap-

peared in all, rose to a maximum in 4 to 8

weeks and then remained relatively con-

stant. As expected, siderocytes were more

numerous in splenectomized pyridoxine-de-

ficient than in intact deficient animals, the

mean of maximum observed values being

32 per cent and 10 per cent respectively.

The mean of similar observations was 0.3

Ier cent in a group of normal controls and
0.4 per cent in a group of splenectomized

controls. Dietary iron intake was restricted

in an additional group of pyridoxine-de-

ficient, splenectomized swine; the resulting

slight iron deficiency was associated with a

In the course of evaluation of galacto-

flavin-induced human riboflavin deficiency,
we have observed the development of a

pure red cell aplasia. Each of eight patients

(leveloped progressive anemia and reticulo-

cytopenia. In some instances hemoglobin

levels fell as much as 9 gm. per 100 ml.

Indices and peripheral smear revealed the

anemia to be normochromic and normocytic.

No changes were noted in the white cell
or platelet counts. The plasma iron clearance

rate (T #{189})was as long as 300 minutes at

the height of the deficiency. The percentage

of iron incorporated into the red blood cells

was reduced to less than 1 per cent in 30

days. Counts taken over the various organs

revealed that a major portion of the radio-

slower rise in number of siderocytes and

lower maximum values, the mean being

9 per cent. A group of splenectomizeci,

pyridoxine-deficient animals was given iron

intramuscularly. The mean of maximum

siderocyte counts in these animals was 43

per cent, a value which was not significantly

higher than that of the group of splenectom-

ized, pyridoxine-deficient swine not “loaded”

with iron. The mean for a group of iron-

loaded but non-splenectomized animals with

pyridoxine deficiency was 9 per cent.

Following treatment with pyridoxine, sid-

erocyte counts fell, reaching control levels

in 1 to 2 weeks in the non-splenectomized
and in 4 to 7 weeks in the splenectomized

animals.

Pyridoxine deficiency produces an anemia

in swine characterized by a block in heme

synthesis. The siderocytosis observed in this

study is presumably a consequence of this

effect.

iron introduced went to the liver. Serial

marrow examinations revealed a gradual

reduction in basophilic and polychromato-

philic normoblasts. M:E ratios as high as

10 were noted in several patients.

The administration of riboflavin to these

patients resulted in a prolonged reticulocy-

tosis, erythroid hyperplasia of the bone mar-

row and correction of the anemia despite

continuation of the riboflavin-deficient diet
and galactoflavin administration. These

studies demonstrate that riboflavin is es-

sential for human red blood cell formation.

Galactoflavin-induced riboflavin deficiency
provides a model for production of reversible

pure red cell aplasia in man.

ERYTHROKINETICS IN ANEPHRIC MAN

David C. Nathan, Eugene Schupak and John P. Merrill, Peter Bent Brigham Hospital,

Boston, Mass.

Surgical total nephrectolny performed in error has afforded an unique opportunity to

four individuals either in preparation for investigate the role of the kidney in human

renal homograft or as a result of diagnostic red cell production. Bone marrow smears,

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/22/6/808/571403/808.pdf by guest on 19 M

ay 2023



THE EFFECT OF ACUTE URRMIA ON DNA SYNTHESIS IN BONE MARROW, SPLEEN, INTESTINE

AND THYMUs

E. S. Kurtides, W. A. Rambach and H. L. Alt, Department of Medicine, Northwestern
University Medical School and Passavant Memorial Hospital, Chicago, Ill.

PANCREATIC ENZYMES AND INTRAVASCULAR Hm.roLYsIs

Thomas R. Walters and Pere Owen, (introduced by Sloan J. Wilson), University of Kansas
Medical Center, Kansas City, Kan.
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reticulocyte counts, Fe59 kinetics, and Cr5’

red cell survivals have been performed in
three patients with chronic uremia whose

residual kidney tissue was ablated from 3

to 27 days prior to the studies. One previous-

ly normal man was rendered renoprival 11

days prior to the study. The results indicate

that erythrokinetics in renoprival chronic

uremics are in no way different from those

in patients with chronic uremia whose dis-

eased kidneys remained in situ. The ac-

cidentally nephrectomized male had plenti-
ful erythroid precursors in the sternal mar-

row smears; a reticulocyte count of 2 per

cent; uptake and release of Fe59 by the

sacral marrow; and accumulation of 100 per

The proliferative activity of bone mar-

row, spleen, thymus and intestine has been

studied in normal, nephrectomized and

ureter-ligated rats utilizing tritiated thymi-

(line incorporation into DNA. The erythro-

poietic activity of these animals has been

further evaluated after stimulation with

erythropoietin.

Bilaterally nephrectomized animals showed

a significant suppression of DNA synthesis

and Fe59 uptake by the bone marrow ano
spleen 48 hours post-nephrectomy. The ad-

ministration of erythropoietin prevented the
suppression of Fe�9 uptake in these animals,

and was followed by a rise in splenic DNA

synthesis. This increase in DNA uptake was

not equal to that noted in normal animals

following the administration of erythro-
poietin. Bilateral ureter-ligated animals,
with a degree of uremia equal to that seen

Occasionally the phenomena of elevated

free plasma hemoglobin or methemalbumin-

emia may occur in patients with pancreatitis.

The mechanism of their formation is contro-

versial. One explanation has its origin in

the demonstration in several of these pa-
tients of both circulating haptoglobin and

cent of the dose of Fe59 by newly formed

erythrocytes in 6 days. The apparent red cell
life span (Cr51) was definitely reduced.
Marrow iron stores were increased.

These studies permit the view that if

erythropoietin is necessary for any erythro-

poietic function in man, its sole site of
synthesis cannot be the kidney. Also, it is

unlikely that the anemia of human uremia

is due chiefly to low erythropoietin produc-

tion in diseased kidneys. Total absence of
kidney tissue does not necessarily lead to
more profound erythropoietic depression
than that frequently observed in chronic

uremics whose kidneys remain in situ.

in the bilaterally nephrectomized rats, re-

vealed no suppression of erythropoiesis and

responded in a completely normal fashion to
the administration of erythropoietin.

Intestinal DNA synthesis was not sup-

pressed by uremia whether the latter was
induced by bilateral nephrectomy or bilater-

a! ureter ligation. DNA synthesis was sup-

pressed in the thymus by either bilateral

nephrectomy or bilateral ureter ligation.

The thymic suppression was not reversed

by erythropoietin.

These observations indicate that acute
uremia of major severity, but of relatively

short duration, does not suppress the prolif-
erative activity of all tissues. The effects
of uremia on various tissues is apparently

modified by presently unidentified factors.

For erythropoietic activity, such modifiers

apparently have their origin in renal tissue.

methemalbuniin. The formation of methem-
albumin is thought to follow the occurrence
of intra-abdominal hemorrhage, the absorp-

tion of hematin and the subsequent forma-

tion of methemalbumin. However, the dem-

onstration of free plasma hemoglobin and

increased osmotic fragility with experimental
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EFFECT OF PROLACTIN ON ERYTHBOPOIESIS IN THE MOUSE

I. H. Je’pson and L. Lowen.stein, Division of Haematology, &�yal Victoria Hospital and

and University Clinic, McGill University, Montreal, Que.
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pancreatitis and trypsin infusion suggests

that intravascular hemolysis may the source

of these compounds. Recently a 2-year-old

female who had previously sustained min-

imal abdominal trauma was investigated.
She was found to have anemia, reticulo-

cytosis, increased free plasma hemoglobin,

methemalbuminemia and hemoglobinuria in

association with an elevated serum amylase

and transection of the pancreas. These find-
ings prompted further investigation into the

mechanism of the formation of free plasma

hemoglobin and methemalbumin in pan-

Although the effect of certain hormones
on erythropoiesis is well-known, the effect of

prolactin on erythropoiesis has not been

described. Because the polycythemic mouse

is extremely sensitive to alterations in

erythropoietic stimulation, this animal was
utilized to determine if the hormones studied

altered erythropoiesis in the suppressed

erythropoietic state.

Polycythemia was induced in both nor-
mal and orchidectomized male mice by

chronic exposure to a hypoxic environment.

On the 4th and 5th days after removal from

the hypoxic environment, the test mate-
rials-testosterone, progesterone, ovine pro-

lactin, bovine growth hormone, pooled preg-

nant mouse plasma and lactating mouse

plasma-were injected and followed by

Fe59 utilization and hematocrit determina-

tions.

It was demonstrated that Fe59 RBC util-

ization increased significantly in polycythem-

ic mice receiving 500 to 1000 jtg. of pro-

creatitis. Accordingly, 62.5 mg. and 12.5 mg.

of trypsin were infused intravenously into
dogs and evidence for hemolysis was in-

vestigated. Elevated free plasma hemoglo-

bin, increased erythrocyte osmotic fragility

after incubation for 24 hours and plasma
spectrophotometric charges offer further

evidence that free plasma hemoglobin and
methemalbuminemia in pancreatitis may be

sequelae of circulating pancreatic enzymes

and the occurrence of intravascular hemol-
ysis.

lactin, lactating mouse plasma, pregnant

mouse plasma and testosterone. In orchidec-

tomized polycythemic mice receiving pro-
lactin only, a slight increase of Fe59 RBC

incorporation occurred. Growth hormone

produced only a slight increase (p = 0.1).

Progesterone was ineffective.
The effect of long-term administration of

prolactin as compared to testosterone on

erythropoiesis was also studied in groups of

normal and orchidectomized male mice in-

jected over a 1-month interval.

Prolactin administered for 1 month to

normal and orchidectomized mice produced

an increase in red cell mass ( measured with
Cr51) in both groups, equal to that induced

by testosterone. Hematocrits and reticulo-
cytes were also elevated. Prolactin, there-

fore, shows erythropoietic stimulatory activ-
ity, even in the absence of the testes, and

it may be responsible, wholly or in part,

for the erythropoietic stimulatory activity of

pregnant and lactating mouse plasma.

INCREASED CELL MEMBRANE PERMEABILITY IN THE PATHOCENESIS OF HEREDITARY

SPHEROCYTOSIS (HS)

Harry S. Jacob and James H. Jandl (introduced by Louis K. Diamon), Thorndike Memorial
Laboratory and Second and Fourth ( Harvard) Medical Services, Boston City Hospital,

and the Department of Medicine, Harvard Medical School, Boston, Mass.

Effects of erythrostasis on metabolism of Surprisingly, these cells consumed glucose

normal and HS erythrocytes were correlated faster than normal, even while losing via-

with effects on their viability when trans- bility.

fused into normal subjects. Erythrocytes of Correlated with their abnormally rapid

splenectomized HS patients lost viability loss of viability, HS cells accumulated so-

rapidly when packed or deprived of glucose. dium more rapidly than normal during in-
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STUDIES CONCERNING THE PATHOGENESIS OF AUTOERYTHROCYTE PuRPUEA

George S. Groch, William Rogoway, David Fircher and Stuart C. Finch, Department of

Internal Medicine, Yale University School of Medicine, New Haven, Conn.
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(Libation. Na2” influx into HS erythrocytes

was 1 .7 times that in normal cells; extrusion

of Na24 by active transport was correspond-

mgly increased. Inhibition of active cation

transport by ouabain or K+ depletion di-

Iiliflishe(l glycolysis toward normal in HS

cells without affecting normal cells. Con-

trasted to normal, hereditary spherocytes

(lepende’(l constantly on ATPase for pump-

ing out excess Na. Thus, they rapidly ac-

cumulated sodium and lost viability on cx-

posure to ouabain.

Addition to the suspending medium of

sucrose diminished sodium influx and ac-

cumulation by incubated hereditary sphero-

cytes. Osmotic swelling was thereby re-

(Inced, in vivo survival prolonged, and

marked autohemolysis characteristic of in-

cubated 1-IS cells was prevented. Autohem-

olysis in HS, therefore, is essentially Os-

motically induced.

The pathogenesis of autoerythrocyte pur-

pura was investigated in two female pa-

tients from the standpoint of possible etio-

logic agents, sites of local reactivity and in-

hihition of development of lesions.

Saline-washed autologous erythrocytes
were hemolyzed with distilled water. The

stroma was removed at 6600 g. Stromal

lipids were extracted from a portion of this

with both ether and chloroform-methanol.

‘rlie erythrocyte small particle fraction con-

siste(1 of the residue following centrifuga-

tion of the hemoglobin solution at 78,000 g.

Isotonic supernatant hemoglobin and saline

suspensions of the stroma, lipid-extracted

stroma (elanin), stromal lipid, and erythro-

cyte mitochondrial fractions were prepared

for skin testing.

Positive response consisted of the develop-

ment of a painful erythematous ( elevated

area, about 3 cm. in diameter, at the injec-
tion site within 24 hours, followed by dis-

coloration. Positive reactions occurred with

either autologous or homologous erythro-

cytes, erythrocyte stroma, or stromal lipid.

The chief component of the lipid fraction

These findings indicate that hemolysis of

hereditary spherocytes is attributable to

“overwork,” not to deficient energy metabo-

lism. The following sequence is proposed:

( 1 ) The primary defect of the HS erythro-

cyte resides in its membrane which is ab-

normally permeable to sodium; ( 2) height-

ened sodium influx stimulates active so-
(html extrusion by arousing the usually latent

ATPase system; (4 ) the resulting increased

breakdown of ATP provides energy for ca-

tion transport and liberates ADP and inor-

ganic phosphate, which in turn stimulates

glycolysis. Under optimal conditions, as in

the general circulation, these compensatory

mechanisms suffice. During metabolic stress,

as is believed to occur in the spleen, sodium

accumulates intracellularly, and irreversible

changes in membrane permeability and,

ultimately, hemolysis ensue.

was identified as phosphatidyl serine by

means of silica gel chromatography. Intense

reaction also occurred with a suspension of

highly refined phosphatidyl serine. Delayed

discoloration without induration or pain de-

veloped following injection of the autolo-

gotis elanin. There was no response to injec-

tions of hemoglobin, erythrocyte small par-

tide fraction, RNA, calf thymus DNA, sal-

mon sperm I)NA, phosphatidyl ethanol-

amine or saline.

