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In a child with hereditary hemobytic ane-

W�it, marked reticubocytosis. and no abnor-

mal hemogbobin. erythrocyte hexokinase was
uniquely deficient. Erythrocyte Cr51 half-

life was 6.0 days. Despite reticulocytosis of

15-20 per cent, hexokinase activity, ex-

pressed1 as microniobes of substrate utilized
per minute per 1010 erythrocytes, was 0.15

(normal mean. 0.24; normal range, 0.17-

0.31). B�- comparison, hexokinase activity in

comparabbe young cebbs is 6- to 10-f oki

greater, this enzyme being characteristically

extremely active in young erythrocyte pop-

ulations. In one sibling without clinicab dis-

ease and in the father substantially sub-

normal activities were noted. The mother’s

erythrocytes possessed hexokinase activity

in the low normab range. An autosomab

recessive mode of transmission is suggested.

The leukocvtes do not share the deficiency.

Kinetic studies failed to show differences

The hemolvtic anemia of homozygous

hemoglobin C (CC) disease iS associated

with target cells, microspherocytes and crys-

tab-bike erythrocytic inclusions which are

more numerous after spbenectomy. Abthough
hemogbobin C is more soluble than hemoglo-

bin A in concentrated phosphate buffers, it

crystablized from hemolysates at concentra-

tions of 35 to 40 Cm./100 ml. under con-

(litiofls in which hemogbobin A remained in

sobution, thereby supporting previous evi-

dence that hemogbobin C is relatively in-

sobuble ill the medium of the red cell.
Target cells and microspherocytes from a pa-

between the patient’s and normal enzyme.

Cbucose consumption by the patient’s eryth-

rocvtes was substantiabbv lower than that
of normab bboocl, but the per cent of glucose

metabolized via the oxidative shunt was in-

creased. ATP levels were normal but much

bower than those characteristically found in

“high reticulocyte” blood. Fructose was

poorly phosphorylated like glucose, but

niannose was actively phosphorylated. pre-

sumably by a separate. unaffected kinase.

Erythrocyte glutathione was stable. The

autohemolysis test corresponded to the pat-

tern of Dacie’s Type I. Ervthrocyte osmotic

fragility was slightly increased in fresh blood

and markedly so after incubation at 37 C.

for 24 hours. Hexokinase decays uniquely

rapidly as erythrocytes age, and its role

in the aging process is discussed in light of

the data on the present deficient slIl)ject.

tient with CC (ILsease were separated b� �zb-

tracentrifugation. Intracellular crystal for-

mation occurred predominantly in the mi-

crospherocytes, which had an MCHC of 41

Cm. 100 ml.
The viscosity of packed CC red cells was

higher than that of normal (AA) ervthro-

cvtes (390 vs. 214 centipoise at a shear

rate of 2.3 sec. - � ). More CC than AA cells

were retained by a Millipore filter of 3 �L

average pore size (83 vs. 47 per cent re-

tention). Differences in viscosity and filter-

ability were exaggerated when MCHC was

increased from 34 to 40 Gm./100 ml. by

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/6/974/573424/974.pdf by guest on 19 M

ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V28.6.974.974&domain=pdf&date_stamp=1966-12-01


3
THE FixATioN OF THE FIRST COMPONENT OF COMPLEMENT ( C’LA ) ny HUMAN

ANTIBODIES

1%’endell F. Ros.se (Introduced by R. Wayne Rundles), Department of Me(licine,

Duke University Medical Center, Durham, N. C.
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suspension of red cells in hypertonic (400

mOsm./L.) NaCI solution: viscosity and

filterability of AA cells changed little. but

increase in henlogbobin concentration in CC
cells was associated with an increase in

viscosity to 560 centipoise, and a striking

decrease in filterability.

These results suggest that the red cells

We have investigated the immunologic

reactions occurring in patients with auto-

IIIIHlUne henlolytic aneniia by a modification

of the C’la Fixation and Transfer Test of

Borsos and Rapp by studying the fixation of

the first component of complement (C’la)
lw human antibodies reacting with human

ervthrocvtes. The number of niolecules of

C’la fixed l)y antibody on each erythrocyte

can be determined with 1)recision l)\ this

1)rocelure.
We have found that only one molecule

of 1gM, cold-reacting antibody is required

to fix one molecule of C’la; therefore, the

number of molecules of C’la fixed is a direct

measure of the number of antibody mole-

cules present on the erythrocyte. Two mole-

cules of IgC antibody as a doublet are
required for the fixation of each molecule of
C’la; therefore, the amount of C’la fixed is
not a direct measure of antibody concen-

tration, since many molecules of antibody
occur singly. When antigbobulin antiserum

(Coombs’ reagent) is reacted with red cells

4

of patients with CC disease are abnormally

rigid. Decreased solubility of hemoglobin C

may be the basic pathophysiologic lesion in

CC disease, leading to increased rigidity of

red cells, microspherocvte production, hemo-

globin crystallization and premature seques-

tration and destruction of ervthrocytes.

sensitized with IgG alltiboclv. the amount

of C’la fixed is directly proportional to the

amount of IgC antibody on the erythrocvte.

In three patients with antoimmune hemoh tic

anemia due to an IgG antibody. we have

shown that the rate of hemolysis is pro-

po��ional to the amount of antibody present
on the erythrocytes.

An IgG antibody with specificity for an

antigen in the Rh s�stem will not fix C’la on

erythrocytes containing that antigen, even at

maximal antibody concentrations. However.

if three antibodies of the Rh system (e.g..

anti-D, anti-c, and anti-e) are reacted with

cells containing all three appropriate antigens

C’la is fixed and the cells may be lvsed
by fresh serum. This indicates that Rh anti-

bodies are capable of fixing complement

when necessary position and/or configura-

tion requirements are met. The antigen sites

of a single Rh antigen are placed such that

a doublet of two antibody molecules cannot

be formed.

HEMOCLOBINGU� IIIII� A � CwuN ABNORMALITY ASSOCIATED WITH A IIEMOLYTIC STATE

iiiild jaundice was found to have compen-

sated hemolysis and an abnormal hemo-

globin. Hemogbobin0�, � (HbGH), 20 per

cent of the total hemoglobin, migrated like

lib C during electrophoresis at pH 8.6 but

did not separate from Hb A on agar gel

at pH 6.1. Starch gel electrophoresis, pH 8.6.

Thomas B. Bradley, Jr., and Ronald F. Rieder, Albert Einstein College of Medicine and

Montefiore Hospital and Medical Center. Bronx. N. Y.

A Caucasian III�fl with a long history of revealed an additional minor (2.5 per cent)

CofllpOI)eflt slightly anodal to the major ab-
normal band. The Hb011 components were

separated from Hb A2 by carboxymethyl

cellulose chromatography.
On indul)ation at 37 C. of patient’s red

cells with the redox dye brilliant cresyl

blue there was formation of multiple speroi-
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K Na Potassium Flux
Glycolysis mEq./L. mEq./L. cells/h

mM/L. Cells/h Cells In Out Net

Normalcells 1.7 100 10 1.6 1.6 0 2.7 2.7 0

Normal + Onabairi 1.4 0.4 1.6 - 1.2 2.7 1.0 + 1.7

Active transport 1.2 1.7

Patient cells 4.2 30 99 31 30 +1 124 114 +10

Patient + Ouabain 1.4 16 32 -16 110 71 +39
Active transport 15 43
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dab inclusion bodies. Precipitation of hem-

oglol)in OccUrre(l when hemolvsates were in-

cubated with the dye. The specific activity

of Hb011 was higher than that of Hb A after

intravenous administration of Fe59 citrate

and also after incubation of reticubocytes

with beucine-C14. The latter data indicate

a 1)referential loss of Hb011 in vivo.

The presence of free u chains in the

hemolysate and the absence of a split Hb A9

suggested a �l chain abnormality. However,

the a and f� chains of Hb011 were indis-

tinguishable from those of Hb A following
urea/starch gel electrophoresis. Peptide maps

at pH 4.7 of alllinoethylated f�l chains from

5

the major Hb��,1 component revealed anodab

displacement of the core l)el)tile j3TpXI.

Ultracentrifugation suggested that the sed-

imentation velocity of HbGII was intermedi-

ate to values recorded for dimers an(l tetra-

mers of heniogbobin. Relative retardation of

HbGH during gel filtration provided further

evidence for an alteration in the molecular

size and/or configuration of HbGJI.