Both patients developed purpuric lesions

on all four extremities, but the skin over

the posterior thorax reacted in only one of

the two. Injections of either corticosteroid

or antihistamine mixed with autologous

erythrocytes failed to inhibit the develop-

ment of local lesions. There was no clinical

improvement following systemic adminis-

tration of antihistamine, corticosteroid, or

chloroquine.

These results suggest that erythrocyte

phosphatidyl serine may play a role in the

initiation of the purpuric response in certain

patients with autoerythrocyte purpuric dis-

ease.
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REMOVAL OF IRON FROM PATIENTS WITH SECONDARY HEMOCHROMATOSIS

Marion E. Eriandson, Julius Goluhow, Jacqueline Wehman and Carl H. Smith, New York
Hospital-Cornell University Medical Center, New York, N. Y.

DISTINGUISHED LECTURE

1:30 P.M.

CARCINOGENIC AND LEUXEMOGENIC MECHANISMS: �ras IMPLICATIONS OF RECENT ADVANCES

Alexander Haddow, University of London and Chester Beatty Research Institute, Institute

of Cancer Research, Royal Cancer Hospital, London, England
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Previous investigation of one agent, DTPA,

capable of inducing urinary excretion of

iron, h�is revealed that its chelation po-

tential is not 51)ecific for this cation. Eval-

nation of desferrioxamine in this laboratory

has confirmed that its use has not been as-

sociated with increased urinary excretion of

calcium, magnesium or copper.

Older patients with thalassemia major

may demonstrate some degree of increased

urinary excretion of iron in the absence of

medication. However, since in six patients

this has been noted after onset of complica-

tions considered to result from hemochrom-

atosis, this finding cannot serve as an ade-

(luate criterion of need for chelation ther-

apy. Per cent saturation of iron-binding

protein has also not been useful. Total satur-

ation occurs early as a manifestation of the

(lisease itself rather than as a reflection of

body iron stores. Therefore, an attempt has

been made to utilize excretion of iron in-

(luced by desferrioxamine as a basis for se-

lection of patients for chelation therapy.

Eight patients with thalassemia major, 5

to 17 years of age, have received a stand-

ardiZe(l dose (12-13 mg/Kg.) of this agent

intramuscularly. Urinary iron contents dur-

ing 24-hour periods prior to and following

injections have been measured. Results are

tabulated below.

Patient

Age (years)

Iron in urine

(mg./24 hr.)

Before injection

After injection

1 2 3 4 5 6 7 8

5 8 8 10 11 13 14 17

0.4 0.6 0.7 0.4 0.5 0.7 2.3 3.8

2.9 1.3 10.9 3.4 8.0 7.2 18.0 22.8

Repeated injections are probably not yet

warranted in younger patients where excre-

tions of only 1-4 mg. of iron per 24 hours

have been induced. However, repeated in-

jections are being prescribed for all patients

in whom excretion after this test dose has

l)een 8-10 mg./24-hr. period or more.

The rate of advance in our knowledge of

chemical, physical, and viral carcinogens is

such as to hold out the prospect-perhaps

within the next 10 years, or possibly even

less-of a synthetic comprehension of their

mechanisms of action. In some cases at

least-not necessarily in all-the mecha-

nisms involve chemical alteration, often

through relatively specific reactions, of nu-

Among five patients in such a program at

present, reduction in skin pigmentation and

subjective feelings of improvement have

been reported in each. It is too early as yet

to comment on signs of reversal of tissue

damage.

cleic acid integrity. In turn, this induces

not merely essential processes of cytogenetic

deletion but also in certain circumstances

antigenic fortification and even the appear-

ance of fresh antigenic constellations. The

immunologic consequences will be dis-

cussed, with particular emphasis on the

function of the thymus and of the lympho-

cyte.
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THE AUTOCHTHONOUS MITOTIC ABILITY OF BLOOD LEUCOCYTES IN CmioMc MY�ocYTIc

LEUKEMIA

Avery A. Sandberg, Y. Kikuchi and Lois H. Crosswhite, Roswell Park Memorial Institute,
Buffalo, N. Y.
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2:30 TO 5:30 P.M.

Si-uDIES OF THE EFFECT OF LEUKOCYTES ON TUMOR Gnow’rn

Chester M. Southern, Sloan-Kettering Institute for Cancer Research, New York, N. Y.

Delayed rejection of homografts has been

demonstrated in many cancer patients us-

ing subcutaneous transplants of human can-

cer tissue-cultured cell lines as the test

method. Healthy recipients reject promptly.

In seeking the cause of this impaired re-

jection, various immunologic responses have

been tested in cancer patients and controls.

Patients with cancer (excluding lymphomas)

had no apparent incapacity to form serum

antibody, but their ability to mobilize mac-
rophages was impaired ( Rebuck test), and

development of delayed hypersensitivity to

dinitrofluorobenzene was commonly de-

pressed. These observations, together with

data in the literature which shows participa-

hon of lymphoid cells in the rejection of

hoinografted skin and tumor and in delayed

hypersensitivity reactions, focused our at-

tention on cellular defense mechanisms.

Results of three types of studies will be

presented briefly. ( 1 ) Comparative studies,

in normal volunteer recipients, of the growth

of human cancer cell hornotransplants when

injected alone or when mixed with “immune”
leukocytes ( from healthy volunteers who

It has been amply demonstrated that a

phytohemagglutinin factor (PHA) or other

mitogenic substances are necessary for the

growth of certain blood cells (lymphocytes

and monocytes ) in short-term culture (48-

72 hours) suitable for karyotypic examina-
tion. The present study was performed in

order to ascertain whether blood cells in

chronic myelocytic leukemia (CML) re-

quire exogenous mitogenic substances for

growth and division. The bloods, which con-

tained substantial numbers of immature

leukemic cells (myeloblasts, promyelocytes,

myelocytes) and lymphocytes, of 10 patients
with CML were studied. In each case blood
cells were cultured for 48 hours with and

exhibited accelerated graft rejection as the

result of previous cancer cell homotrans-

plants ) , or mixed with “non-immune” leuko-

cytes from a healthy donor who has not had

previous cancer cell transplants; ( 2) corn-

parative studies of the growth of autotrans-

plants of human cancer cells with and with-
out the addition of autologous leukocytes;

(3) studies in inbred mice (C5Th1/6) of

the effect of autologous spleen cells on auto-

chthonous ( methyicholanthrene-induced)
sarcomas, using autotransplant, isotrans-

plant, and tissue culture technics.

In each of these studies there was some

evidence that leukocytes from the individual

( man or mouse ) bearing the transplanted,
induced, or spontaneous cancer, inhibited

the growth of that tumor. Although the
data are preliminary and do not permit of

any firm conclusions, they are sufficient to

encourage further study of the hypothesis
that cell-associated immunologic mecha-

nisms may be active in the rejection of tu-

mor homografts in man, and may be a

mechanism of resistance to naturally oc-

curring cancer.

without PHA and 30-50 metaphases anal-

yzed. In the bloods of seven patients with

Ph1-positive cells, 92 per cent of the meta-
phases contained the Phi chromosome in

the absence of PHA, in contrast to the 32

per cent observed in the presence of PHA.
The number of mitoses was similar under
both conditions. To test the concept that
cells with the Phi chromosome were en-
dowed with an autochthonous ability to

grow and divide, the bloods of three sub-

jects with CML and devoid of the Phi

autosome, both in marrow and blood meta-
phases, were cultured with and without
PHA. The extent of cell growth, morphology

and division, including the number of meta-

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/22/6/808/571403/808.pdf by guest on 19 M

ay 2023



SEQUENTIAL OBSERVATIONS IN Vivo OF LEUKOCYTIC INTERACTIONS WITH AuTocHTHoNous

AND HOMOLOGOUS CANCER CELLS IN MAN

Michael J. Brennan, I. W. Rebuck and R. W. Talley, Division of Oncology and Department

of Pathology, Henry Ford Hospital, Detroit, Mich.

THE CONSISTENT OCCURRENCE OF AN EXTRA AND A MARKER CmioisfosoME IN Two

PASSAGED MOUSE GRANULOCYTIC LEUXEMIAS

Niel Wald, Arthur C. Upton and Vernon K. Jenkins, University of Pittsburgh, Pittsburgh,

Pa., and Oak Ridge National Laboratory, Oak Ridge, Tenn.
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phases, was similar under both conditions.

In all cases the results were unchanged

when normal serum was substituted for CML

serum during the incubations. In the ab-

sense of PHA, normal blood cells failed, for

all practical purposes, to grow and mitose

under the conditions employed. The find-

ings indicate that: (1) Blood cells in CML,

Autochthonous tumor cell suspensions

were prepared in Eagle’s medium at a con-

centration of 105 cells per ml. Similar sus-

pensions of HeLa cells were also made up.

These were placed in 4 mm. lesions covered

by 15 mm. square cover slips in the oppo-

site forearms of seven patients. The infiam-

matory exudates were sampled at 4- to 8-
hour intervals for 92 hours.

A series of photomicrographs is presented

to illustrate the interactions between the

host leukocytic cells and the autochthonous

and homologous neoplastic cells.

Neoplastic cells appeared to incorporate

neutrophilic cytoplasmic fragments. “Islet”

formations of leukocytes surrounding neo-

plastic cells were frequent. There was

A primary post-x-irradiation granulocytic

leukemia of the RF/up mouse has been

serially transmitted by inoculation of RF/up

recipient mice with leukemic spleen cells,

cell-free spleen extract, or plasma ( Jenkins

and Upton; Cancer Res., in press ) . Its

transmissability by cell-free filtrates contain-

ing virus particles has been demonstrated

by electron microscopy (Parsons, et. al.:

Cancer Res. 22:728, 1962). The similarity

of clinicopathologic features of this disease

with those of human chronic granulocytic

leukemia, and the regular occurrence of

the Phi chromosome in patients with the

latter disease prompted a search for a simi-
larly characteristic chromosomal abnormality

in mice with this leukemia.

with or without the Phi chromosome, are

capable of growth and division in the ab-
sence of PHA; (2) lymphocytes in normal

or leukemic blood require PHA for growth

and division; and ( 3 ) leukemic blood leu-

kocytes in CML do not require exogenous

mitogenic factors in order to undergo

mitosis.

morphologic evidence of destruction of the

homologous HeLa cells by leukocytes in

some instances. Though autochthonous

neoplastic cells also manifested a potent

leukostatic effect, they did not appear to

be injured by surrounding leukocytes.

In the past we have commented on the

possible cytotrophic function of neutrophilic

cytoplasmic particles ingested by mono-

nuclear cells during the early phases of in-

flammatory exudate evolution. The observa-

tions made during this study raise the ques-

tion of a similar trophic effect of neutro-

philic cytoplasm on autochthonous tumor

cells and may have a bearing on the prey-

iously observed acceleration of tumor growth

rates produced by local inflammation.

Cytogenetic analyses were performed of

bone marrow cells from 1 1 mice inoculated

with spleen cells ( 5), spleen extract ( 5),

or plasma ( 1 ) , who subsequently developed

granulocytic leukemia. The majority of cells

analyzed showed a shift in modal number

to 41 chromosomes. Also, the majority of the

modal cells, as well as some non-modal cells,

had one abnormal-appearing marker chrom-
osome. Both the increase in percentage of

41 chromosome cells and the apparently

identical marker were present in all 11

cases of leukemia.

Investigation is in progress of a second

myeloid leukemia passage line derived in-

dependently from a primary neutron-ir-

radiated RF/up female leukemic mouse.
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SERIAL CHRoaiosoi�fE STUDIES IN ACUTE LEUKEMIA

Leonard E. Rei.snian and Wolf W. Zue!zer, The Child Research Center of Michigan,
Ann Arbor, Mich.

APPARENT Loss OF FEEDBACK INHIBITION OF LEUKOCYTE A5PARTATE TRANSCARBAMYLASE

GRANULOCYTIC LEUKEMIAS

Morton D. Prager, Sara E. Bryan, Joseph M. Hill and Ellen Loch, \Vadley Research

Institute and Blood Bank and the Graduate Research Institute of Baylor University,

Dallas, Texas
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Preliminary results in 14 recipient leukemic

mice indicate the presence of the same

marker and modal shift. These findings sug-

gest an etiologic process incorporating fea-

tures of 1)0th viral and somatic mutation

In (1 I)��V��lI5 study of 52 cases of child-

hood leukemia, we were al)le to demonstrate

the consistent occurrence of aneuploidy in

l)OI1(’ marrow PreParatiOns during relapse,

and the normal (liplOi(l mode of 46 during

remission, irrespective of the duration of

the disease or the type of therapy used. The

Pr(’s(Ilt report deals with 40 cases of child-
hood leukeiuia in which serial chromosome

studies were made. In seven cases, several

cycles of relapse, remission, and subsequent

relapse were stu(lied. In each instance, the

particular aneuploid stem line present dur-
ing the first relapse ( or initial active state)

re-emerged iO the subsequent relapse,

whereas during the intervening remission

there was a replacement with diploid cells.

In orw instance with marrow relapse per-

sisting (luring a period of 6 months, the

identical stem line with a modal number of

65 chromosomes persisted throughout de-

Feedback inhibition, perhaps the most

important process regulating small molecule

synthesis, iml)lies that the end product of a

l)iosynthetic pathway inhibits the first

enzyme unique to the I)athWaY. Aspartate

transcarl)amylase ( ATC ) , the first enzyme

i�niqi�e to pyrimidine synthesis, is subject

to end product control (inhibited by pyrimi-

dine derivatives) in bacteria and normal rat

liver and hepatomas. Our studies are con-

cerned with feedback control of this enzyme

in normal and leukemic human leukocytes.

ATC was measured in leukocyte extracts

in the presence and absence of nucleotide

triphosphates. Cytidine triphosphate (CTP)

inllil)ite(l ATC activity 60-70 per cent in

each of 14 pools of normal leukocytes from

concepts of leukemogenesis. A hypothesis

concerning the mechanism and possible cx-

perin�ental tests of its validity will be dis-

cussed.

spite varied therapy.

In a second group of 18 children thus far

studied, in only one relapse followed by re-

mission, a consistent relationship between

chromosome karyotype and morphology

of the bone marrow was found. A third

group of 12 children studied thus far only

in remission have shown a remarkably con-

stant diploid bone marrow. Three patients

seen only in relapse have had constant

aneuploidy.

Although there appears to be no single

specific mode in acute leukemia, the evi-

dence indicates the presence of a character-

istic aneuploid stem line in each individual

patient. No direct relationship between the

degree of aneuploidy and the duration of

the disease and the form of therapy used

has been found. The implication of these

findings for the nature and therapy of acute

leukemia will be discussed.

41 pints of blood. In a smaller series, uridine

triphosphate ( UTP), thymidine triphosphate

( TTP ), and deoxy CTP were also inhibitory,

while the purine derivative GTP at the same

concentration ( 2 x 104M ) had no effect

On enzymatic activity. These data support

the tentative conclusion that feedback in-

liibition of ATC operates in normal leuko-

cytes.

The pattern of inhibition in chronic

lymphocytic leukemia has thus far fol-

lowed that observed for normal white cells.

In both acute and granulocytic leukemias,

however, a reversal of this effect was ob-

served. Not only is CTP not inhibitory, but

in the four acute and five chronic cases

studied, it stimulated the enzymatic activity
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BONE MARROW HOMOGRAFTS FOLLOWING HOMOLOGOUS LEUXOCYTE TRANSFUSION IN

PATIENTS WITH ACUTE LEUKEMIA

Robert H. Levin, Jacqueline Whang, Paul J. Schmidt, Emil J. Freireich and Emil Frei III,
Medicine Branch, National Cancer Institute, and Blood Bank, Department of Clinical

Pathology, National Institutes of Health, Bethesda, Md.

as acquired resistance to methotrexate

(MTX), the uptake of tritium (H3 )-labeled
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up to 80 per cent. UTP, similarly studied

in four cases, has also been stimulatory, as

have TTP, deoxy CTP, and ATP in a smaller

group of patients. Several members of a

family with an unusually high incidence of

leukemia have been studied. In two in-

dividuals with heinatologic abnormalities,

but without a clear picture of leukemia,

Transfusion of peripheral blood leuko-
cytes from donors wtih chronic myelocytic

leukemia ( CI’sIL) to patients with infection

and granulocytopenia has been followed by

1)ersistent mitotic activity of the transfused
cells in several recipients. The Philadelphia

( Phi ) chromosome abnormality of CML,

present in the donor’s cells, was used as a

cytogenetic marker to follow the fate of

the transfused cells. Evidence for persistent

activity of donor cells was found in 12

recipients, 6 to 66 days after leukocyte

transfusion. The maximum number of

scoreable cells in metaphase which con-

tamed the Phi chromosome varied from 5

to 99 per cent in the bone marrow and 0

to 90 per cent in the peripheral blood.

Granulocytic hyperplasia was the char-

acteristic morphologic pattern seen in the

l)OI1C marrow following transfusion. This oc-

curred in marrows which were hypoplastic

or replaced with leukemic cells prior to

leukocyte transfusions. This pattern either

evolved into a morphologic pattern in-

distinguishable from the usual remission

bone marrow or was eventually replaced

by leukemic cells. In two cases, marked

granulocytic leukemoid response was ob-

served in the peripheral blood.

One patient to be discussed in greater

detail received two leukocyte transfusions;

ATC was found unresponsive to CTP. If, as

these data suggest, there is a loss of feed-

back control over a metabolic pathway

important in nucleic acid synthesis, it may

be of considerable importance to the uncon-

trolled proliferation of leukocytes in the

granulocytic leukemias.

the first from a female, was followed 12

days later by a transfusion from a male.

During the next 2 months cytogenetic

evidence of three cell populations was ob-

tamed from repeated bone marrow examina-

tions. The majority of the cells were female

Phi positive. A small proportion were male

Phi positive, and a few, presumably the

patient’s own cells, were male Phi nega-

tive. In this case granulocytic hyperplasia

was not observed but rather a marked

erythroid hyperplasia ( M :E 1:20).

The marrow morphology was manifest

peripherally by reticulocytosis to 16 per cent

and a spontaneous rise in hemoglobin from

9 to 15 Gm. per cent. In addition, as high

as 84 per cent of the patient’s circulating

red blood cells, which were originally

blood group 0, were found during the 79-

day post-transfusion period to be group A

cells. These cells presumably originated

from the female leukocyte donor who was

group A; the male donor, like the recipient

was group 0.

Presence of cells of donor origin in the

marrow and peripheral blood of patients re-

ceiving leukocyte transfusion indicates that

replication, maturation, and release of these

cells can occur for prolonged periods fol-

lowing transfusion.

UPTAKE OF TRITIUM-LABELED METHOTREXATE BY HUMAN LEUKEMIC LEUKOCYTES

C. A. Fire/icr, J. R. Bertino, P. Caiabress, D. H. Clement, R. P. Zanes, M. S. Lyman,

J. H. Burclienal and Arnold D Welch. Yale University School of Medicine and St. Raphael’s

Hospital, New Haven, Conn., and the Sloan-Kettering Institute and Memorial Hospital,

New York, N. Y.

As part of a program that has as its ob-

jective the understanding of natural as well
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CONTRASTING INCIDENCE OF ACUTE MONOCYTIC AND GRANULOCYTIC LEUKEMIA5, IN p32W

TREATEI) PATIENTS WITH POLYCYTHEMIA VERA AND CHRONIC LYMPHOCYTIC LEUKEMIA

Edwin E. Osgood, l)ivision of Experimental Medicine, University of Oregon Medical

School, Portland, Ore.

In an attempt to delay the development

of drug refractoriness in 135 children with

acute leukemia, 114 of whom already had

become unresponsive to 6-mercaptopurine,

a cyclic use of three antileukemic corn-

pounds was instituted. Prednisone (2.2 mg./
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MTX by human leukemic leukocytes in

vitro, a� well as in vivo, has been studied

in 10 patients. The studies in vitro were

performed by incubating isolated leukocytes
obtained from blood of patients with leu-

kemia with MTX-H� (specific activity, 423

nic./mmole) at a final molarity of 6 x 10�.

At various times after incubation, aliquots

of cells were removed and their radioac-

tivity was determined (Biochem. Pharmacol.

11:1233, 1962). An active (energy-de-

pendent) transport system for uptake of

MTX was demonstrable in vitro with the

cells of patients with acute leukemia.

The results in vitro were compared to
findings obtained after the oral administra-

Between January 1, 1947, and Decem-

l)er 31, 1954, 101 patients with poly-

cythemia vera and 201 patients with

chronic lymphocytic leukemia were started

Ofl p32 therapy. As of April 1, 1963, 14

of the polycythemia vera patients had de-

veloped acute leukemia, of which eight

were monocytic and six granulocytic, and

only five of the chronic lymphocytic leu-

kemia patients had developed acute len-

kemia of a different cell type (all monocy-

tic). Chi-square for this is 13.88, p <<

0.01. The patients with lymphocytic leu-

kemia received more than twice as much

p32 (7386.16 mc.) as the polycythemia

vera patients (3389.5 mc.). One mc. of

p12 intravenously is equivalent to about 15

r of total body x-irradiation in its effect

on lymphocytic or granulocytic leukemic

cells. In each disease the patients with

acute leukemia were randomly distributed

in terms of total p32 dose, dose rate, time

at risk, initial lenkocyte count and age at

tion of 5 or 10 mg. of unlabeled MTX to
these patients, with determination of Se-

flIIfl and leukocyte concentrations of MTX
at 2, 4, 6, and 24 hours after drug. The
initial rates of transport, the equilibration

levels, the ability of cells to retain drug,

and dihydrofolate reductase levels also were
studied.

In general, the leukocytes of patients

with acute leukemia that both transported

MTX readily in vitro and retained the drug

responded well to standard treatment with
MTX, whereas either poor uptake or poor

retention, or both, correlated with poor

clinical responses.

onset of the acute leukemia. The poly-

cythemia patients have had a total of 883.58

and the chronic lymphocytic leukemias a

total of 850.21 years at risk from initiation
of our p32, or one case per 63.31 years at

risk in the polycythemias and one per 170

years at risk in the lymphocytic leukemias.

Twenty-seven of the chronic lymphocytic

leukemia patients and 36 of the poly-

cythemia patients are living. The mean
age (last birthday) at death of the poly-

cythemia patients is 68.7 years and 66.25

years for the chronic lymphocytic leukemia

patients. Thirty-eight of the polycythemia

patients and 90 of the lymphocytic leu-

kemia patients were over age 70. While

incidence in either disease is far higher than

would be expected from linear extrapola-

tion of current estimates of radiation risks,

these observations suggest that there are

factors other than the �32 which have con-

tributed to this incidence of acute leu-
kemias.

CYCLIC CHEMOTHERAPY FOR ACUTE LEUKEMIA IN CHILDREN

C. A. Brubaker, H. E. Wheeler, M. J. Sontey, C. B. Hyman, K. 0. Williams and
1). Hammond, Department of Pediatrics, University of Southern California

School of Medicme and Division of Hematology, Childrens Hospital,

Los Angeles, Calif.
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THE EFFECT OF NORMAL AND LEUKEMIC HUMAN LEUKOCYTES ON THE UPTAKE OF

THYMIDINE BY LEUKEMIC CELLS

Seymour Perry and John C. Marsh, Medicine Branch, National Cancer Institute, National

Institutes of Health, Bethesda, Md.
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Kg/day), methotrexate (0.2 mg./Kg./day),

and 6-mercaptopurinc ( 2.5 mg./Kg./day)

were given successively, each for 6-week

periods. The cycle was repeated continu-

ously with all three agents until relapse

occurred. The agent in use at the time of

the relapse was dropped from the cycle

and the remaining two agents were used

alternately. When relapse occurred on one

of these, therapy was continued with the

remaining agent until it was no longer effec-

tive. All cases were evaluated to determine

the period of clinical control of leukemia

achieved by this therapy. The period of

clinical control was defined as the time

from onset of therapy with these agents

until the disease had become refractory to

all three agents. Criteria adopted by the

Acute Leukemia Cooperative Chemother-

Recent studies have demonstrated that

mature, non-�)rohferating tissues contain in-

hibitors of DNA synthesis. Proliferating and

regenerating tissues contain substances

which enhance DNA synthesis.

Using leukocytes from patients with

chronic myelocytic leukemia ( CML) as test

cells in vitro, it was shown in this investiga-

tion that homogenates from both normal

and leukemic cells inhibit the uptake of

tritiated thymidine ( H3TDR). This inhibi-

tory factor could also be demonstrated in

the suspending medium containing intact

normal leukocytes and, to a lesser extent,

in the medium containing leukemic cells.

I)ata was obtained suggesting that the

inhibition was due to the presence of thy-

midine phosphorylase. The amount of in-

hibition of H3TI)R uptake by the various

leukocyte preparations was related to the

levels of thymidine phosphorylase activity.

Normal lenkocytes were shown to contain

significantly higher levels of this enzyme

than leukemic cells. Leukocytes from pa-

tients with acute leukemia had the least

amount of the enzyme.

The enzyme in these preparations cleaved

thymidine to thymine. This effect was

thought to be responsible for the inhibition

of H�TDR uptake since tritiated thymidine

apy Group A were used for evaluation of

response.

Of 135 cases entered on study, 19 patients

had inadequate trials, and five cases were

excluded because of protocol deviations.

The mean duration of clinical control

achieved in the remaining 111 patients was

19+ months (median 14, range 5 to 93+

months). Mean duration of clinical con-

trol in the entire group of 135 patients was

17+ months (median 13, range 0 to 93+

months). The disease was controlled I)y

this therapy in 24 (22 per cent) for 2

years or more; in nine (8 per cent) for 3

years or more, and in six (5 per cent) for

4 to over 7 years as of October 1963. At

prseent, 12 patients remain on study, llav-

ing been under control for periods of 2 to

7% years.

is not incorporated into leukemic cells.

Thymine was catabolized by both normal

and leukemic cells to dihydrothymine and

presumptive evidence was obtained that the

latter was converted to l)eta urcido-

isobutyric acid.

Stimulation of H�TDR uptake by leu-

kemic leukocytes was demonstrable under

certain experimental conditions. If CML

cells were incubated in autologous ijiasma

at 37 C. after centrifugation, the resultant

cell-free plasma enhanced H:�TI)R uptake

in the test system as much as 200 per cent
of the control. Normal leukocytes, under

identical conditions, inhibited the uptake.

The enhancing factor has not yet been

characterized but it is stable in storage at

-20 C., to heat at 60 C. for 30 minutes,

and is dialyzable.

The results of this invetsigation indicate

that normal and leukemic human leuiko-

cytes contain substances which can both

inhibit and enhance the uptake of H�TDR

by CML leukocytes. Furthermore, under

certain experimental conditions, it can be

shown that these substances are elaborated

into the surrounding medium. It has been

proposed by others that enzymes concerned

in thymidine metabolism may he important

in regulating DNA synthesis. This study
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OBSERVATIONS ON THE GASTROINTESTINAL ADMINISTRATION OF BOVINE SPLENIC

HOMOGENATE ON HEMATOPOIESIS IN MAN

Raymond W. Monte, James A. Barron and Vainutis Vaitkevicius, Henry Ford Hospital and
Detroit Institute of Cancer Research, Detroit, Mich.
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suggests the possil)ility that leukopoiesis

may, at least in part, be controlled by lo-

cal concentrations of factors derived from

Thirty-two latiellts with a variety of re-

fractory hematologic cytopenic disorders re-

ceived bovine splenic ( 27 ) , renal (2),

muscle ( 1 ) , thymus homogenate ( 1 ) and

1)lOOd ( 1 ) by continuous intragastric tube

feeding. Fresh and frozen whole homo-

genate, supernatant and seclinient were

given in amounts of approximately 1000

GIll. daily for 7 to 14 days. Rats received

whole splenic homogenate, supernatant, and

se(liment in the quantity of 10 Gm. spleen

or 24 ml. supernatant daily by gastric tube

for 5 (lays.

In patients, the following determinations

were made at 2-day intervals: hemoglobin,

hematocrit, red cell, reticulocyte, and plate-

let counts, and sertini uric aci(1. Bone mar-

�0W examinations and blood proteins were

recorded before and after therapy. In rats,

platelet counts were obtained on alternate

(lays for 5 days.