Oxygen equilibrium studies of the slow

component of HbGII revealed an abnormally

high 02 affinity, the absence of heme-

heme interaction, a�ui the presence of a

Bohr effect.

CONCEXITAL HEMOLYTIC ANEMIA WITH ExTENSiVE CATION PERMEABILITY

D. G. Nathan, F. A. Oski, R. I. Shaafi, and S. B. Shohet, Boston. Mass. and Philadelphia, Pa.

A 3-year-old male was splenectomized at

age I 1/2 for severe congenital heniolytic ane-

n’Iia (hemoglobin, 4 Cm. per cent; retic-

ulocvtes. 28 per cent). Since splenectomv,

he maintains a hemoglobin concentration of

9.5 Cm. per cent and a reticubocyte count

of 12 per cent. Many of his cells are

stomatocvtic in wet and (Iry preparations.

Osmotic fragility and autohemolysis are

markedly increased. Erythrocvte glycolysis

and cation flux are presented in the table.

The data in the table show that these cells

are extraordinarily permeable to monovalent

cations with marked alteration of the usual

steady state concentrations of Na and K.

Under these circumstances a large fraction

of the potential energy derived from gly-

colysis is devoted to a massive increase in

the rate of active cation transport. A striking
reduction in glycol�sis together with marked

cell swelling is therefore invoked by ouabain

to an extent far in excess of that observed

in normal or other types of abnormal cells.

The lipid content of this patient’s erythro-

cytes and the rate of incorporation of C14

fatty acid into membrane phospholipid are

increased but only to a degree consistent

with reticubocytosis. The distril)ution of

phosphohpids is not unusual. Calcium con-

tent is thrice normal. The rates of penetra-

tion of these cells by Ca47 and by several

C14 labeled alcohols, sugars and amines of

various molecular sizes are nornial. “Equiv-

abent pore radius as estiniated in osmotic

flow method is normal.

Since these erythrocyte membrane pores

are extremely permeable to univalent cations

but their length and width are normal. we

tentatively conclude that the basis of this

newly described disease is a decrease in

positive pore charge. a defect which would

depress the membrane barrier to cations.

Under these circumstanes the erythrocyte

is capable of vastly higher rates of cation

pumping than may be detected in drug-

treated normal cells or in any other inherited

red cell disorder observed to (late. These

marked cation piinip rates are clearly in-

dependent of the rate of turnover of fatty

acid in membrane phospholipid.

Sodium Flux
mEq./L. cells/h
In Out Net
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Ervthrocyte pyruvate kinase (PK) defi-

ciency is believed the basic defect in most

nonspherocytic hemohtic anenl�as of type II,

responsible for short RBC survival and auto-

hemolysis in vitro through reduced ATP

generation. Low and intermediate enzyme

levels generally fit genetic and hematologic

evidence for homozvgosity and heterozvgos-

ity for a single abnormal gene.

This studs was prompted b� finding \ery

low levels of PK iii l)C�5OI15 with minimal

or no hemolysis in two pedigrees in which

the I)roPositae with similar levels had severe

anemia. presenting at birth as hydrops or

severe hemolytid disease and thereafter re-

quiring frequent transfusions. Two of the

three patients showed normal ervthrocvte

ATP and marked autohemolvsis uncorrecte(l

l)y ATP.

Of 24 relatives in the two fanlilies. 12

had intermediate PK levels typical for heter-

ozvgotes, two were borderline normal, an-

other was borderline “low” (0.75 units), and

four were normal. The remaining six had low

levels (< 0.4 units) previously found only

in homozygotes, but had minimal or no ane-

mia. RBC autohemolysis was slightly in-

creased, ATP slightly reduced, and added

AlT corrected the mild in vitro defect.

Our laboratory has shown that the light

niitochondrial fraction of kidneys from nor-

mal and hvpoxic rats contains a factor

(REF) which has no ervthropoietic activ-

ity unless it is incubated previously with

normal rat serum. We have suggested that

the REF is an enzyme that acts on a serum

protein subtsrate to produce er�thropoietin

(ESF). It has also been noted that incuba-

tion for extended periods (beyond 10 mm-

utes) results in the inactivation of newly

7

Glucose G-6-PD. triose isomerase. 1)hospho-

glucomutase, and enolase and substrates were

normal.

Genetic analysis and biochemical and

hematobogic findings were compatible with

the presence of two allelic or pseu(loallelic

“interacting” genes associated with PK de-

ficiency. Gene “A,” corresponding to the

condition described 1W others, in the homo-

zvgous � state (not represente(l in the pe(li-

grees) gives lowered ATP production. auto-

hemolysis corrected b� ATP, and moderate

hemolytic anemia. Homozygositv for gene
“B” gives no reduction of ATP, no correction

of autohemolvsis. and severe heniolvsis. Both

have “low” PK. perhaps an epiphenonienon.

Double heterozygotes (genotype AB), cx-

eniplified by our six subjects. show similarly
low values. slight reduction of ATP, correc-

tiOll l)� ATP of slightly increased autohe-

molysis. and minimal hematobogic abiior-

malities. Heterozygotes are indistinguishable

from one another by PK values, and are

clinically normal.

Attempts to demonstrate differences in PK

structure between A and B thus far failed.

The details of the metabolic defect in either

type remain tlflknOWfl.

formed ESF.
In the present experiments. this inactivat-

ing phenomenon has been eliminated by

dialyzing normal rat serun� against 0.005

M EDTA prior to incubation with the REF.

The EDTA was subsequently removed Iw

dialysis against deionized water. Incubation

of the REF with this EDTA-treated serum

for 1 hour 110W resulted in a further

enhancement of ESF Pr0(l1Icti0I� in the reac-

tion mbthire.
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DECREASED ERYTHROPOIESIS ASSOCIATED WITH SUBNORMAL URINARY EnYIHH0P0IETIN

AcTIvITY: THE ANEMIA OF PREGNANCY

Martin Kosmin, Mathews B. Fish, Ralph 0. Wallerstein, Myron Pollycoee, Donald C. Van
Dyke, and Ronald Smith, Clinical Laboratories, San Francisco General Hospital, Department

of Medicine, Division of Clinical Pathology and Laboratory Medicine; Department of

Obstetrics and Gynecology, University of California, School of Medicine. San Francisco; and

Donner Laboratory, University of California, Berkeley, Calif.

9

978 AMERICAN SOCIETY OF HEMATOLOGY

Having thus l)bOCked the ESF (product)

inactivation process during incubation. serum

dependence studies and kinetic studies could

be undertaken. Preliminary evidence mdi-

cated that the amount of ESF produced by

the interaction of the REF with normal se-

rum was proportional to the quantity of Se-

rum present and also to the time of incu-

bation. The rate of the reaction increased

with the amount of REF present in the

incubation mixture. Such behavior is indic-

ative of an enzymatic reaction. Time studies

showed that the ESF-producing reaction oc-

While investigating a series of 29 pa-

tients with anemia during pregnancy, two

patients were found whose anemia could

not be attributed to iron deficiency, acute

blood loss, megaloblastosis, hemolytic ane-
mia, or hemodilution; red cell masses deter-
mined with Cr51-labeled erythrocvtes were

subnormal. Clinical examination, blood

smear, bone marrow aspiration including

hemosiderin preparation, serum iron and

iron binding capacity, serum bilirubin and

haptoglobin, serum folate and vitamin B12.

direct and indirect Coombs’ test, erythrocyte

G-6-PD and hemoglobin electrophoresis
were all within normal limits for pregnancy.

The patients failed to respond to oral iron

and folic acid therapy.
Quantitative iron kinetic studies performed

at approximately the 30th week of gesta-
tion revealed normal erythroc�te lifespan as-

curred very rapidly. A 6 ml. volume (30

mg. protein) of bight mitochondrial extract

containing REF activity produced 2.0 units

of ESF from 48 ml. of normal rat serum

within 20 minutes.