Thrombocytosis an(l/Or megakaryocytosis

��‘as encountered in all subjects, patients and

rats, receiving splenic homogenate. Maxi-

11)111)) activity appeared to be in the super-

nate. Rat assay resulted in a mean increase

ill platelet count from 800,000 to 1,950,000

per (II. 11110. Significant increase in uric acid

1)100(1 levels was found in each patient, a

maximum of 19.8 mg. per cent in one

individual. Progress bone marrow examina-

tions gave evidence of augmented hemato-

poiesis. This was most striking in the

megakaryocytic line with increased mega-

karyocytes and maturation. Reticulocytosis

in the anemias and granulocytosis in the

leukopenias were regularly observed in

varying degrees. No significant alterations of
total blood proteins or serum electrophoresis

leukocytes which affect DNA synthesis and

subsequent cell division.

occurred.

Representative patients: Intermittent

acute idiopathic thrombocytopenic purpura,

previously splenectomized, steroid failure,

subsequently megakaryocytopenic and throm-

bocytopenic for 4 months demonstrated

thrombocytosis with return of platelet count

to normal levels maintained for over an 8-

month period. Hodgkin’s disease with

pancytopenia and bone marrow hypoplasia,

thrombocytopenic for 6 months demon-

strated platelet response before nitrogen

mustard therapy and maintained normal

count for over 3 months. Congenital eryth-

roblastopenia, previously splenectomized,

showed thrombocytosis from 400,000 to

995,000 per cu. mm., reticulocytosis 0.9 to

6 per cent and increase in hemoglobin

( Hb ). Oral therapy of 500 ml. supernatant

over a 4-month period, Hb rose from 5.8

to 12 Gm., highest attained during life

( 23 years ) . Agranulocytosis ( chlorpronia-

zine ) , severe toxicity, ulcerative stomatitis,

and septicemia demonstrated circulating

granulocytes within 4 days and subsequent

complete recovery in 1 week.

No remarkable hematologic alterations

occurred with administration of kidney,

muscle, thymus, or blood in a limited cx-

perience.

The gastrointestinal administration of

bovine splenic homogenate appears to have

a myelostimulatory effect. This response is

most noticeable in the presence of cytopenia.

Observations thus far suggest principle ac-

tivity to be present in the supernatant. The

apparent responses may be non-specific due

to absorption of nucleoprotein degradation

products or of a myelostimulatory factor( s).

IN Vivo EFFECTS OF l)IAGNOSTIC X-IRBADIATI0N OF PERIPHERAL LEUKOCYTE CHROMOSOMES

IN MAN

Arthur D. Bloom and I. Jin Tjio (introduced by George Brecher), Research Branch Division

of Radiological Health, U.S.P.H.S., Rockville, Md. and Laboratory of Experimental

Pathology, N. I. H., Bethesda, Md.

The sensitivity of human leukocyte chro- has been demonstrated 1)0th in vitro and

mosomes to high doses of ionizing radiation in vivo. In studying a series of adult pa-
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9:00 A.M. TO 12:15 P.M.

LYMPHOCYTE CONTENT ANI) PROLIFERATIVE CAPACITY OF SERIALLY TRANSPLANTED MOUSE

BONE MARROW

G. Cud kowicz, A. C. Upton, G. M. Shearer and W. L. Hughes (introduced by T. T. Odd!,

Jr.) Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn., and Medical

Research Center, Brookhaven National Laboratory, Upton, N. Y.
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tieiits exposed to diagnostic x-irradiation,

inclu(ling fluoroscopic examinations, an at-

temI)t has been made to evaluate the radio-

sensitivity of leukocyte chromosomes at

very low (loses.

Pre- and post-irradiation blood samples

were obtained on 12 individuals. Leukocytes

were harvested after 72 hours in culture,

according to the method of Moorehead et

al. In each of five patients who had gastro-

intestinal procedures with fluoroscopy, 2-4

per cent of the approximately 100 screened

metaphase cells had significant chromosomal

changes of the multi-hit, or exchange type,

within 30 minutes of completion of the

x-ray examination. The air dose in these

instances was 30 r or less. In four of the

five patients, the effects were transient; the

The ability of transplanted mouse bone

marrow cells to colonize the spleen of an

irra(liated recipient is not dependent on the

number of erythroblasts and myeloblasts

present in the inoculum, but rather on more

primitive Precursors. Ifl(lirect evidence sug-

gests that the precursor cell in question may

be related to the small “marrow lympho-

cyte.” It is the purpose of this study to

investigate ( 1 ) whether the failure of

serially transplanted marrow to promote re-

(lIvery of hemopoietic function in irradiated

isogenic recipients results from exhaustion

of the marrow-lymphocyte pool, and (2)

whether lymphocyte-deficient marrow can

l)e restored by administration of isogenic

lymph node cells.

(BALB/c x A/He)F1 female mice were

exposed to 850 r of x-rays and received

5 x 10� marrow cells. Marrow was retrans-

planted at 35-day intervals into secondary,

tertiary, and quarternary recipients. The

latter received in addition 10� fresh lymph

node cells. The proliferative capacity of

the marrow was determined by estimating

fifth patient had abnormalities persisting for

1 month post-irradiation. Seven other pa-

tients who had chest films or intravenous

pyelograms with an air dose of less than

3 r demonstrated no chromosomal altera-

tions.

This observation indicates that diagnostic

irradiation may produce chromosomal aber-

rations in human leukocytes in vivo. Based

on the kind of aberrations seen, and the

time relationships, it is likely that the

parent cells affected were in the G1 period

of interphase at the time of irradiation.

This may he a specific effect on the lym-

phocyte which is believed to be the main

source of bloxl culture metaphases (Mac-

Kinney et al.: Blood 19:349, 1962).

its ability to promote uptake of iododeoxy-

uridine-1141 into the DNA of recipient

spleens, and was correlated with its cdlii-

lar constitution as revealed by differential
cell counts. The lymphocyte content ap-

peared to be directly correlated with the

proliferative capacity of the marrow

throughout the experiment, and both were

persistently decreased after the first trans-

plant. With serial transplantation, the lym-

phocyte deficiency and the inability to

proliferate were accentuated. Fresh lymph

node cells did not correct these marrow

deficiencies, although the survival of the

recipients improved. Changes in the erythro-

blast and myeloblast content of the trans-

planted marrow did not appear to he cor-

related with its competence for continued

proliferation.

The results reconfirm previous observa-

tions suggesting the involvement of small,

mononuckated, lymphocyte-like marrow

cells in hemopoietic cell production. They

also suggest that such a cell is not derived

from lymph node lymphoblasts.
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I)EGRANUI.ATION OF POLYMORPHONUCLEAR LEUXOCYTES FOLLOWING PHAGOCYTOSIS-

AN ELECTRON MICROSCOPIC STUDY

Dorothea Zucker-Franklin and James G. Hirsch, Department of Anatomy, New York

University School of Medicine, New York, N. Y.
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STUDIES ON THE TRANSIT-TIME AND FATE OF NEUTROPHILIC GRANULOCYTES IN MAI’m

7’. M. Fliedner and E. P. Cronkite, Medical Research Center, Brookhaven National

Laboratory, Upton, N. Y.

(Research supported by the U. S. Atomic Energy Commission)

The purpose of this study is to determine

the transit-time and fate of neutrophilic

granulocytes in man autoradiographically

after labeling with tritiated thymidine

( H:ITDR ). The appearance of labeled seg-

mented neutrophils in the circulating blood

WaS (leterlllined in several patients with a

variety of hemopoietic states and found to

l)e 3.5 to 4 (lays under “normal” conditions.

This tinie is equal to the minimal maturation

til)le from the last myelocyte division to the

formation of segmented neutrophils. Corn-

I)aratiVe bone marrow studies show that

labeled segmented neutrophils appear si-

nitiltaneously in bone marrow and blood.

The labeling index climbs more slowly in

the marrow than in the peripheral blood and

it is not clear as to whether the marrow

labeling ever attains as high a labeling in-

(lex as the blood. \Vhen the appearance of

labeled granulocytes was studied as a func-

tion of the number of segments, it was

found that the maturation time of cells with

2, 3, 4, 5, 6 and more was identical. This

can be taken as direct evidence against

Arneth’s concept of granulocyte maturation.

Light niicroscopy and phase cinematog-

raphy have demonstrated that the ingestion

of niicroorganisins by neutrophils results in

a loss of cellular granules. Since disappear-

ance of granules is seen primarily near the

phagocytic vacuole, it is possible that

granules either lyse in the cytoplasm stir-

rounding the vacuole or that they are dis-

charged into the vacuole. To elucidate this

mechanism an electron-microscopic study

was undertaken.

Rabbit peritoneal neutrophils were in-

cubated with staphylococci or zymosan

under conditions described previously. At

time intervals ranging from 1-15 minutes,
cells were fixed in suspension by the addi-

tion of 2 per cent osmic acid. Dehydration

An attempt was made to trace the fate of

labeled segmented neutrophil3 by studying

oral lavage preparations. The fraction of

segmented neutrophils is small compared

to the epithelial cells. Labeled segmented

neutrophils appear in oral lavage prepara-

tions at the same time as in the blood. The

pattern of the curve for the appearance and

disappearance of labeled neutrophils in

blood and oral lavages is identical. This is

direct evidence for a random disappearance

of granulocytes from the blood, regardless of

age. This random process is overlapped by

an aging process of granulocytes. Pyknotic,

presumably dying, granulocytes have a fre-

quency of 1 :500 in concentrates of the blood

granulocytes. Label appears in the pyknotic

cells 24-36 hours after the first labeled cells

appear in blood or oral lavages. This mdi-

cates that segmented granulocytes have a

statistical chance of aging and commencing

a death process while within the blood

stream. This suggests that this aging process

may set a maximum residence time of 24-36

hours for granulocytes within the blood.

and embedding in Epon 812 were accom-

plished by standard procedures.

In specimens fixed 1 % minutes after in-

cubation, ingested organisms were sur-

rounded by a small membrane-lined vacuole.

Occasionally, granules were seen to dis-

charge into this vacuole. In such instances

fusion between the membrane of the vacuole

and that of the granule seemed to have

taken place, thus permitting release of gran-

ular enzymes directly into the extracellular

space (the phagocytic vacuole) without dis-

ruption of the cell membrane.

In specimens fixed 3-5 minutes after in-

cubation, the phagocytic vacuole was larg-

er and its lining membrane had a scalloped

appearance suggesting that repeated fusion
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Tm� IDENTIFICATION OF CERTAIN LEUKOCYTE ANTIGENS

henry F. Wilson, Howard M. John.ron and Matthew C. Dodd, Division of Hematology,

Department of Medicine, Ohio State University, Columbus, Ohio

SPECiFICITY OF AB CROSS-REACTING ANTIBODY

Gerald Schiffnian and Calderon Howe, The John Herr Musser Department of Research

Medicine, University of Pennsylvania, Philadelphia, Pa., and Columbia University,

New York, N. Y.
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of granule membranes with vacuolar mciii-

branes had taken place. I)iscrete granules

devoid of membranes were seen in the

vacuole. Others had become confluent and

foriiied a rim (If niaterial around the in-

gested organism of the same electron density

as the content of intact granules.

Ten healthy male volunteers were im-

munized by repeated injections of washed

leukocytes which had been found to be

antigenically different from the recipients’

cells. All subjects developed leukocyte-ag-

glutinating and complement-fixing anti-

bodies 40 to 249 days after initial immuniza-

tion. Antibody disappeared from the blood

from 47 to 223 days after final antigen ad-

ministration. Total antigen required for the

development of antibody varied from 1.6

to 14.0 x 10� cells.

This group of antisera, each containing

antibodies to leukocytes of a single donor,

were used to study the occurrence and dis-

tribuition of leukocyte antigens in 224 nor-
nial subjects and clinic patients who had

no evidence of reticuloendothial system ab-

normality. Though a few subjects appeared

to carry a single major antigen, most in-

dividuals carried multiple antigens, and in

this series 50 per cent of the donors carried

either four or five antigens.

Adsorption-agglutination studies thus far

indicate that there are at least four major

A group 0 individual, He, immunized

with human blood group B sputum, RS2,

produced AB cross-reacting antibody. The
immunizing antigen was shown to be B sub-

stance by quantitative precipitation of anti-

B and by alkaline degradation to dialyzable

fragments capable of inhibiting B-anti-B

but not A-anti-A precipitation. Injection in-

to another group 0 individual, Ho, elicited
:t rise only in anti-B. RS2 failed to inhibit

agglutination of group 0 erythrocytes by

extracts of Ulex europeiis seeds and did not

It is postulated that the nieclianism de-

scribed here is not limited to phagocytosis,

hut that it may be a universal process by

which substances injurious to the cell can

l)C discharged to the outside without enter-

jug the cytoplasm.

and five minor leukocyte antigens. Antigens

I-IV are strong antigens as evidenced by

the promptness of development and persis-

tence of antibodies, and the intensity, re-

producibility and titer of specific antisera

to these antigens. Antigens V-X appear to

be weaker by the same criteria. Of the four

major antigens, I was found in cells of 95

per cent of the 224 subjects, II in 84 per
cent, III in 55 per cent and IV in 77 per

cent.

Leukocytes from the donors used for im-

munization were used as test antigens in

the study of fetal-induced leuko-agglutinins

in 15 maternal sera furnished by Dr. Rose

Payne. Using different methods for the de-

tection of agglutinins, workers from our

( two) laboratories agreed in 85 per cent of

the tests for leuko-agglutinins.

The occurrence of similar antibodies fol-

lowing the introduction of antigens along

different routes in two different groups of

recipients strongly supports the antigenic

specificity of leukocytes.

precipitate antibody from an anti-A serum.

Both anti-A and anti-B activity could be

precipitated from serum He with either

blood group A substance or B substance.

The precipitation of cross-reacting antibody

from He serum by blood group A substance

could be completely inhibited by dialyzable

fragments derived from either blood group

A substance or B substance. The precipita-

tion of antibody from He by blood group B

substance could be completely inhibited by

dialyzable components from B substance and
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STUDIES OF ANTIBODY SYNTHESIS IN TISSUE CULTURE

Julius Kritzman, Tufts University School of Medicine, and the A. G. Rotch Laboratory of

the Boston Dispensary, Boston, Mass.
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partially by components from A substance.