These data support the hypothesis that

the REF behaves like an enzyme which con-

verts a serum ESF precursor into active

ESF. This mechanism is analogous to the

renin-angiotensin system. although renin has

chemical properties that are different from

the REF.

sociated with decreased erythropoiesis (daily

hemoglobin synthesis being approximately

half normal). Urinary erythropoietin activity

assayed in hypertransfused mice, utilizing

the carbowax concentration technic of Finch
was not detectable in specimens collected at

the time of the ferrokinetic studies. By

these same technics a pregnant patient with

iron deficiency anemia and a comparable

concentration of Hb (9 GIn. vs. 7.5 Gm. and

9 Gm. ) exhibited an increase of urinary

erythropoietmn activity of approximately 4

times the normal level.
These preliminary data indicates the exis-

tence of an anemia of pregnancy charac-

terized by decreased erythropoiesis and nor-

mal red cell survival. The decreased urinary

erythropoietin levels noted in these patients

suggest a possible mechanism for this anemia.

THE ROLE OF THE STROMA IN ERYTHROID CELL RIBONUCLEIC ACID METABOLISM

Edward R. Burka, Cardeza Foundation for Hematobogic Research, Jefferson Medical College.

Philadelphia, Pa.

The maturing mammalian erythroid cell ability to synthesize protein. Reactions at

progressively loses ribonucleic acid and the the cell membrane govern many metabolic

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/6/974/573424/974.pdf by guest on 19 M

ay 2023



NINTH ANNUAL MEETING 979

activities. The present studies were designed

to determine if the stroma of the mammalian

ervthroid cell plays a role in its nucleic

acid metabolism.

The amount of RNA in whole hemolvsates,

stroma-free hemolysates (free RNA), and

washed stroma (hound RNA) of rabbit

erythroid cells was determined by the

Schneider technic or by phenol purification.

Following lysis in hypotonic phosphate buf-

fer, the proportion of cell RNA associated

with sedimented stroma averaged 30.5 per

cent (range 19-51), while residual hemoglo-

bin averaged 8.8 per cent (range 2-14 per

cent). Repeated washing of stroma. leaving

less than 0.5 per cent residual hemoglobin.

did not significantl� reduce the amount of

bound RNA. The proportion of bound

RNA did not vary over a wide range of

reticubocytosis. The bound RNA was not

released by fragmentation of the stroma

(freeze-thaw) or by exposure to chemical

lvtic agents. Ten per cent of the bound RNA

was released by altering the membrane

charge with neuraminidase. but more than

50 per cent was released by tr�psin pro-

teobysis (50 y/ml.). Pancreatic ribonuclease

(100 y/ml.) degraded 50 per cent of the

bound RNA but only 25 per cent of the

free RNA.

Forty hours after in vivo labeling with
p32, the specific activity of the bound RNA

was 75 per cent that of the free RNA. The

S.A. of bound and free RNA became equal

130 hours later, indicating slower degrada-

tion of bound RNA.

The data indicate that a significant pro-

portion of erythroid cell RNA is intimately

associated with the stroma. This association

is broken by proteolysis. Bound RNA differs

from free RNA in having a slower rate of

turnover and a greater susceptibility to

exogenous ribonuclease. The association be-

tween RNA and stroma may indicate a speci-

fic robe for the stroma in RNA-mediated

processes, such as protein synthesis.
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ANABOLIC THERAPY iN APLASTIC ANEMIA

L. Sanchez-Medal, A. G#{243}mez-Leal, and L. Duarte-Zapata, Instituto Nacional de Ia

Nutricion, Mexico City, Mexico

Results of the oral administration of high

closes of anabolic hormones (oxymetholone.

methobone, and methenolone) in the treat-

ment of 62 patients (8 children and 54

adults) with aplastic anemia are presented.

Remission rates were 46.7 per cent for the

whole group and 70 per cent for those

treated more than two months. Sixteen cases

have not required maintenance therapy, 14

Of which have been in remission for 2 to 4

years. Ten others relapsed 2 to 4 months

after stopping therapy. but responded to

anabolic readministration; four of the latter

have had several relapses and seem to re-

quire permanent therapy.

In most cases remission started in the sec-

ODd hiniester of therapy. Response to ther-

apy was not related to age, sex, etiology,

degree of pancytopenia, or bone marrow

cellularity. The three anabolic hormones

seemed equally effective.

Eight patients became clinically jaundiced

during therapy; three recovered and five
died. In three of the latter. abnormalities

in liver function existed before treatment.

Excluding the above cases, minimal non-
progressive alterations in liver function tests

were observed in 80 per cent of patients
treated with oxymetholone, a 17-C alkylated

steroid, and in 26 per cent with the other

two nonalkylated agents. The changes in-

duced with the former regressed completely

when it was substituted by methobone or

methenolone. Other side effects were amen-

orrhea and mild virilization; no growth

detention or bone maturation changes were

observed.

Our results contrast with the experience of

others with testosterone. Experimental evi-

dence that the anabobic agents used have

greater ervthropoietic activity than testoster-

one will be presented.
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EFFECTS OF ECTROMELIA VACCINE ON INDUCTION OF LEUKEMIA IN C3H MICE

E. J. Lappat, M. I. Cawein, and K. Durham, Department of Medicine, University of

Kentucky Medical Center, Lexington, Ky.
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MICROINCISION OF SICKLED ERYTHHOCYTES BY A LASER BEA\I

%Vallace N. Jensen, Philip A. Brolnherg, and Marcel Bessis, Pittsburgh, Pa.. and Paris. France

The multiple rigid projections of sickled

cells not only affect their rheobogic behavior.

thus predisposing to vascular stasis. occlusion

and thrombosis, l)IIt may also render the cell

particularly susceptible to in vivo mechan-

icab injury. We have cinematographicalbv re-

corded. through phase optics, the behavior

of single sickled cells following injury to

one of their processes.

A ruby baser beam (6943 A) was dis-

charged ill 500 microseconds to a spot less

than 2 microns in diameter in a sealed

suspension of sickle cell blood. When a non-

sickbed cell is irradiated as peripherally as

possible, gross damage and hemolysis result.

When a narrow process of a sickled cell is

irradiated, the extent of injury is reduced.

Following visible distortion and charring of

the irradiated area. one of a variety of se-

queblae ensues. In some cells rio further
change occurs. In others, the portion of the

process proximal to the site of injury l)e-

comes flexible and appears to flow into the

cell body. The nonirradiated processes then

become flexible aIl(l are transforniecl into

beaded filaments (myebin forms) as the cell

becomes spherical. In some sphered cells

more or less rapid hemoglobin loss occurs

(5-90 seconds). In others, the density of the

sphere remains unchanged for more than 30

minutes.

It is suggeste(l that injury to a rigid

cellular process with boss of membrane

material may prod1uce membrane defects

beading to “leaky” cells. Large defects per-

mit direct egress of hemoglobin. Smaller de-

fects may preclude hemoglobin passage. but

net influx of electrolytes and water causes

dissolution of intracellular tactoids and in-

crease in cell volume. This may result in

formation of a spheroc�te or ma� proceed

to a critical volume with lysis. Regardless

of the mechanisms involved, it is suggested

that circulating sickled cells are subject

to avulsion of processes by inechani�al injury.

Such cells may undergo either immediate

hemolysis or transformation mt() spheroc�’tes

which are subject to er�throphagoc�tosis.

12

Using various viral agents, attempts have

been made to decrease the susceptibility

to. or alter the course of, leukemia in both
experimental animals and man. It was the

purpose of this study to see if any pro-

tective effect on the induction of leukemia
in suckling offspring would be afforded by

prenatal ectromelia vaccination of the

mother.

C3H female mice 3 to 4 months of

age were given 4 “tail” vaccinations of

ectromelia at 2 week intervals following

which they were bred with normal C3H

males. Maternal vaccinations were repeated

in the last “trimester” of pregnancy and

at 2 week intervals following birth for

2 months. At 5 days of age the F1 sucking

offspring were given 0.3 ml. of Gross

“Passage A” leukemia virus intraperitoneall�.

At 2 months of age they receive(l ectro-

melia “tail” vaccinations. Similarly, 5-day-

old normal C3H suckling mice born of

nonvaccinated normal mothers were inocu-

lated with Gross leukemia virus to serve

as controls.

In the control series, 93 per cent of the

animals developed leukemia and either died
or re(1Uired sacrifice within 2 to 4 months.

In the study group, nursed1 by ectromelia

vaccinated mothers and receiving ectromelia

vaccinations at 2 months of age, only one

of the animals developed leukemia. Of

this group one died following ectromelia

vaccination; 4 died within 3 weeks following

leukemia virus inoculation. Autopsy revealed

110 pathology or evidence of leukemic in-

volvement. There has been no development

of leukemia in any of the remaining animals.

The authors feel that a “protective”
mechanism, either transplacental or trans-
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I�HYTOHEMACCLUTININ (PHA) CONTROL AT THE GENE LEVEL OF SYNTHESIS OF

LACTIC DEHYDROGENASE (LDH) IS0zYSIEs

)ale Rabinowitz and Albert A. Dietz, Research Service. Veterans AdminiStration Hospital.

an(l the Department of Medicine of the Loyola University Stritch School of Medicine,

Hines. Ill.
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Two ANTICENICALLY DISTINGUISHABLE S�ct�.ssas OF HUMAN y,� GLOBULINS DIF-

FERING IN THEIR HEAVY CHAINS

Donald Feinstein and Edward C. Franklin (Sponsored by Samuel I. Rapaport), New York

University School of Medicine, New York, N. Y., and University of Southern California

School of Medicine, Los Angeles, Calif.
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mitted via the mothers milk, has been

afforded by prenatal ectromelia vaccination.

Lymphocytes cultured with PHA showed

an increase in total LDH with a rise in

muscle (M) LDH and fall of heart (H)

LDH pob�peptide units. Changes in the

proportions of the five LDH isozvme bands

on acrvlamide-gel disc electrophoresis in
PHA lymphocyte cultures were detectable

after only 4 hours incubation. Rate of in-

crease of total M-LDH was linear for 48

hours and then diminished. Significant (p <

0.001) increases in LDH-5 and decreases in

LDH-1 were found in 24 hour PHA l�mpho-

cvte cultures. Lymphocytes cultured without

PHA showed little or no change in total

LDH or isozymes during 3 clays of culture.

Actinomycin-D or �)lIroI11�cin completely

inhibited the PHA-stimulated alterations in

LDH and prevented blast-cell formation.

Lymphocytes from cases of chronic lym-

phatic leukemia which gave a positive PHA

reaction (formed blast-like cells) showed an

increase in M-LDH, but no change in LDH
occurred when the PHA reaction was nega-

tive.

Kunkel and Pendergast, Vaerman and

Heremans, and Feinstein and Franklin have

demonstrated two antigenically distinguish-

able classes of y,� niyeboma proteins differ-

ing in the heavy chains. With two of 14

antisera specific for a chains, 38 of 44 A

niyeloma proteins (major group) demon-

strated spurs extending over the precipitin

lines formed by the other six (minor group).

Absorption of these antisera with deficient

proteins abolished the rea�tion with all

deficient molecules, but only diminished the

Serologic and paired foster nursing studies

are currently in progress.

Granulocytes, which are rich in M-LDH

(64 per cent), showed minimal changes

in LDH isozyme patterns after culture with

or without PHA. Actinomycin or l)1lr�I11Y’ciIl

resulted in fall of total LDH, but the

proportion of M-LDH was unchanged. This

suggests that there is synthesis of LDII

with the original isozvme pattern to niain-

tam LDH levels in these cells.

PHA in lymphocyte cultures appears to

have an action directly affecting the activity

of the genetic boci for H- and M-LDH.

Since actinomycin blocks DNA-directed

synthesis of messenger RNA, PHA must

be acting at or before this point. PHA

perhaps acts at allosteric sites on protein

repressors or inducers of the operons for

the LDH pol�peptides. Change in LDH

isozyme pattern may he required for the

threefold to fourfold increase in glucose

consumption and lactic acid production

which occurs during the first day of culture

with PHA and which ma� he prerequisite

for blast-cell formation.

intensity of the reaction of spur formers.

Confirmation of the existence of a minor

group of A myeboma proteins was obtained

with an antiserum against one of the six

deficient proteins. Following absorption

with umbilical cord serum, it reacted only

with the six deficient proteins and not with

the 38 major group proteins. In each group
the class specificity resided in the heavy

chain. Proteins in the two groups did

not differ in electrophoretic n�ol)ility or

sedimentation properties. The antigenic
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A CASE OF MULTIPLE MYELOMA ASSOCIATED WITH URINARY EXCRETION OF A

UNIQUE HEAVY CHAIN DISTINCT FROM THAT DESCRIBED

iN HEAVY CHAIN DISEASE

A. U. Sargent, Brani Rose, Anil Saha and A. G. Kendall, Division of Imniunochemistry and

Allergy. and Department of Hematology, McGill University Clinic, Royal Victoria

Hospital, Montreal, Canadla

BuRKIi-l TusloR IN THE UNITED STATES: DIAGNOSIS, TREATMENT. ANI) PR0cN0SI5

John L. Ziegler and Paul P. Carbone, Solidl Tumor Service, Medicine Branch, National

Cancer Institute, National Institutes of Health, Bethesda, Md.
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properties were not affected by mercapto-

ethanol. Twenty-six of 38 of the major

group and five of six of the minor group

had K light chains.

Both classes of y,� globulins were found

in normal sera. Quantitative precipitin

analyses of ten normal sera revealed a mean

concentration of 210 mg. per cent (80-

300) for the major � class. The antiserum

to the minor group was too weak for such

analyses and permitted only semiquantita-

tive estimation by Ouchterlonv double dif-

A 55-year-old male presented with the

classical signs and symptoms of multiple

myeboma. Abnormal plasma cells were de-

tected in the peripheral blood and bone

marrow. A homogeneous peak was present

in the gamma globulin region of the serum.

This abnormal protein was identified as a

6.6 S IgG. Genetic typing of the purified

IgG component, conducted by Dr. A.

Steinberg of Western Reserve University,

revealed the presence of mV (1-) lambda

type L chains and Gamma 2a, Gm (1+)

�pe heavy chains. The presence of two

components in the patient’s concentrated

urine was revealed by DEAE-cellulose

chromatography followed by gel filtration

on Sephadex G-75. The major component

contained only heavy chain determinants of

the Gamma 2a type and sedimented with
a velocity coefficient of 5.8. Analytical

ultracentrifugation of the heavy chain in

increasing molarity of urea indicated that

it was not a polymer held together b�’

The Burkitt tumor is a poorly differen-

tiated lymphosarcoma with a high pred-

ilection for jaw, ovarian, abdominal lymph

fusion of serially diluted sera. Fourty-three

of 77 normal sera (56 per cent), and 70

of 124 sera from patients with a variety of

diseases (59 per cent) reacted only in the

undiluted state. Since the antiserum reacted

with a pool of minor group mveboma pro-

teins only at concentrations greater than 7

111g. per cent., the concentration of the minor

class in reactive sera appeared to be about

7-14 mg. per cent and less than that in

nonreactive ones.

short-range forces. Reductive cleavage by

mercaptoethanol, followed by alkylation and

gel filtration, produced a component of

2.1 S. The evidence therefore indicated that

the major protein component present in

the patient’s urine consisted of only disul-

fide-linked heavy chains. Preliminary studies

of the second urinary protein indicated that

it possessed both free Fe fragments and

lambda chains. It seems that the patient.

though capable of producing a complete

IgG of a particular genetic type, is unable to

regulate the synchronous synthesis of L

and H chains and, to a lesser extent, to

complete the whole polypeptide moiety.
The present findings are unique and quite
distinct from those described by Franklin

and Osserman in their cases of heavy chain

disease characterized by the presence of a

3.5 5 protein component with the antigenic

determinants of the Fe fragments of the

heavy chain.

16

node, and visceral involvement an�1 with

a high incidence among children of central

Africa. Many interesting etiologic and
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ACQUIRED INmBIT0Rs OF ANTI-HEsIoPuu.lc GLOBULIN (FACTOR VIII):

A NEw MONOTYPIC ANTIBODY SYNDROME

Sandor S. Shapiro (Introduced by Allan I. Erslev), Cardeza Foundation for Hematological
Research, Jefferson Medical College, Phibadephia, Pa.
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immunologic studies, as well as the favorable
response of the African patients to chemo-

therapy, have emerged. Histologically the

tumor occurs in other localities, but little

data is available concerning its response

to therapy or prognosis in these nonendemic

areas. The iresent report is a review of 12

patients studied at the National Cancer

Institute in the United States with clinical

and histologic features similar to the Burkitt

tlIflld)r.