Since the dialyzable components derived

by alkaline cleavage of blood group B sub-

stances have been shown previously to in-

hul)it specifically B-anti-B precipitation and

to have no effect on A-anti-A precipitation,

the r(’sults Ol)taifled contradict the hypo-

thesis of I)odd. This hypothesis states that
AB cross-reacting antibody possesses both

A and B specific sites. The results are also

A system lills been developed for main-

taming monolayer cell cultures derived from

guinea pig spleen cells and peritoneal exu-

date cells using a medium consisting of 75

per cent Tissue Culture Medium 199, 20 per

cent pooled normal guinea pig serum and

5 per cent fetal calf serum. Preliminary at-

tempts to establish such cultures in Medium

199 fortified with heterologous serum (rab-

bit) instead of homologous serum were un-

successful. Fetal calf serum was found to

be essential for the establishment of the

cultures during the first 10 days. After that,

cultures could be maintained in 75 per cent

Medium 199 and 25 per cent pooled guinea

pig serum. Cell cultures derived from cells

obtained from guinea pigs hyperimmunized

contrary to the suggestion of Wiener that

a new and different specificity, C, is in-

volved.

A third hypothesis (\Viener and Owen)

that A-B cross-reacting antibody is formed

against a structure common to both A and

B blood group substances appears to be

correct. It is concluded, however, that this

common structure is smaller, not larger, than

the A and B determinant.

against human serum albumin have been

shown to produce antibodies over extended

periods of time. Studies on antibody pro-

duction as a function of time revealed that

there was a progressive increase in antibody

titer reaching a peak after several weeks. In

addition, cultures derived from animals
which had not been pretreated in any way

have been shown to acquire the ability to

make antibody against some of the protein

constituents of the fetal calf serum in the

medium. The antigens which have been

used in these studies include human and

bovine serum albumin and fetal calf serum.

The methods used for determining the

amount and specificity of antibody will be

described.

ANTIBODY RESPONSE OF MICE TO A LEUKEMOCENIC VIRUS

Ireing Greenspan, Eric R. Brown and Steven 0. Schwartz, The Hektoen Institute for

Medical Research, Cook County Hospital, Chicago, Ill.

Young female ICR mice were injected

with a leukemogenic virus which kills new-

l)orn ICR mice in 10 to 14 days. The mice

(leveloped a leukemoid reaction within 3
weeks, characterized by adenopathy, spleno-

megaly, and a marked leucocytosis. About

20 per cent of the animals developed leuke-

mia in from 4 to 8 weeks. In the remaining

animals, the gross findings became stabilized

and the leucocytosis subsided.

Attempts were made to demonstrate pro-

tective antibodies to test the possibility that

they were responsible for the recovery of

some of the animals. Blood was obtained

from the mice before injection, at the time

of maximal leucocytosis, and after regression

of the leucocytosis. Passive cutaneous

anaphylaxis (PCA ) and microprecipitin tests

were employed to demonstrate antibodies.

No antibodies were demonstrable before in-

jection or during the leucocytosis. Antibodies

were, however, demonstrated in the sera

when the WBC fell toward normal, and per-

sisted for at least 5 months. The PCA and

microprecipitin tests showed essentially sim-

ilar results. Fresh sera gave stronger reac-

tions than frozen sera. Injection of serum
containing antibody prevented newborns

from dying, whereas normal mouse serum

did not. The appearance of antibodies in

animals not succumbing to the leukemogenic

virus suggests that a specific immunologic
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FAMILIAL THROMBOCYTOPENIC PURPURA

Sloan I. WiLcon, William E. Larsen, Robert S. Skillnian and Thoma.s R. WaUers,

l)epartments of Medicine and Pediatrics, Kansas University Medical Center,

Kansas City, Kan.

THROMBOCYTOPATHIC PURPURA ASSOCIATED WITH DEFECTIVE CLOT RETRACTION AND

ABSENCE OF PLATELET FIBRINOGEN

Dudley P. Jackson, Edward E. Morse, Philip D. Zieve and C. Lockard Conley, Department

of Medicine, Johns Hopkins University and Hospital, Baltimore, Md.
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reaction occurs in some of the animals which

protects them from the development of leu-

keiuia.

The immunologic behavior of the mice in

tlwse experiments resembles the response to

\Vhen a person has thrombocytopenic pur-

punt, there may be other members of the

family with hemorrhagic manifestations such

as easy bruising and epitaxis. The signif-

icance of these observations has not been

(lelTionStrated, and no heredity pattern has

been established.

Five separate and unrelated families have

been observed in which there appears to

be familial thrombocytopenic purpura. Al-

though not completely studied, there are 16

known instances of chronic severe thrombo-

cytopenic purpura. For convenience these

families will be known as the Co, Re, Sc,

Mo, and Ti families.

There are five known individuals with

thrombocytopenia in two generations of the

A mild bleeding tendency in a young

luau was attributable to a congenital dis-

order characterized by an indefinitely pro-

longed bleeding time, increased capillary

fragility and a qualitative abnormality of the

blood platelets. The patient’s platelets, un-

like those of normal persons, did not con-

tam demonstrable clottable protein (plate-

let fibrinogen). Platelet count and plasma

levels of fibrinogen and antihemophilic fac-

tor were normal, and prothrombin was uti-

lized at a normal rate during coagulation of

blood. There was no retraction of blood clots

or of clots formed after addition of thrombin

to citrated platelet-rich plasma. When ob-

served with the phase contrast microscope

and in sections of fixed clots, the patient’s

platelets appeared to become somewhat

swollen and bulbous during coagulation but

in striking contrast to normal platelets they

showed no tendency to aggregate or to serve

other known viral agents. This behavior may

find a parallel in human leukemia, and sug-

gests the possibility of an immunologic ap-

proach to the control of the disease in man.

Sc family; three sisters, and two male chil-

dren of different sisters. In the Re family

there are three males with the abnormality.

In the Co family there are three: two fe-

males and one male, including a brother and

sister and a daughter of the sister. The

mothers and daughters in the Mo and Ti

families have the defect. There have been
seven splenectomies in four different famil-

lies: two failures, one partial response, three

good responses, and one too early to eva!-

uate.

It would seem that these are truly families

with thrombocytopenic purpura. It is ob-

viously not sex-linked as it has been ob-

served in both males and females. The in-

herited trait is probably recessive.

as foci for the orientation of fibrin strands.
The patient’s platelets were not aggregated

by thrombin or adenosine diphosphate

(ADP) under conditions in which normal

platelets were grossly clumped by these

agents. The concentration of adenosine tn-

phosphate (ATP) in the platelets was non-

mal. Incubation of the platelets with thnom-

bin ( 100 �s/ml. ) caused release of 61 per

cent of the serotonin, and incubation with

thrombin and calcium chloride caused a

decline of 63 per cent of the AlT con-

tent and a release of 52 per cent of the potas-

sium from the platelets, values similar to

those obtained with normal controls. These

observations support the hypothesis that

platelet fibrinogen is involved in the reaction

of thrombin with platelets and suggest that

platelet fibrinogen may be essential for nor-

mal hemostasis.
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SYNTHESIS ov COAGULATION FACTORS BY THE IN Vimo PERFUSED LIVER

101111 P. Olson, Leon L. Miller and Stanley B. Troup, Hematology Unit, Department of

Medicine, Department of Radiation Biology and Biochemistry, Atomic Energy Project,

University of Rochester School of Medicine and Dentistry, Rochester, N. Y.
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NEW EVIDENCE FOR THE PRESENCE OF A CIRCULATING ANTI-PLATELET FACTOR IN

IDIOPATHIC THROMBOCYTOPENIC PIJRPURA

Ralph L. Nachman and Ralph L. Engle, 1)epartment of Medicine, New York Hospital-

Cornell Medical Center, New York, N. Y.

l)espite a clinical setting and laboratory

stU(lieS which are suggestive of an immuno-

logic reaction, there is no conclusive in vitro

eVi(lence that idiopathic thrombocytopenic

purpura ( I.T.P. ) is an immune disorder.

Much of the difficulty may be due to the

fact that the antigen-antibody interaction

in this disease is occurring at a lower level

of reactivity than is detectable by classic

technics. We have previously reported that

amino acid generation occurs when plate-

lets are involved in immune reactions, ( Fed.

Proc. 22:673, 1963). This phenomenon rep-

resents a highly sensitive parameter of anti-

body activity. The increase in total alpha

amino nitrogen (A.A.N.) in an immune in-

cubation system following the action of the

antibody on platelets is greater than the

amino acids released from the free amino

acid pool within the platelets. It is probable

that the increase in amino acid material is

(Inc to hydrolytic breakdown of platelet

Information concerning sites of synthesis

of blood coagulation factors is incomplete.

The liver has been implicated in these func-

tions by evidence which is substantial but

mainly indirect, except for studies of fibrin-

ogen synthesis and recent observations based

OIl immunofluorescent and tissue slice incu-

bation technics.

In vitro perfusion of the isolated, intact

rat liver, as developed by Miller and asso-

ciates, has proved to be a valuable technic

in the study of hepatic function. In con-

trast to the intrinsic complexity of in vivo

studies, in vitro perfusion offers a more

definitive approach to complex organ func-

tion. Multiple variables can be carefully

controlled and serial sampling permits

kinetic studies in a system that approximates

the physiologic.

Utilizing this technic, a systematic series

protein.

Using these observations as a criterion

for determining immunologic reactivity,

studies were carried out to determine
whether similar intraplatelet biochemical

changes occur when platelets are incubated

in autologous I.T.P. serum. Nine patients

were studied. Platelets from each patient

in remission were incubated separately in

equal aliquots of deprothrombinized auto-

logous serum obtained at a time of relapse

and at a time of remission. Total A.A.N.

present in the platelets and serum supernate

were compared before and after incubation.

Amino acid generation similar to that ob-

served in experimental immune responses

occurred in eight patients. This phenomenon

was reversed in four patients following a

steroid- and/or splenectomy-induced remis-

sion. The findings suggest that I.T.P. is a

disease syndrome characterized in most

cases by a circulating antiplatelet factor.

of studies has been undertaken to clarify

the role of the liver in the metabolism of

known blood coagulation factors. Results to

be reported include confirmation of the

synthesis of fibrinogen, prothrombin, factor

VII and factor X. That net synthesis of these

factors occurred in this system is supported

by the demonstration of inhibition of syn-

thesis by puromycin, a general inhibitor of

protein synthesis. Effects of coumadin and

interrelationships with vitamin K will be

presented. Inhibition of synthesis of pro-

thrombin, factor VII and factor X, without

marked inhibition of fibrinogen synthesis

was caused by coumadin. Observations on

factors VIII and X will be presented.

Our experience to date indicates that in

vitro liver perfusion is a valuable technic

for the study of hepatic metabolism of fac-

tors important in hemostasis and coagulation.
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THROMBOLYSIS IN I’sIAN WITH UROKINASE ( UK)

Alan J. Johnson, W. Ross McCarty, Jack Newman and Henriette Lackner, American

National Red Cross, I)epartments of Medicine and Surgery, New York University College

of Medicine, New York, N. Y.

(Supported by research grants from the National Heart Institute [No. HE-05003-04J

U. S. P. H. S., the Life Insurance Medical Research Fund [No. G-63-20], Abbott Labo-

ratories and Sterling Winthrop Research Institute, a Division of the Sterling Drug Co.)

INHIBITION OF INDUCEI) FIBRINOLYSIS IN MAN

E. Beck, R. Schmutzler and F. Duckert (introduced by C. Lockard Conley), Laboratory
for Studies of Blood Coagulation an(l Fibrinolysis, Burgerspital, Basel, Switzerland
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Urokinase, a plasininogen activator, was

used to produce thrombolysis of artificially

induced venous thrombi in nine volunteers.

Previous studies showed UK to be non-toxic

and non-antigenic when infused in 29 in-

divi(luals ( 1-7,142,000 CTA units). It was

also found to be free of thromboplastic ef-

fects in vivo as indicated by the absence of

change in the Lee-White coagulation time,

recalcification time, and thromboplastin

generatli)n test performed before, (luring

IIRl after the infusion of UK.

Endogenous UK inhibitor is a competitive

inhibitor, not requiring quantitative neti-

tralization. Thus, the initial or priming dose

of UK was relatively predictable and con-

st(lflt from patient to patient. Since the level

of UK required for thrombolysis was much

lower than the level which produced hyper-

1)lasminenhia, no bleeding diathesis occurred

in the patients. The infusion of small

alnounts of UK produced a sustained throm-

holytic system and thrombolysis, without

excessive depletion of plasminogen. How-

A comparative study on the effects of #{128}-

amino caproic acid ( EACA ) and a bovine

trypsin inhibitor* in vitro demonstrated in-

hihition of the fibrinolytic system with both

substances. Kinetic experiments suggested

however that the inhibitory effect of the be-

vine trypsin inhibitor was more complete

in high concentrations.

* Inhibitor of trypsin and kallikreine, ex-

tracted from bovine parotid. The commer-

cial preparation Trasylol and new prepara-

tions B 3380, B 3380 R, and B 3380 RK

were used (Bayer, A. G., Leverkusen, Ger-

many). Kabikinase, KABI A.B., Stockholm,

Sweden.

ever, when UK was infused very rapidly,

p1asminogcn was depleted to less than 15

per cent of the initial level and the clot

reformed. A single predictable infusion rate

can probably be used for the lysis of thrombi

in most individuals, although the precise

amount has yet to be determined.

Reformation of the thrombus occurred

12-24 hours after the UK infusion in two

volunteers who were treated early in the

series. To permit intimal repair of the trati-

matized vein and prevent clot deformation

in subsequent individuals, tht. UK infusion

was prolonged 4-8 hours after thrombolysis

had occurred, and heparin was used for 72

hours.

Thrombolysis may become a practical

clinical entity with urokinase. The priming

dose has been established, the sustaining

dose varies only slightly ( ± 20 per cent),

clot reformation can be prevented in the

post-infusion period, and experiments are

being conducted to prevent clot reformation

during the period of the infusion.

The present studies were performed on

human volunteers. Comparable fibrinolytic

activity was induced with streptokinaset

after individual determination of the strepto-
kinase tolerance. EACA and the trypsin in-

hibitor were infused separately or jointly

before or after streptokinase. At regular in-

tervals the following control tests were

done: thrombelastogram, euglobulin lysis

time, fibrin plates (fibrinolytic system),

Quick test, fibrinogen, factor V, antithrom-

l)in (coagulation system).