There were seven females and five males;

the average age was 10 �ears and all but

one were Caucasian. Ten of the 12 patients

1resented with complaints referable to an
abdominal mass; two patients presented

with jaw tumors. Four patients demonstrated

complete remissions for varying periods of

time. A fifth patient recently presented with

ovarian Inasses following a very prolonged

complete remission from acute lymphocytic

leukelnia. The average survival for 10 pa-

tients was 17.2 weeks from the onset of

symptoms and 10.8 weeks from the time

The sudldell appearance of a circulating

ilihihitor of Antihemophilic globulin (Fac-

tor VIII) is an uncommon but well-docu-

inented phenomenon. Most inhibitors are

found in individuals belonging to one of

four clinical groups: (1) patients with

classical hemophilia A; (2) normal post-

partuin females within the first six months

after delivery; (3) individuals suffering from

a wide variety of disease states and having.

or thought to have. an immunologic setting

(e. g.. rheumatoid arthritis, penicillin re-

actions); and (4) elderly persons of both

sexes in prior good health. The chemical

nature of these inhibitors has not been

definitely established. Kinetic studies have

led some investigators to conclude that

Factor VIII is destroyed enzymatically,

while others interpret their results to in-

dicate stoichiometric inactivation.

The present investigation was undertaken

in an effort to resolve this conflicting evi-

clence. Three cases, representative of the

of diagnosis. Death was the result of tumor

growth in seven patients, infection in two.

and hemorrhage in one. Three patients
developed diffuse l)One marrow invasion,

and two developed meningeal involvement

which responded to intrathecal aminopterin.

The clinical complications and autopsy

findings will be described.

From two patients continuous tumor cell
lines were established in tissue culture and

herpes-like viral particles were identified in

one of these. In the serum of four patients.

preliminary studies have revealed antibodies

to the cultured Burkitt tumor cell mem-

branes. These data indicate the need for
further intensive studies of the Burkitt tumor

in the United States, particularly with re-

gard to the response to chemotherapy,

immunologic features, the relation to acute

leukemia, and to the associated virus. Such

studies will also determine the distinctive-

ness of the Burkitt tumor within the spec-
trum of the malignant lymphomas.

first three clinical categories. were compared.

Using immunologic technics, all three in-

hibitors were found to he “monotypic”

antibodies of class IgG, type K (y2K2).

Their mobilities varied from slow y to fi

on starch block electrophoresis. Kinetic stud-

ies demonstrated that inhibition was stoi-

chiometric, one molecule of inhibitor ( or

one site on a molecule) being required to

inactivated one molecule for Factor VIII.

Inhibitors could be exhaustedi b�’ serial

additions of concentrated Factor VIII prep-

arations, whereas similar preparations made
from hemophilic plasma had no such effect.

Production of “monotypic” immunoglob-

ulin unassociated with a generalized plasma-

cytic dyscrasia is a rare phenomenon, hither-

to observed only in the syndrome of chronic
hemolytic anemia due to cold hemagglu-

tinins. The present report appears to be the

second syndrome due to “monotypic” anti-

body, and the first instance involving IgC

immunogbobulins.
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MICROTUBULES IN HUMAN PLATELETS AND IN THE PLATELET-FIBRIN M�siswo�x:

A PoSSIBLE MECHANISM FOR CLOT RETRACTION

James G. White, Melvin J. Silver, and William Krivit, Department of Pediatrics, University

of Minnesota School of Medicine. Minneapolis, Minn.

A COMPARISON BETWEEN HUMAN BLOOD PLATELETS AND LIMULUS AMEBOCYTES

Jack Lenin and Frederik B. Bang, Marine Biological Laboratory, Woodis 1 lobe. Mass..

The Department of Medicine, School of Medicine, and the Department of Pathobiobogy,

School of Hygiene and Public Health of The Johns Hopkins University, Baltimore. McI.
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An intimate fine structural relationship

of platelets and fibrin was noted previously

in human blood clots (Blood 25:241. 1965).

Recent advances in fixation for electron

microscopy have permitted clarification of

the platelet-fibrin association and have

suggested a new mechanism for clot re-

traction.

Blood from normal donors was mixed

immediately with a solution containing

sodiuln citrate, dextran, and glutaraldehyde

(G.) After centrifugation, huffy coats were

separated as firm disks, refixed in osmic

acid (O.A.), dehydrated and embedded in

plastic. Platelets prepared in this manner

retain the discoid shape of circulating cells

and contain hyaboplasmic structures not evi-

dent in cells fixed in O.A. alone. Fine

tubules, tip to 15 in number and 250 A in

diameter, form circumferential bands under

platelet surface membranes. Occasionally
the system of microtubules penetrates deeply

into the platelet substance between granules

and other organelles. Microtubules appear

to serve as a cytoskeleton for maintenance

The blood of Limulus, the horseshoe

crab, contains only one type of cell, the

amebocyte, which in many ways resembles

the mammalian platelet. The robe of the

amebocyte in coagulation was compared

with that of the platelet. Amebocytes were

observed to aggregate at the site of blood

vessel injury and in shed blood. Blood

coagulation was associated with alterations

of the cells. including swelling, aggregation,

degranulation. and the appearance of fila-

mentous processes. N-ethyl maleimide was

the only substance found to prevent aggrega-

tion of Limulus amebocytes in shed blood.
Under the experimental conditions employed,

hypertonicity, low pH, magnesium and/or

calcium free solutions, sodium citrate.

of the disc shape of unaltered platelets.
The role of microtubules in clots was

examined in samples of recalcified platelet

rich plasma. Tubes of blood carefully

collected in sodium citrate were centri-

fuged, supernatant plasma removed, and

CaCl9 layered on the buffy coat. In other

experiments portions of platelet rich plasma

were recalcified and rotated on a Chandler

wheel. Clots formed in both systems were

rapidly fixed in G.-O.A., and embedded.

Microtubules were evident in the clots

formed in stationary and rotating platelet

samples. In platelet aggregates the tubules

formed an extensive network throughout

pseudopodial extensions. At the periphery of

aggregated cells and in single platelets

intimate associations between microtubules

and fibrin strands were apparent. The oh-

served associations suggest that niicrotubules

ma� be the structural equivalent of the

platelet contractile protein. thrombosthenin.

Shortening of microtubules ma� cause con-

traction of platelet aggregates and retrac-

tion of the platelet fibrin meshwork.

19

EDTA, heparin. ascorbic acid, mercapto-

ethanol, iodoacetamide, and colcemide did

tiot block aggregation.

Lysates of amebocytes. like lysates of

platelets, contained cbottable protein, but

in contrast to mammalian plasma, cell free

Limulus pbasnla was incoagulable.

Limulus and mammalian coagulation sys-

teins respond to endotoxin. Amebocytes.

bike platelets, were required to demonstrate

the action of endotoxin on coagulation

in vitro. Endotoxin clumped and disrupted

amebocytes and caused their granules to

explode with production of a gel. EDTA,

but not heparin or sodium citrate, blocked

these actions of endotoxin. Vibrio infection

in Limulus produced intravascular coaguh’-
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AN ULTRASTRUCTURAL STUDY OF THE MECHANiSMS OF PLATELET-ENDO1’OXIN

INTERACTION

A. R. Spielvogel (Introduced by Theodore H. Spaet), Department of Hematobog�,

Montefiore hospital and Medical Center, New York, N. Y.

End products of proteol�tic digestion of

fibrinogen by plasmin have been identified

by previous investigators as five large poly-

1eptides, Fragments A to E. One of these
“final” products (Fragment D) has antico-

agulant properties that some investigators

NINTH ANNUAL MEETING 985

tion, amebocytopenia, incoagulabibity of the

l)bood, and death-findings similar to those

described in man during gram-negative

sepsis.

The finding that amebocvtes contain the

0111% clottable protein in Liniulu.s blood

provides a biological precedent for the

concept that mammalian platelets contain

functionally significant fibrinogen . Amebo-

cvtes are essentially packets of coagulation

Des Prez andl Horowitz have shown that

incubation of rabbit platelets with endotoxin

results in the “release reaction” ar.cl dlepends

upon calcium and! a heat-labile plasma

component. In the present studies, electron

microscopy has been used to clarify platelet

structural alterations and the mechanism of

interaction with endotoxin.

The basic reaction seen is a morphologic

association between platelets and a three-

layered structure, and degranulation of

platelets with niembrane lysis. Ultracentrif-

ugation of the endotoxin suspension sug-

gests that the activity of Boivin E. coli
0127:B8 (Difco) is dependent upon the

three-layered structure visualized. presum-

ably cell wall. Although occasional platelet

engulfment of endotoxin particles was noted.

failure of metabolic inhibitors (bodoacetate

10-4M., dinitrophenol 10-4M., sodium fluo-

ride 10- 2N1 and potassium cyanide

10- .IM. ) to inhibit degranulation correlates

with the morphologic observation that

meml)rane bysis. rather than phagocvtosis. is

the pathway to degranulation.

Measures which inactivate complement

inhibit degranulation, suggesting comple-

ment dependence. Platelets suspended in

potential which can function without acces-

sory plasnla factors. The coagulation system

of Limulus, through the mediation of

amebocytes, is exquisitely sensitive to

endotoxin and serves as a defense mechanism

to control bacterial infection. The role of

platelets in the response of mammalian

coagulation systems to encbotoxin prohahl�

represents the remnant of this prililitive

antibacterial mechanism.

plasma which had been heated to 56 C. for

30 minutes, absorbed with zymosan. in-

cuhated with NH4OH, or anticoagulated

with disodium ethylene-cliamine-tetraace-

tate remained intact.

Rabbit platelets resuspended in platelet

poor plasma, which had been absorbed with

endotoxin, no longer reacted with the E. coli

preparation, suggesting the presence of an

endotoxin-specific plasma component. pos-

siblv “naturally occurring antibody.”

In vitro mixing of guinea pig, dog, rat.

and rabbit platelets with endotoxin resulted

in platelet clumping and structural associa-

tion of the endotoxin particles with platelets.

whereas human platelets showed no signifi-

cant clumping or interaction. findings con-

sistent with the immune-adherence phenom-

enon. Of interest was the observation that

only rat and rabbit platelets degranulated.

This study supports the view that the

platelet-endotoxin interaction is iinmuno-

logic. It suggests that the endotoxin. sensi-

tized with antibody and complement. at-

taches to the platelet surface through

immune-adherence. and in some species

nleml)rane lvsis and degranulation follow.
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MOLECULAR CHARACTERISTICS AND ANTICOAGULANT ACTIVITY OF INTERMEDIATE

PRODUCTS OF FIBRINOGENOLYSIS

Victor J. Marder, !tfarie-Jos#{233} Larrieu, and N. Raphael Shulman, National Institutes of

Health. Bethesda, Md.. and the H#{244}pital St. Louis, Paris. France
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IHE NATURE OF VASCULAR Li.sioN IN TH.ROMBOTIC THROMBOCYTOPENIC PURPURA

Hau C. Kwaan, Robert V. Pierre, Elizabeth V. Potter, and Guillermo E. Gallo, Department

of Medicine, Northwestern University Medical School. and the V. A. Research Hospital,

Chicago, Ill. (Supported by U. S. Public Health Service Grants HE 10573 and HE 07057)
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consider to be responsible for many of the
hemorrhagic manifestations of fibrinogenol-

ysis. Others have found that “early” split
products also have anticoagulant action. but

the nature of these early products has not

been clarified. In the present work, three

dearly definable stages in the course of

Fibrinogenol�sis have l)een identified. Two

fragments formed at an early stage of di-

gestion (called Fragments X and Y) were

characterized ph�sicochemically, and one

of these ( Fragment X ) was found to be

more effective as an anticoagulant than Frag-

nient 1) of the “final” products.

The three stages of fibrinogenolvsis are

(lefined on the basis of specific patterns in

agar gel and immunoelectrophoresis. ther-

mal precipitabilit�, and gel filtration. All

stages of digestion contain predictable

amounts of Fragments A to E. At the ear-

best stage (Stage 1), the major breakdown

product present is the intermediate Frag-

irient X. which differs from fibrinogen chief-

Extensive microthrombi formation is an
essential component of the pathology

of thrombotic thrombocytopenic purpura

(TTP), but the etiology of the fibrin dep-

osition in the involved small blood vessels

is unknown. Intravascular coagulation per se

does not explain the nature of this lesion

since defibrination has never been observed

in association with this syndrome. The
thrombolytic mechanism was therefore in-

vestigated in a patient with TTP. Biopsy

and autopsy specimens (including skin, kid-

ney, lung, heart, liver, spleen. uterus, stom-

ach. duodenum, ileum, skeletal muscle, mar-
row, and lymph nodes) were studied by the

histochemical fibrin slide method for plas-

minogen activator and b� the immunofluo-
rescent method for fibrinogen. gamma glob-

ulin, and �!-1-C complement. The plasma

was also assayed on different occasions dur-

ing life for plasminogen activator and in-
hibitors of fibrinolytic activity and for fibrin-

ogen. Characteristic hematobogic changes in

22

ly by its electrophoretic mobility in agar.
Stage 2 contains less Fragment X, trace

amounts of fibrinogen, and the second inter-

mediate Fragment Y. Although Fragments

x and Y have molecular weights which are

similar to that of undigested fibrinogen,

these molecules migrate (lifferentlv in agar

gel and elute at different rates within the

first peak of Sephadex G-200 gel. Stage 3.

the “final” stage, contains only Fragments

A to E.

Fragment X markedly prolongs the

thrombin time and accounts for most of

the anticoagulant activity of “early” break-
clown products. In plasma, streptokinase-

induced fibrinogen degradation proceeds

only through Stages 1 and 2, in the plasma

or serum of patients with fibrinogenolysis

the agar gel and immunoelectrophoretic pat-

terns typically correspond to Stages 1 and 2.

Thus Fragment X appears to be an impor-

tant factor in the hemorrhagic diathesis of

fibrinogenolysis.

peripheral blood and hone marrow were

found, as were the typical lesions of thrombi

formation in the small blood vessels in all
the organs studied. Plasminogen activator
was present in normal amounts in the unin-

volved blood vessels in all of the tissues

studied. It was absent. however. in those

vessels occluded by thrombi. Such absence

of plasminogen activator in thrombosed yes-

sels is unusual and is not characteristic of

intravascular thrombosis of other types.

Moreover, the plasma inhibitors of fibrino-

lytic activity were not increased and the

plasminogen activator level in the circulat-

ing blood was normal. The loss of fibrino-

lytic activity around thrombi, therefore, ap-

peared to be a local effect and was associ-

ated with the presence of damaged endo-

thelial lining of the involved vessels. 1111-

munofluorescent studies revealed bright

staining for fibrin in all of the thrombi. In

contrast, gamma and 11-1-C globulins were

present only on the periphery of a few
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X-LINKED HYPOCHROMIC ANEMIA OF MICE-A DIsoiwER OF IRON METABOLISM

P. H. Pinkerton and R. M. Bannerman, Department of Medicine, State University of

New York at Buffalo, Buffalo, N. Y.

OXYGEN CONSUMPTION OF IRON-DEFICIENT MITOCHONDRIA

Ward D. Noyes and B. C Green (Introduced by Thomas F. Newcomb), J. Hillis Miller

Health Center, University of Florida, Gainesville, Fla.
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thronibi and in the adjoining vascular in-

tima. Although these observations may not
exclude an immunologic factor for the

vascular damage, they fail to indicate the

presence of antigen antibody combinations

as major components of the thrombi.

23

The sla nmtant, inherited as an X-linked

recessive, produces hypochromic microcytic

anemia which regresses with age. Since the

anemia occurs on a normal iron-containing

diet and since serum iron estimations in

normal and anemic mice give similar results,
it is surprising that the anemia responds to

parenteral iron dextran therapy. However,

the response in hemoglobin bevel is some-

times slow and incomplete. Utilization of

tracer doses of 59Fe is in the lower range of

normal.

Absorption of organic and inorganic iron

is normal when 10 �sg. doses are used, but

preliminary studies with 1 �sg. doses show

low absorption in anemic mice.

Histochemical studies with the Prussian

Blue reaction reveal an absence of sidero-

cytes and sideroblasts. Further, the body
stores of iron, notably in the spleen, are

reduced in the anemic mice. By contrast,

the same animals have excessive quantities

of iron in the small intestinal mucosa.