Striking differences could be observed

when the inhibitors were infused before

streptokinase. The trypsin inhibitor was not

able to inhibit clot lysis completely, but
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THE MEASUREMENT OF FIBRINoLYSIS WITH RADIOACTIVE MERCURY-LABELED FIBRIN CLOTS

B. S. Morse and M. Nussbaum, Hematology Research Laboratory, Seton Hall College of

Medicine, Jersey City, N. J.

MCtllO(lS have recently been described

( Ball, 1963 ) for assessment of lyniphoid dif-

ferentiation using a Coulter cell size ana-

lyzer. The method takes advantage of the

changes in cell volume and adhesiveness ac-

conipanying the elaboration of the defini-

tive small lymphocyte from the initial

epithelial cell population during iuouse

thymus morphogenesis (Auerhach, 1961).

In the present experiments the method has

been used to study the changes in lymphoid

cells occurring (luring leukemogenesis, after

830 AMERICAN SOCIETY OF HEMATOLOGY

maintained fibrinogen, factor V and the anti-

thrombic activity at normal levels. Only the

rapid injection of a more concentrated

preparation inhibited the fibrinolytic activ-

ity as well. On the other hand, EACA in-

hihited the fibrinolytic system but was not

able to prevent the proteolytic side effects

(fibrinogenolysis, decrease of factor V, in-

Tracer quantities of Hg203-labeled chlor-

merodrin added to purified human fibrin-

ogcn solutions cannot be removed by re-

I)eated washings after clotting occurs. In
th Present study the release of radioactivity

from Hg2t13�lal)el(�(l standard fibrin clots

\%,ils (let(rllline(l as a nieasure of the activity

of several fibrinolytic agents.

Lvsis was an exponential function when

the amount of radioactivity remaining in the

clot was recorded at intervals. This was

comparable to the quantitative tyrosine

measurements of the remaining clot. The

release of radioactivity with lysis by trypsin

was a linear function of the enzyme con-

centration. The release of radioactivity with

lysis induced l)y streptokinase and urokinase

was proportional to the log concentrations

of these agents. Spontaneous loss of radio-

activity from the standard clots was 3%

crease of antithrombic activity). Infusion of

the inhibitors after streptokinase showed

these differences less convincingly because

the proteolytic side effects were already es-

tablished. Combination of EACA and trypsin

inhibitor inhibited the fibrinolytic activity as

well as the proteolytic side effects.

per cent at 2 hours and did not interfere

with the accuracy of the method as applied

to purified enzyme solutions. Solutions con-

taming sulfhydryl groups such as albumin,

serum, cysteine and glutathione result in a

significantly greater loss of radioactivity,

l)Ut without visible lysis. Loss of radioac-

tivity did not exceed control levels with solti-

tions of EDTA, AgNO3 and CdCl0.

The method herein described utilizes na-

tural substrates. The standard clots are easi-

ly prepared. Since the half-life of Hg203 is

47 days, prepared clots may be stored for

approximately 3 months before use. The

results are accurate and reproducible. Since

the Hg203 is removed from the clot in the

presence of sulfhydryl-containing com-

pounds, the method cannot presently be

used to measure the lytic activity of serum

and other body fluids.

SYMPOSIUM

The Thyinus and the Lymphoid Tissue

2:00 P.M. TO 5:00 P.M.

A QUANTITATIVE APPROACH TO THYMUS LYMPHOID DIFFERENTIATION DURING

LEUKEMOGENESIS AND REGENERATION

Robert Aucrbaehi, (wit/i the technic�il asri.rtance of L. Kubai, E. M. Mon and A. Tallungen),

I)epartluent of Zoology, University of \Visconsin, Madison, \Vis. (Supported by grants

C-19384 (N.S.F.) and C-5281 (N.I.H.)
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LYMPHOCYTOPOIESIS IN THE EMBRYONIC THYMUS AND BURSA OF FABRICIUS

G. Adolph Ackerman and Ralph A. Knouff, Department of Anatomy, Ohio State University,

Columbus, Ohio (Supported by research grant HE-04061-05 from the N.I.H.)
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x-irradiation, and after experimental man-

ipulations in vitro and in vivo.

Mean cell volume ( MCV ) was deter-

mined by appropriate calibration of the

Coulter plotter. The size distribution curves

were replotted as per cent total number

cells against log (MCV), and the normal

curve of best fit was described for a series

of base values.

Developmental changes occurring during

AKR leukemogenesis involve progressive in-

crease in MCV of thymic lymphoid cells.

Early changes (preleukemic?) involve a 10

per cent increase in MCV, followed within

2-4 weeks by appearance of cells of various

Methods of numerical analysis were de-

veloped by Mr. Joseph Felsenstein with the

aid of an Institutional Grant from the Am-

erican Cancer Society.

Embryonic thymus provides a distinct

advantage over the definitive thymus be-

cause the earliest formation of lymphocytes

and lymphocytic precursors can be observed

in a relatively simple and uncomplicated

situation. Sequential cytologic changes in

the development of the thymus into an ac-
tive lymphocytopoietic organ indicates that

lymphocytic precursors (lyn�phoblasts) de-

velop by the gradual proliferation and trans-
formation of “undifferentiated” epithelial

cells comprising the primordial thymus.

Lymphoblastic transformation begins on the

7th day of embryonic development in the

chick and is characterized by increased

cytoplasmic basophilia and chromatin con-

(lensation. “Undifferentiated” epithelial cells

undergo two distinct lines of differentiation

between the 7-9th days, e.g., into lympho-

blasts and into reticular-epithelial cells,

and constitute the organ parenchyma. Ab-

sence of lymphocytes or lymphocytic pre-

cursors in the connective tissue surrounding

the embryonic thymus before and during

the period of initial lymphoblastic trans-

formation, presence of a continuous base-

ment membrane surrounding the developing

thymus and absence of cells passing through

sizes ranging from slightly enlarged lympho-

cytes to lymphoblast-type. The final cell

type is a large lymphoblast-like cell, which

ultimately predominates in the thymus sus-

pensions.

After x-irradiation, increase in MCV also

occurs in thymus cells, the type of change

being dependent on the dosage employed.

At low doses (250 r-500 r) the shift in

MCV is limited, indicative of either prolif-

erative activity of the thymic small lympho-

cyte or of immigration of extrathymic lymph-

oid cells. At doses of 500 r-1000 r, the

MCV shift is greater, suggestive of blast-cell

formation; this in turn is followed by pro-

gressive thymic lymphoid differentiation.

Data on the effects of 19-nor testosterone,

urethane and phytohemagglutinin on thymus

differentiation will be presented. The value

of cell volume analysis as a diagnostic tool

will he discussed.

this membrane during this phase of develop-

ment indicate that the lymphocytic elements

appearing in the embryonic thymus paren-

chyma are of epithelial rather than mesen-
chymal derivation. The question of a con-

tribution of mesenchymal elements also to

the lymphocyte population via vascular in-

vasion and lobular formation in later stages

of thymic development, although unlikely,

cannot be answered at this time. Although

functional immunologic distinctions exist be-

tween the lymphocytes of the chick thymus

and bursa of Fabricius ( Szenberg, A., and

Warner, N. L. : Nature, London 194:146,

1962), the similarity of origin of the lym-

phocytic elements of these lymphoepithelial

organs is apparent.

In the embryonic chick, mesenchyme

condenses around the thymus between the

7-9th day coincident with lymphoblastic

transformation; mesenchymal elements do

not invade the thymic parenchyma at this

time. A similar situation occurs in the bursa

of Fabricius surrounding the developing

lymphoepithelial nodules between the 13-

15th day when lymphoblastic transformation

occurs in this organ.

Mesenchymal inductive action on lympho-
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hlastic transformation has been established

in the thymus and bursa (Auerbach, R.:

l)evelop. Biol. 3:336, 1961). Histochemi-

cally, these two mesenchyme regions differ.

Alkaline phosphatase activity demonstrable

in bursal mesenchyme is absent in thymic

n’iesenchyme during these brief and critical

phases of development. Testosterone in-

hibits both alkaline phosphatase activity of

hursal niesenchyme and lympho-epithelial

nodular formation but has little effect on
thymus development and lymphocytopoietic

activity.

Lymphocytopoietic activity of mamalian

thymus is under investigation and it appears

that the sequence of events is similar to that

observed in the bird. Ramifications of the

epithelial origin concept of the lymphocyte

will be discussed.

Tsr� BURSA OF FABRICIUS

Bruce Click, Poultry Science Department, Mississippi State University, Jackson, Miss.

The bursa of Fabricius is a dorsal di-

verticulum of the proctadael region of the

cloaca. In the check, the bursa grows most

rapidly the first 3 weeks after hatching.

Age of maximum growth and initial hursa

regression will vary with the breed, strain,

and family of chickens. Androgens and

adrenal corticoids appear to influence bursa

growth.

Bursectomy at hatching or up to 3 weeks

will markedly influence the bird’s response

to a given antigen. Bursectomy does not ap-

I)�ar to influence the absolute number of

lymphocytes or heterophils, or the granulo-

poietic activity of the reticuloendothelial

system. The bursa and thymus failed to

exhibit black color 60 minutes after a single

injection of India ink (Pelikan, Cl 1/1431),

while the liver, spleen, and bone marrow of

the long hones were deeply pigmented.

The mean bursa weight at hatching will

l)e reduced by 17 ± 15, 34 ± 33, 70 + 11,

78 ± 16, 92 ± 4 per cent in chicks hatched

from eggs dipped in 160, 320, 840, 1280,

or 2,000 mg. of testosterone propionate per

100 ml. of ethyl alcohol, respectively. Only

15 per cent of the birds in the 2 Gm. group

are capable of producing traces of antibody

to sheep red blood cells, Salmonella �ul-

lorum, or bovine serum albumin. Fifty per

cent of the birds in the 640 mg. group will
produce antibody, but at a significantly low-

er level than the controls. In general, the

antibody titer of the birds in the 160 or

320 mg. group will be lower than the con-

trol titer.

Lyn�ph follicles are absent in the bursae

from chicks of the 2 Gm. group and in ap-

proximately 50 per cent of the bursae from

chicks of the 640 mg. group. The bursae

of birds from the 160 or 320 mg. group

reveal normal and atrophic lymph follicles.

Experimental reduction in bursa size ap-

pears to influence future antibody potential.

Artificial selection for large bursa size at

hatching may favorably influence future

antibody production.

NIETABOLISM ANI) MORPHOLOGY OF ACTIVE AND REPRESSED CHROMAI-IN ISOLATED FROM

INTERPHASE LYMPHOCYTES

John H. Fren.ster, Laboratory of Molecular Biology, Rockefeller Institute, New York, N. Y.

(Supported by an award from the N.I.H. (CA-17857)

The gene-inactivation hypothesis of cell
(lifferentiation postulates that, as a cell dif-

ferentiates, those genes not mediating the

particular state of differentiation are inacti-

vated by a repression mechanism (Mather,

1948; Stedman, 1950; McClintock, Beer-

mann, 1956; Allfrey and Mirsky, 1962). Up

to 80 per cent of the DNA of interphase

calf thymus lymphocytes is inactive in mes-

senger RNA synthesis, and is apparently re-

pressed (Allfrey and Mirsky, 1962 ), cor-

relating well with the differentiated state

of these cells. Much of the DNA of these

lymphocytes is visible cytologically as large,

condensed Feulgen-positive masses (Ris and

Mirsky, 1949) resembling the heterochrom-

atm of the inactive X chromosome (Barr

body).
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THE INJ)UCTION OF F1 HOST CELL SPLEEN AND THYMUS AT ECTOPIC SITES IN F1 ANIMALS

BY IMPLANTATION OF PARENTAL SPLEEN AND THYMUS

ire Green, Department of Hematology, Laboratory Division, Montefiore Hospital,

New York, N. Y.
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Nuclei of such interphase lymphocytes

were isolated, and were incubated with un-

dine-2-C’4, thymidine-2-C14, or lysine-2-C’4

to lal)el newly synthesized RNA, DNA, and

protein, respectively. Cytoplasmic fragments

aIl(l nuclear membranes were removed, and

the nuclear ribosomes and neutral proteins

were extracted at pH 7. 1 . The extracted

nuclei were suspended in cation-free 0.25

NI Sucrose, and sonicated for 5 seconds at

20,000 kc, releasing the condensed masses,

extended fibrils, and particles resembling
nucleoli. Each of these was isolated by

centrifugation.

The condensed heterochromatin consisted

of a dense reticulum of 40 A fibrils, and
contained 72 per cent of the total DNA but

The inductive regeneration of complete

organs is not thought to occur in higher ani-

mals. The fact that this phenomenon can

take place in the case of murine spleen and

thymus is the subject of this report. Previous

investigators had noted that autologous

spleen and thymic grafts degenerate and

tlwn regenerate to form miniature replicas

of these organs. The origin of the lymphoid

cells in these replicated regenerated organs

has not been extensively studied by modem

technics. Most previous investigators have

assumed that the regenerated lymphoid or-

gans were derived from cells of donor type.

\Vith homozygous parental to F1 thymic

an(l spleen grafts in inbred mice (A/JxC57

BL -* B6AF1 ), the cell type composing

these regenerated lymphoid organs can be

analyzed by cytotoxicity technics.

Subcutaneouus A/J spleen and A/J thymic
grafts which had regenerated in B�AF1 host

were removed and analyzed by the cyto-

toxicity technic of Corer and O’Gorman. A

potent anti C57BL antibody produced in

A J mice was employed. If the regenerated

spleen and thymic grafts were composed of

cells of the parental A/J type, no cytotoxic

effect of antibody should be found. If the

regenerated parental grafts were composed

of host B6AF1 lymphoid cells, anti-C�7BL

antibody would produce cytotoxic effects.

little of the total nuclear RNA or of the

newly synthesized RNA, DNA and protein.

By contrast, the extended 40 A euchromatin

fibrils contained 20 per cent of the DNA

and 14 per cent of the nuclear RNA but

flioSt of the newly synthesized RNA and

DNA. The specific activity of euchroinatic

RNA, DNA, and protein was 3-8 times

that of heterochromatin.

These data support the concept of hetero-

chromatin as condensed interphase chromo-

somal segments which are relatively inactive

in messenger RNA synthesis and in genetic

expression, and which display delayed DNA

replication (Cooper, 1959; Ohno et al,

1959; Lyon, 1961; Taylor, 1962; German,

1962; Hsu, 1982; Grumbach et al., 1963).

Normal A/J serum and cells of known histo-

compatible type were used as controls. Six

separate experiments analyzing the cellular

composition of regenerated A/j spleen grafts

showed unequivocal evidence of complete

replacement of donor parental tissue by

B6AF1 host cells at intervals ranging from

14-90 days. Five separate experiments on

the cellular composition of regenerated A/J

thymic grafts showed complete replacement

of donor tissue by B6AF1 host lymphocytes

at time intervals ranging from 30 to 120

days. Frozen, thawed and alcohol-treated

parental spleen and thymic grafts were not

capable of producing any regenerative ef-

fects. C�7BL spleen nodules regenerating

in F5 hosts were also found incapable of

producing runt disease in newborn B�AF1

animals.

This study has the following implications.

The “regeneration” of spleen and thymic

grafts is a more complicated process than

had been previously thought. Adult parental

spleen and thymic grafts placed in F1 hosts

do not actually regenerate; they act by

exerting indirect and inductive morpho-

genetic effects which cause the new forma-

tion of miniature, ectopically placed spleen

and thymus composed of lymphoid cells of

the F1 host. A process similar to embryonic

induction can therefore take place in adult
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LYMPHOCYTE DYNAMICS

Charles G. Craddock, Department of Medicine, University of California at Los Angeles,

and Hematology Research Laboratory, Veterans Administration Center, Los Angeles, Calif.
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mice. Thymic lymphocytes in the case of

these thymic transplants cannot therefore

be derived from endodermally derived fixed

host reticular cells, or from donor reticular

(ellS. The inability of parental spleen and

thymic grafts grown in F1 host to produce

runt disease when injected into newborn

F1 hosts is not due to their becoming “tol-

erant” (as claimed by Duhert and Kaplan)

Technics of assessing cytokinetics em-

�)Ioying isotopic labeling of DNA must be
rcviewe(l in light of demonstrations that the

lal)el in DNA is not stable in all cell popti-

latiomis when the specific I)NA precursor C14

Or H3 thymidine ( TDR ) is (�I11ployed. Evi-

dence has l)(CI1 l)ronght forth from various

laboratories that transfer of l)NA label from

lyniphocytes to other types of proliferating

cells occurs under various experimental con-

clitioiis. Evidence is presented that such

transfer occurs to normal hepatic and renal

parenchymal cells during normal growth.

Transfer of DNA label from lymphocyte to

proliferating lymphocyte (or thymocyte) has

been (lemonstrated in support of the earlier

(vi(lence of Hamilton, Alpen and others.

Normal rat and mouse thymus shows a

lower uptake of H3TDR than normal lymph

nodes or spleen, in spite of more rapid cell

production. This is not due apparently to a
lower available concentration of H3TDR per

thymic precursor cell. The H3TDR does not

label detectable precursor pools of thymidyl-

ate which are larger in the thymus than

elsewhere. The low uptake per large pre-

cursor cell could be due either to a larger

precursor pool of thymidylate compounds

derived from dCMP or dUMP, as suggested

lw R. L. Potter and Nygaard, or to reutiliza-

but to the cellular transformation of these

grafts from donor to host F1 cell type. A

more speculative implication of these data

is that some of the lymphocytes geographi-

cally present in adult intact normal spleen

and thymus may not be locally produced in

these organs, but are made at other sites and

merely recirculate through these organs.

tion of DNA or thymidylate derivatives of

DNA breakdown. On the basis of the rate

of grain count dilution in large cell pre-

cursors in the thymus after Varying degrees

of labeling of the small cell population, evi-

dence of reutilization of DNA or its thymid-

ylate has been obtained. Therefore, reuti-

lization of DNA or thymidylate is at least a

partial explanation for the low labeling of

thymus precursor cells. The importance of

the other alternative is being investigated.

Lymph follicles exhibit two types of cell

kinetics. Germinal centers, with a high mi-

totic index, show a pattern similar to that

of thymus cortex. It is suggested that DNA

reutilization occurs here. The bulk of cells

in the lymph follicle show high uptake of

H3TDR by large precursors which give rise

to highly labeled, long-lived, small lympho-

cytes. These recirculate to lymph follicles

through the germinal centers (observed in

spleen only) after migrating through periph-

eral areas. Reutilization of DNA of these

cells appears to take place in germinal

centers.

It is believed that the process of DNA

reutilization, so prominent in normal thymus

and germinal centers of lymph follicles, is

related to the function of this tissue.

THYMUS IMMUNE FUNCTION: EVIDENCE FOR A HUMORAL MECHANISM

J. F. A. P. Miller and David Osoba, Chester Beatty Research Institute, London, England

Previous work in this laboratory has es-
tablished that the thymus plays an essential

role in the development of the immunologic

apparatus. Thynmectomy of the newborn

mouse is associated with lymphoid atrophy,

severe immune defects, and the occurrence,

within 6 to 16 weeks in some strains, of a

fatal wasting syndrome. Mice can l)e pro-

tected against the effects of neonatal thy-

mectomy either by thymus grafts or by an in-
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l)IRET INJECTION OF THE HAMSTER THYMUS WITH ANTIGENIC SUBSTANCES

1. 1). SIleDman, M. M. Adner and William Dameshek, Blood Research Laboratory, Pratt
Clinic-New England Center Hospital, and the Department of Medicine, Tufts University

School of Medicine, Boston, Mass.
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jection of cells prepared from lymph nodes

and spleen of adult syngeneic donors. This

suggested that the thymus implant was

producing lymphocytes which colonized the

(leficient lymphoid tissues of the host, thus

producing a lymphoid chimera. Cytologic

studies revealed, however, that from 80 to

100 per cent of the cells dividing in the im-

plant and in spleen and nodes were of host

origin. Discriminant spleen assays showed

that host cells were responsible for im-
munologic reactivity. It was concluded that

the role of the thymus was not just to pro-

vide directly the cells which populated the

lylllphoid tissues but to exert some activat-

ing influence on the host’s own lymphoid

system. Experiments were performed in
order to determine whether this influence

The thymus gland has been thought to

provide a highly specialized environment in

which differentiation and non-specific multi-

plication of cells concerned with immunity

(�lI1 take place. The injection into the ham-

ster thymus gland of a variety of agents-

bovine serum albumin, complete Freund’s

adjuvant, skeletal muscle, activated charcoal

and human gamma globulin-resulted in

hematologic, immunologic and morphologic

changes that in many respects were op-

poSite to those observed following thymus

gland extirpation. Control studies injecting

the same amount of material into the spleen

or subcutaneous tissues did not produce

these changes. Splenomegaly, lymph-

adenopathy and bone marrow lymphocytosis

was humoral in nature. Neonatally thymec-

tomized mice were implanted intraperito-

neally at 7 days of age with Millipore dif-

fusion chambers containing thymus tissue.

These mice gained weight satisfactorily, did
not develop any wasting syndrome, could

produce serum antibodies and reject allo-

geneic skin grafts. Lymphoid follicles were

present in their tissues although many still
showed a diminution in the population of

small lymphocytes. The tissue recovered

from the chambers showed epithelial-retic-

ular cells but no lymphocytes. It is sug-

gested that a humoral factor produced by

the thymus epithelial-reticular complex may

be responsible for endowing lymphoid cells

with immunologic competence.

were produced following direct thymus

gland injection. Anemia, bone marrow

erythroid hyperplasia and a positive Coombs’

antiglobulin test were also commonly found.

Increased levels of gamma globulin were

noted in some animals. Each lobe of the

thymus gland appeared morphologically to

function independently. The thymus gland

developed germinal follicles and plasmocy-

tosis following the direct injections of some

agents and not others. It seemed possible

that under these experimental conditions, the

thymic barrier was by-passed, thus exposing

the immunologically competent cells of the
thymus to antigen with the production of

some of the features of autoimmune disease.

THYMUS AND VIRUS-INDUCED LEUKEMIA IN MICE AND RATS

Ludwik Gross, VA Hospital, Bronx, N. Y.

The thymus plays an important, though

poorly understood role influencing the de-

velopment of either spontaneous, radiation-

induced, or virus-induced leukemia in mice;

renioval of thymuus delayed, or inhibited, the

development of leukemia in otherwise sims-

ceptible hosts.

Our studies concerned the role of the

thyrnus in virus-induced leukemia in mice

and rats. A virus originally isolated fromu

spontaneous mouse leukemia, and passed

serially in mice and rats, consistently in-

duced leukemnia, predominantly of the

lymphatic form, following inoculation into

newborn mice or rats of several different

strains. Removal of thymus by a surgical
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PAPERS TO BE PRESENTED BRIEFLY
IN DISCUSSION

SOLUBLE RNA IN THE ADULT RED CELL

John Merritt and Jane F. Desforges, Tufts Hematology Laboratory, Boston City Hospital,

Boston, Mass.

STEM CELL KINETICS AFTER IRRADIATION

R. Alexmian, D. D. Porteous and L. G. Lajtha (introduced by E. Donna!! Thoma$#{176}),
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procedure, either before or shortly after

the inoculation of the virus, delayed or in-

hibited the developmnent of leukemia in a

considerable number of the observed ani-

mals. Furthermore, amnong the virims-injected

1111(1 thymectomized animals, the mnyeloid

form of leukemia, and in some instances the

more unusual forms, such as erythroblastic,

or nmonocytic leukemia, or chloroleukemia,

developed much more frequently than in

non-thymnectomized controls.

It appears that thymus is the target organ

in which the leukemic virus may preferably

The niaturatiomi of the erythrocyte is as-

sociated with disappearance of ribosomes

and of basophilia concomitantly with loss of

ability to synthesize hemoglobin. The pres-

ent studies were carried out to determine

whether sRNA ( soluble ribonucleic acid),

which plays a role in the transfer of amino

acids to ribosomes in protein synthesis, dis-

appears when this activity ceases.

Heparinized blood was collected from nor-
mals and the red cells separated centrifugal-

ly. RNA was then isolated from a phenol

fraction on I)EAE and on ECTNOLA col-

umns. Total RNA was also determined fol-

lowing phenol extraction. Results demon-

strated the presence of sRNA in adult non-

reticulated erythrocytes which could not be
explained by contamination of the prepara-

Paterson Laboratories, Christie

Normal AKR and C3H mice were given

150 rads of whole body irradiation. Twelve

(lays later they developed increases in retic-

ulocyte percentage to twice normal and in

red cell imtilization of Fe59 to 40 per cent

above control levels. The polycythemic

mouse was then employed in order to study

this phenomenon after the suppression of

endogenous erythropoiesis. Following the

elimination of erythroid elements from the
l)one marrow, standardized amounts of

initiate active foci of the disease in a sus-

ceptible host. In the absence of thymus, the

virus may select, possibly as a second choice,

an alternate organ, such as spleen, or per-

haps bone marrow, to initiate active cell

foci of the induced disease. Once activated

in any organ, the disease spreads rapidly

and becomes generalized. Variations in the

form of induced disease may be of interest

to the pathologist and to the clinician, but

apparently represent only variations in cel-

lular response to the same virus.

tion with white cells or with reticulocytes.

Studies were then carried out to de-

termine whether the sRNA remains in a

functional state in these cells. pH5 enzyme

fraction containing sRNA from adult red

cells was incubated with CTP ( cytosine

triphosphate) and AlT (adenosine tn-

phosphate) and C14 leucine on C14 alanine.

After 20 minutes, sRNA was isolated from

this incubation mixture and the radioactivity

of this isolate determined. By this technic

activity of transfer RNA could be demon-

strated for uptake of both leucine and

alanine.
In summary it appears that sRNA remains

in the adult red cell and retains some func-
tion after protein synthesis has ceased.

Hospital, Manchester, England

erythropoietin were injected at various times

after irradiation. The wave of erythropoiesis

stimulated in this manner was quantitated

with Fe59 and was considered to represent

the latent capacity of the marrow for red

cell production.

It was found that, after 150 rads, the re-

sponse of polycythemic mice to erythno-

poietin was reduced rapidly to about 10 per

cent of normal. Following recovery to the

normal range by the 7th day, an overshoot
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EXPERIMENTAL PRODUCTION OF PYRIDOXINE DEFICIENCY ANEMIA IN RA�rs

S/in C/in Shari and Peter C. Y. Wong, Cambridge, Research Laboratory, Holy Ghost
Hospital, Boston, Mass.
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in this capacity of the bone marrow to re-

spond to erythropoietin was apparent for

the next 10 clays. An approximate two-fold

increase above control levels was measured

on the 12th clay after irradiation. It was

concluded that the capacity of the stem cell
population of the bone mnarrow for red

blood cell production shows a sequential

change after 150 rads with an initial de-

crease followed by an overshoot.

PLASrSIA FE� AND INEFFECTIVE ERYTHROPOIESIS

Norman R. Gevirtz and Louis R. Wa$serman

Analysis of plasma Fe59 disappearance

data has revealed three different patterns

during approximately the 3rd to 7th days

after intravenous injection: patterns A, N

and I. Pattern A is seen in patients with

aplastic anemias. Here the plasma radioiron

disappearance data can be graphed as a

continually decreasing curve. In pattern N,

which is seen in most normal subjects, there

is a small upward bowing of the curve of

disappearance data. In pattern I, seen in

patients with hemolytic disease or ineffective

erythropoiesis, such as thalassemia and

pernicious anemia, the upward bowing is

increased when compared to normal, and

may even appear a second time. Hence, ap-

1)aremlt convexity is seen only when there is

normal or increased marrow erythroid ac-

tivity. This increase in plasma radioactivity

coincides well with an increase in plasma

hiliruhin activity ( after glycine 2-C’� ) at-

Ammemia in rats on a diet deficient in pyrid-
oxine has not been consistently shown nor

clearly demonstrated heretofore. The present

stumdy established that a moderate to severe

microcytic anemia regularly appeared in

rats on a pynidoxine-deficient diet. This ane-

mia responded promptly to pyridoxine ad-

ministration.