24

Iron deficiency at times is accompanied

by generalized complaints in excess of that

attributable to the degree of anemia. Experi-

ments bearing on this problem have shown

lowered activity of heme-containing en-

zymes in various tissues of iron-deficient

animals. However, the relation of these find-
ings to tissue metabolism remains uncertain.

Oxygen consumption of iron-deficient pa-

tients and of granulocytes from such patients

has been shown to be normal. The present

studies report changes in the respiratory rate

of mitochondria from iron-deficient rats.

Mitochondria were isolated from cell ho-

X-linked anemia seems to be due to a

defect in iron metabolism, since the hemo-

gbobin is qualitatively normal and no evi-

dence exists to suggest an X-linked control

of globin synthesis in the mouse. The high

free erythrocyte protoporphyrin previously

reported is taken to exclude a primary de-
fect of heme synthesis up to the stage of

protoporphyrin IX.
The absence of siderocytes and sidero-

blasts, together with the high free E.P., sug-

gests that the erythron is inadequately sup-

plied with iron, and the histologic evidence

implies that this is true also of other tissues.

These facts, together with poor iron utili-
zation, suboptimal response to iron-dex-

tran, and adequate plasma iron levels, sug-

gest the hypothesis that the primary distur-

hance in sla involves the transfer of iron

from plasma to tissues. This hypothesis

could also explain a partial blocking of iron

absorption and buildup of iron in the in-

testinal mucosa.

mogenates of liver and! kidney by differen-

tial centrifugation in cold isotonic media.

Oxygen consumption was measured in the

presence of substrate at 38 C. b�i polarog-

raphy. This was related to protein content

of the mitochondrial preparation as meas-

ured by Lowry’s technic. Response to A.DP

was demonstrated in each preparation as

evidence of active coupling with phosphoryl-
ation. The mean oxygen consumption in

�sM O2/hr./mg. protein in six normal animals

was 0.89 (0.56-1.1) for liver mitochondria

and 2.13 (1.77-2.38) for kidney. In nine

iron-deficient animals, the corresponding
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LEUKOCYTE IIIST1DINE DECARIIOXYLASE ACTIVITY IN MYELOPROLIFERATIVE DlsoiwERs

Stephen Krauss, Harriet S. Gilbert, Gertrude Lurinsky, and Louis R. Wasserman, Department

of Hematology, The Mount Sinai Hospital. New York, N. Y.
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values were 0.67 (0.41-0.90) and 1.33

(0.72-2.26). These changes are significant

at the 0.05 level. This decrease in oxygen

consumption is of the same magnitude as

the known fall in both heme and nonheme

iron content of mitochondria under similar

25

Increased levels of leukocyte histamine

account for the elevation in whole blood

histamine observed in patients with myebo-

proliferative disorders. Tissues rich in hista-
mine such as stomach and mast cells possess

the ability to form this amine by the intra-

cellular clecarboxylation of histidine. Of two

enzymes known to catalyze this reaction,

only one is believed specific for a histidine

sul)strate. In order to determine if increased

leukocvte histamine levels in myeloprolifera-

tive disorders result from increased leuko-

cyte histamine formation. a procedure

for the determination of beukocyte histidine

decarboxylase activity was established,

based on trapping C14O2 evolVed1 during

incubation of a beukocyte enzyme prep-

aration with carboxyl-labeled histidine.

Washed leukocvtes obtained by dextran
fractionation were sonicatecl, centrifuged

at 30,000 g. and the supernatant passed

through Sephadex G-25 to remove endog-

enous histidine. The protein-rich eluate was

then incubated at pH 6.0 for 1 hour with

pyridoxal phosphate and carboxyl-labeled

C’4-histicline. with streptomycin added to

retard bacterial growth. Data obtained are

expressed as cpm/mg. enzyme protein after
subtraction of a suitable blank. Results in

conditions. These results indicate a restric-

tion of respiration in mitochondria from two

organs which are vitally dependent on

aerobic metabolism. Iron deficiency may be
considered as a disease of the mitochondrion

as well as of the erythron.

30 patients were as follows: polycythemia

vera, controlled (9 cases) 26.6 ± 6.1;

polycythemia vera, uncontrolled (7)

46.5 ± 22.4; spent polycythemia and/or

fllyelOfibrOSis with myeboid metaplasia (6)

46.0 ± 32.7; chronic m�ebocytic leukemia

(4) 264.7 ± 207; nornial subjects (4)

27.4 ± 9.2. Fractionation of whole beuko-

cytes on nylon fiber columns localized most

of the enzyme activity to a fraction con-

sisting largely of segmented and nonseg-

mented pol�morphonuclear leukocytes. Pre-

liminary purification of the enzyme using

ammonium sulfate fractionation yielded in-

creases in specific activity tip to 30-fold

in the fraction precipitating between 20 audI

40 per cent saturation. Properties of the

partially purified enzyme include depend-

ence on pyridoxal phosphate. marked in-

hibition by a specific histidine decarboxy-

base inhibitor, alpha-hydrazino-analog of

histidine, and minimal inhibition by alpha-

methyl dopa, an inhibitor of the nonspecific

aromatic amino acid decarboxylase. It is
concluded that the increased leukocyte his-

tamine content in uncontrolled myebopro-
liferative states results from an increase in

leukocyte histidine decarboxylase activity.

26

ERYTHROCYTE GLUTATHIONE-PEROXIDASE DEFICIENCY AND HEMOLYTIC DISEASE OF

THE NEWBORN

Thomas F. Necheles, Theresa A. Boles, and Donald M. Allen, Tufts University School of

Medicine, and New England Medical Center Hospitals, Boston, Mass.

Erythrocyte glutathione-peroxidase ( GSH- oxidizing agents. Gross et ab. have previously
Px ) appears to be the final step in reported a decreased level of this enzyme in

the protection of the red cell membrane the red cells of normal newborns. Recently

and hemoglobin from the action of various we have observed a syndrome in three new-
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THE HI5T0I.0;Y OF THE PRIMARY IMMUNE RESPONSE TO FOREIGN RED CELLS

AND THE EFFECT OF CORTISONE

C. G. Craddock, A. Wi,ikelstein, 1. Matsuyuki, and J. S. Lawrence, Department of Medicine.

University of California School of Medicine, and Hematology Research Laboratory,

Veterans Administration Center. Los Angeles. Calif. (Supported by Public Health Service

Research Grant No. CA 07169-03 from the National Cancer Institute and USPHS

Grant No. 1 F3 AM 32,294-01)
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horns consisting of hemobytic anemia, neo-

natal jaundice. and increased numbers of

Heinz bodies after incul)ation with acetyl-

phenybbiydrazine. None of the three had

fetomaternal incompatibility, decreased

erythrocyte G-6-PD activity, or other pre-

cipitating causes. The henlolytic process was

self-limited with complete recovery within

several weeks. Levels of erythrocyte GSH-Px

from babies with this syndrome were about

one-half of that found in er�throcytes of

The rat’s hemolvsin production in re-

sponse to a primary intravenous injection of

sheep RBC’s (SRBC) is confined to the

spleen. Appearance of hemolysin producing

cells, determined by the hemolytic plaque

technic, is preceded by breaking tip of exist-

ing splenic lymphoid aggregations. appear-

ance of large inacrophages containing cellti-

bar debris (tingibbe body cells) throughout

the follicle. and active lymphopo�esis. There

follows formation of multiple new reactive

germinal centers. Cortisol given prior to

SRBC prevents the sequence of morphologic

events but does not curtail l�mphopoiesis by

remaining lymphatic tissue. Indeed, lympho-

poiesis is markedly increased during recov-

ery phase from cortisol lympholysis.

Evidence will be presented supporting the

view that a major effect of cortisol is to in-

terfere with the induction phase of antigen

processing which must occur before antigen-

induced, specific l�mphopoiesis, and devel-

matched infants of similar age. Infants with

erythrobbastosis fetalis due to isoimmuniza-

tion have increased levels of GSH-Px. It is

postulated that a congenital defect in this

enzyme, superimposed upon the physiobogi-

calls’ low levels present in the newborn pe-

nod, results in a self-limited hemobytic proc-

ess. Glutathione-peroxidase deficiency ap-

pears to be a previously undescribed cause

of hyperbilirubinemia in newborns.

opment of antibody-synthesizing cells Can

occur. The areas of the lymphatic system

which are most damaged by the lympho-

lytic effects of cortisol are the areas where

cellular proliferation and breakdown are

most rapid and DNA reutili ation is most

evident-i.e., the thymus, bone marrow lym-

phocytes, andi germinal center lymphocytes.