Twelve male Wistar rats weighing ap-

proximately 350 to 450 Gm. were fed a

diet deficient in pyndoxine. After 40 to 50

weeks they all exhibited a severe micro-

cytic hypochromic anemia. The red cell

counts, when averaged for the group, did

not fall markedly (8.6 millions per cu. ml.);
but the range was wide (10.0 to 5.6 mil-

lions per cu. ml.). The average values for

hemoglobin and hematocrit dropped to 7.4

gm. per cent and 36 per cent respectively;

tributed to degradation of red-cell heme

from newly formed erythrocytes ( Israels

et al.: Science 139: 1054, 1963). An alterna-

tive explanation is that this reflects the re-

turn to plasma of radioiron from “depitted”

siderocytes and other forms of non-heme

iron. Whether the iron is from cells metab-

olized in situ ( marrow ) or by the reticulo

endothelial system in general after a trans-

ient stay in the circulation, cannot be de-

duced from the data. If it is due to cells

destroyed in the marrow, then the iron

from such cells can be considered to be an

integral part of the marrow iron transit pool

( Sharney et al: Ann New York Acad. Sc.

108:230, 1963). On the other hand, if the
return of radio-iron is from the RES in gen-

eral, one must postulate an overlapping
participation of a post-erythropoietic labile

storage pool with the pre-erythropoietic
phases of iron metabolism.

mean corpuscular value and mean corpuscu-
lan hemoglobin concentration were signif-
icantly reduced to 42 Cu. �u and 26.4 per cent

respectively. Upon parenteral administration

of pynidoxine (pynidoxine hydrochloride 2

ml. 3 times a week for 2 weeks ) , reticulo-
cytes reached a peak ( 17 to 73 per cent)

between the 4th and 8th days after the first
injection. The hemoglobin level and red cell

count rapidly rose toward normal levels less

than 2 weeks after the initial dose of pyri-

doxine. The M:E ratio in the bone marrow

of six severely anemic rats exceeded 4 : 1 be-

fore therapy, suggesting hypoplasia of eryth-

roid series. The ratio lessened to below 2:1

on the 7th day of therapy, indicating active

erythropoiesis. The ratio resumed its normal

value when the hemoglobin level had im-

proved.
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l)EcIIEAsEo Rt�seoNsmvENEss mo EHYTHIIOPOIETIN IN A PATIENT wrrii ANEMIA SECONDARY

TO CHRONIC UREMIA

Donald Van 1)yke, Geoffrey Keightey and John Lawrence, Donner Laboratory, University

of California, Berkeley and tile l)ivision of Biology, California Institute of Technology,

Pasadena, Calif.

QUANTITATIVE STUDIES OF THE LOCAL EXUDATIVE CELLULAR REACTiON TO INFLAMMATION

IN ACUTE LEUXERHA

Pasquale E. Perilli.e and Stuart C. Finch, Department of Medicine, Yale University School
of Medicine, New Haven, Conn.
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It has i)C(I1 Pro1)o�edl that inability to pro-

dove adequate anu)unts of erythropoietin

nay l)C a contril)utOry factor in the un-

compensated hemolytic anemia which ac-
companies severe renal disease and marked

uremia. However, several investigators have

shown that although erythropoietin will

stimmuilate erythropoiesis in nephrectomized

animals, the response is approximately one-

tenth that obtained in normal controls. Such

results suggest that the inability of the

tlrenlic to compensate for the shortened red

cell survival may result from a decreased

responsiveness of the marrow to erythro-

poietin, rather than inability to increase

erythropoietin production.

Administration of erythropoietin to a pa-

tient with moderate anemia secondary to

chrollic glonierulonephnitis produced no

evidence of erythropoietic stimulation as

judged by reticulocyte count or ferrokinetic

studies done before and after trea�ent.

The dose of erythropoietin (54 Standard

“A” units/Kg/day for 3 days) was thought
from previous studies to be adequate to

produce a significant reticulocytosis in nor-

mal human subjects.

It is suggested that the uremic patient,

like nephrectomized rats and dogs, may re-
quire in the order of 10 times the normal

amount of erythropoietin. It is predicted

that successful treatment of the anemia

which accompanies severe uremia in man

may require a dose of erythropoietin in the

range of 200 “A” units/Kg./day.

IRON ABSORPTION IN FLBROCYSTIC DISEASE

R. Sephton Smith, Hospital for Sick Children, London, England

Although aneniia is not a feature of un-

treated fibrocystic disease, iron-deficiency

anemia is sometimes found after many years’

treatnlent with pancreatic extracts.

I�i this study the absorption of a dose of

Fe59-labeled hemoglobin was determined in

a group of children with fibrocystic disease.

Iron absorption was reduced in children re-

Earlier studies of the local exudative cel-

lular reaction to inflammation in patients

with acute leukemia have suggested that

tile intensity of the inflammnatory cellular

response in such patients is deficient when

compared to the response of hematologically

normal subjects. To investigate this phe-

nomenon further, a chamber method was

devised which permitted the collection and

qimantitation of cells accumulating at local

sites of inflammation. A specially designed

ceiving treatment with pancreatic extract,

even when marked iron-deficiency anemia

was present.

The significance of the pancreas in the

regulation of iron absorption is discussed

iml the light of these findings and other re-

cent work.

glass cup chamber was placed in a secure

and water-tight fashion ov� a surgically
abraded lesion produced on the volar sur-

face of the forearm. The chamber was filled

with a buffered solution of saline and Van-

dase so as to continually bathe the surface

of the inflammatory lesion. The chamber

was emptied and refilled at various stages

of the first 24 hours of the local exudative

reaction and the cell count of the removed

fluid tabulated. A total of 27 tests was per-
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Chromosomal variations were studied in

30 cases of human acute leukemia: 16

granulocytic, as determined by presence of

granules, Auer bodies or positive peroxidase

reaction ( with two the “blastic crisis” of

chronic granulocytic leukemia). two “pro-
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formed on 10 hematologically nominal adumlt

subjects and 13 adult patients with acute

leukemia. All leumkemic patients were studied

prior to tile initial institution of anti-leuke-

mic therapy. The mean 24-hour accumula-

tion of inflammatory cells in the control

group was 49.12 million with a range of

23.4 to 105.7 million. This was significant-

ly greater than that for the leukemic group

whose mean value was 8.52 million with

a range of 1.0 to 32.1 million (p = 0.001).

It is concluded that the intensity of the local
exudative cellular reaction to imiflammation

in acute leukemia is significantly diminished

and may play a role in the susceptibilty of

these patients to bacterial infections.

EVIDENCE FOR A CHHo�soson�sAL BASIS OF STRAIN DIFFERENCES IN LEUKEMIA

SUSCEPTIBILITY IN MICE

Donald K. Briggs

The available evidence for the existence

of a chromosomal basis of leukemia is do-

rived chiefly from observations of the hu-

man disease. Well-defined visible chromo-

sonlal changes accompany almost all cases
of chronic myelogenous leukemia and are

frequent, though less specific, in acute leu-

keniia. It is probable that mongolism, Kline-

felter’s syndrome and the Christchurch

chromosome provide instances of chromo-

somal anomalies where there is a predisposi-

tion to leukemia. That chromosomal pre-

conditioning may be a factor in leukemo-

genesis is suggested by the damaging effects

upon chromosomes of known leukemogenic

influences such as irradiation and virus in-

fection. The impact of these factors depends

largely upon the chromosomal constitution

of the pre-leukemic individual.

1mm view of the limited scope of experi-

nientatmon on pre-leumkemic states in man,

the desigmi of the present series of expeni-

mnents was directed to the study of chrom-
osomal patterns in mice in relation to len-

kemia. The known differences in leukemia

susceptibility of inbred strains provides the

opportunity for the study of the predisposed
individual.

Mice of vanioums inbred strains were ex-
posed to leukemogenic doses of irradiation.
III a series of experiments, paired young

female mice of the same weight but differ-

ent strains were simultaneously exposed to

irradiation with 300 r. After an interval of

24 hours, the animals were colchicinized

and chromosome preparations made from

the bone marrow by the method of Ford,

using direct examination without culture.

Mitotic figures were examined and the

amount of chromosome damage quantitated

by a standardized method. In the system

tmsed, the total number of chromosomes and

chromosome fragments is counted in 50

mitotic figures. In the normal mouse, this
gives a score of 2000 or slightly less. The

figure is increased after irradiation and in

many leukemias and represents the algebraic

sum of duplications, fragmentation and de-
letions of chromosomes.

Counts obtained by these means demon-
strated a consistent difference between the

strains used ( RF, AKR, C3H). Two prinici-

pal mechanisms are to be considered in the

explanation of these findings: ( 1 ) strain dif-

ferences in the susceptibility of chromosomes

to visible irradiation damage, and (2) dif-
ferences in the rate of elimination of aneu-
ploid cells once formed.

The significance of these findings in the

demonstration of constitutional characteris-

tics of various mouse strains and their re-

lationship to the subsequent development

of leukemia will be discussed.

CHROMOSOMAL ABERRATIONS IN ACUTE LEUKEMIA

Kosnws A. Kiossoglou and W. I. Mitus, Blood Research Laboratory, Pratt Clinic, New

England Center Hospital, and the Department of Medicine, Tufts University School of
Medicine, Boston, Mass.
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C�cuc THERAPY AND LONG-TERM SURVIVAL IN CHILDHOOD LEUKEMIA

Wolf W. Zuelzer, Child Research Center of Michigan, Detroit, Mich.
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A fresh serum, heat labile, �a++-

and Mg+ +-dependent polymorphonuclear

(PMN) leukocyte and monocyte adherence-

promoting factor was demonstrated by

myclocytic, five myelomonocytic, three

acute lymphoblastic ( two the “childhood
type and one adult being a late manifesta-

tion of the giant follicular lymphosarcoma),

three llndliffercmltiatedl ( stem cell leumkemia),

�LIl(i one alenk(mlmic reticuloendotheliosis.
l)irect boric marrow method was per-

formed in 28 of the 30 cases, with short-

ternl cultures of the peripheral blood being
IISe(l ill two instances.

Twelve cases had normal chromosomal

constitution. Eighteen cases showed abnor-

mal chromosomnal patterns, as manifested by

aneimploidy [43, 45, 46 (pseudodiploid), 47,

.5 1 and 87 chromosomes] . The most frequent

anomaly was in the C series. Less frequent

aberrations were found in the B, D, E, F,

and G series. Iso-X chromosome was en-

cOlmntere(l in two male patients in addition

to somatic chroniosomal changes. Structural

anomalies : dicentnic chromosomes, breaks

and gaps, deletions and acentric fragments

were also encountered.

Of the cases of acute lymphocytic leu-

Occasional instances of exceptionally long

survival in childhood leukemia have been

observed in many laboratories. The most

favorable type appears to be “stem cell”

(and “lymphoblastic”) leukemia. In this

type, the systematic use of cyclic therapy

ill an imnselected series of 113 cases repre-

senting all patients under treatment in the

period beginning January 1, 1960 has given

the following resumlts:

Incidence of remissions 97.3%

50% survival 20 mnonths

25% survival 36 months

10% survival 5 years

Approximately one-third of the patients

showed central nervous system involvement,

kemia, two with the childhood type ex-
hibited normal mnodal number, but one had

structural changes. Lymphosarcoma in the

leukemic phase showed both numerical and

structural anomnalies. Of the 16 cases with

acute granulocytic leukemia, numerical and!

Or structural changes were present in nine.

The Phi chromosome was present in six

cases. Similar abnormalities were found in

all three cases of undifferentiated ( stem cell
letmkemia ) , in one of two promyelocytic, in

three of five myelomonocytic leukemia and

in one case of aletmkemic reticuloendothel-

iosis.

Therapy had no significant influence on

abnormalities.

The diversity of chromosomal aberrations

in humman acute leukemia confirms the heter-

ogeneoums character of this condition. Acute

leukemnia may occur without perceptible

chromosomal changes. It is not possible to

state at this time whether the leukemia was

the result of the chromosomal abnormalities,

or whether the reverse was true.

but of those surviving 3 years or longer

without evidence of central nervous system

disease, none stmbsequently developed such

involvement in periods of observation rang-

ing up to 12 years. A substantial number of

patients experienced intercurrent illnesses

such as chicken pox, measles, mumps and

bacterial infections and trauma without un-
due difficulties. The principles and method
of cyclic therapy will be presented. The data

suggest that the appearance of resistance

to chemotherapy can be substantially de-

layed by this form of treatment. The theoret-

ical implications of these results and the

findings in related chromosome studies will

i)e discussed.

FRESH SERUM ADHERENCE FACTOR AND THE GLASS “CimoMAi-ocnas’mc” SEPARATION OF

THE LEUKOCYTES. VIABILITY STUDIES OF PURIFIED CELLS INCLUDING THEm DEVELOPMENT

IN TISSUE Cuixuii�

Yale Rabinowitz, Research and Medical Services, VA Hospital, Hines, and the Department
of Medicine, Stritch School of Medicine of Loyola University, Chicago, Ill.

(These studies were aided by grant CA 06504-02 HEM, National Cancer Institute,
U.S.P.H.S.)
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studies of the behavior of leukocyte sus-

pensions on Garvin’s glass bead columns.

This factor was essential to the develop-

nient of a glass column “chromatographic”

separation of the leukocytes. Utilizable elu-

tion peaks were obtained by varying the

composition of the column washout media.

Volumes of blood from 10 to 500 ml.

have been successfully processed. In 18
runs of 500 ml., the following yields were

obtained: lymphocytes 300-750 x 106 (97

100 per cent pure), PMN leucocytes 350-.

950 x 106 (99-100 per cent pure), mono-

cytes 15-20 x 106 (70-75 per cent pure,

PMN leukocytes 25-30 per cent). Mono-

cytes were further purified by re-application

841

to smaller columns with yields of 6-8 x
106 contaminated with 1-3 per cent PMN

leukocytes.

The viability of column purified cells was

demonstrated by their non-staining with

trypan blue, motility, phagocytic ability,

oxygen consumption, and survival or devel-
opment in tissue culture.

Under the cultural conditions, purified

lymphocytes did not form macrophages but

did change into blast-like PHA cells under

the influence of phytohemagglutinin. Mono-

cytes formed macrophages but not PHA-

cells. PMN leucocytes survived for several

days but did not change into macrophages

or PHA-cells.
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