Macrophages are not destroyed by cortisol,

nor is production of niacrophages curtailedl.

However, phagocytic activity is suppressed.

We believe that the effect of pretreatment

with cortisol is partially attributable to the

elimination of short-lived lymphocytes and

prevention of their production in areas

where antigen localization is occurring. It

is suggested that the major function of these

short-lived cells in this type of immune re-

sponse may be nonspecific opsonization of

antigen which potentiates phagocytosis by

macrophages.

FIRST CASE OF TPNH-METHEMOGLOBIN REDUCTASE DEFICIENCY

i%Iartin D. Sass, Carmine j. Caruso, and Mehdi Farhangi (Introduced by Paul ‘H. Spear),

Medical Service, Veterans Administration Hospital. Brooklyn, N. Y.

Two mechanisms are known to be in- these, under the control of DPNH-metherno-

volved in the reduction of methemoglobin globin reductase. is considered to play the

in the normal human erythrocyte. One of major role in maintaining normal levels of
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LECITHIN AND LYSOLECITHIN METABOLISM IN RAT ERYTHROCYTE MEMBRANES

Alvin R. Tarlov, Argonne Cancer Research Hospital, and the Department of Medicine,

University of Chicago. Chicago, Ill.
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methemogbobin. The contribution of TPNH-

methemogbobin reductase, the enzyme con-

trolling the second mechanism, has been the

subject of some controversy and is presumed

to function as an alternate or standby mech-

anism for methemogbobin reduction.

Much of the available information on the

DPNH-linked pathway stems from studies

on patients with an inherited deficiency of

DPNH-methemoglobin reductase. The pres-

ent report will describe our findings in a

case of marked TPNH-methemogbobin re-

dluctase deficiency, an abnormality that has

not as yet been described. Characterized by

the absence of methemogbobinemia (<2 per

cent). this deficiency was found in a Negro

male without clinical or laboratory evidence

of hematobogic disease. Red cell glucose-6-

phosphate dehydrogenase (G-6-PD) achy-

ity and glutathione stability were both nor-

mal. Spectroscopic and electrophoretic stud-

ies of the patient’s hemoglobin gave no evi-

clence of any abnormality. Methylene blue-

stimulated reduction of methemoglobin was

markedly defective in the patient’s cells

and in the range commonly seen in G-6-PD

deficiency. Similar studies in two siblings

showed intermediate rates of methemoglo-

bin reduction in the presence of methylene

blue. In the absence of dye, methemoglobin

reduction was within normal limits in all

cases.

The defect was delineated as a deficiency

of TPNH-methemogbobin reductase by di-

rect enzyme assays on red cell hemolysates

in the presence of exogenous TPNH and

methylene blue. The activity of this enzyme

ill the patient’s hemolysate averaged 620

units per gram hemoglobin, approximately

15 per cent of the control range of Irom

3990-5240 units. Hemolysates from the

brother and sister gave values of 20’s 9 and

2636. approximately 50 per cent of r*’�mal.

These intermediate values suggest a genetic

basis for this deficiency. a conclusa�n that

mtist await more definitive family studies.
The implications of these findings in terms

of the normal mechanisms for methemoglo-

bin reduction will be discussed.

S 1-2

Chobine-methyl-3H was injected into rats

to label the plasma and RBC phosphatidyl-

choline (lecithin) and lysophosphatidsl-

choline (lvsolecithin).

The specific activity of lysolecithin in

plasma and in RBC was equivalent at all

times, indicating rapid and complete ex-

change. The specific activity curves of leci-

thin indicated that plasma lecithin was the

precursor of RBC lecithin. All the RBC

lecithin and lysolecithin was exchangeable

with the plasma.

Labeled serum was fractionated on Sepha-

clex G-200. Two lipoprotein fractions, one

containing bysolecithin and the other con-

taming lecithin. each 97 per cent free of the

other. were obtained. These fractions per-

initted study of the exchange between RBC

and each lipid separately in vitro. The RBC-

plasma exchange of lecithin occurred inde-

pendent of metabolic energy at a rate of

3’/2 per cent of RBC lecithin per 3 hours.

The RBC-plasma exchange of lysolecithin

also occurred independent of metabolic en-

ergy, but was practically instantaneous. Thir-

ty per cent of the RBC lysolecithin was

converted to RBC lecithin (3% per cent)

in 3 hours, tentatively ascribed to the en-

zymatic pathway requiring plasma fatty

acid. ATP, and CoA.

A mechanism operates by which plasma

lipoproteins exchange their phospholipids
with phospholipids in RBC by processes not

requiring metabolic energy’. Within the

RBC. lysolecithin is converted to lecithin by

incorporation of plasma fatty acid in a

process requiring energy. The consequences

are maintenance of only low concentrations

of lysolecithin in the red cell, complete turn-

over of RBC lysolecithin many times per

hour, turnover of more than half of the RBC

lecithin in 24 hours. and rapid changes in
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DEFECTIVE PROPIONATE OXIDATION IN HUMAN VITAMIN B10 DEFICIENCY

Mathews B. Fish, Myron Pollycove, Ralph 0. Wallerstein, Clinical Laboratories, San

Francisco General Hospital, Division of Clinical Pathology and Laboratory Medicine,

Dept. of Medicine, University of California, School of Medicine, San Francisco; Donner

Laboratory, University of California, Berkeley, Calif.

S 1-4
TilE EFFECT OF METHIONINE ox THE URINARY EXCRETION OF

AMINOIMIDAZOLECARBOXAMIDE IN MEGALOBLASTIC ANEMIA

Louis W. Sullivan, 1. K. Liu, and Patrick L. McGeer, Department of Medicine, New Jersey

College of Medicine. Jersey City. N. 1.;Laboratory of Neurological Research, University of

British Columbia, Vancouver, Canada; and the Department of Medicine,

University Hospital. Boston University Medical Center, Boston, Mass.
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RBC fatty acids in response to changes in

plasma fatty acid composition. These obser-

vations may help to explain the hemolytic

Liver

lipoprotein
synthesis

Plasma

I

anemia observed in liver disease and in dis-

orders of plasma lipoproteins.

RBC

S 1-3

fatty acid � � #{149}�> :i:�

Vitamin B12 (B12) is a coenzyme for

isomerization of methylmalonyl-CoA to suc-

cinyl-CoA. Increased excretion of urinary

methylmalonic acid is present in human

B12 deficiency. Since propionic acid is a

direct precursor of methyl-malonyl-CoA,

oxidation of this fatty acid should be de-

pendent upon B12.

Ten patients with B12 deficient megalo-

blastic anemia received intravenous injec-

tions of sodium propionate-2-C14 (approxi-

mately 25 jic., 0.9 mg.) during continuous

monitoring of expired C1402 specific ac-

tivity (SA) with an ionization chamber,

CO2 analyzer, and ratiometer. These patients

exhibited an initial rise of C14O2 SA with

a mean half time of 2.3 minutes followed by

a slower rise with a mean half time of 22.6

minutes accounting for approximately half

of the total attained by the two rates. The

mean time of maximal SA (Tmax) was 79

minutes, after which SA slowly declined;

the mean 20 minutes cumulative breath C14

excretion was 1 .2 per cent of the injected

dose. In 12 control subjects (6 normals, 1

iron deficient patient, 3 treated patients with

PA. in remission, 2 folic acid deficient pa-

tients in relapse) breath C1402 SA rose with

only a single rapid component, mean half-

tinie of 2.6 minutes; mean Tmax was 26

minutes and 1.7 per cent of the dose was

expired in 20 minutes. The differences noted

between the non-B12 deficient subjects and

B19 deficient subjects permits the use of

this technic as a means of assessing B12 func-

tion in the intact human. The double ex-

ponential rise noted in the B12 deficient pa-

tients suggests the presence of non-B12 de-

pendent catabolic pathways of propionate

in man.

In previous studies an intermediate in

purine biosynthesis, 4-amino-5-imidazolecar-

boxamide (AIC), was found to be excreted

in abnormally large amounts in the urine of

patients with megaloblastic anemia. Because

a lower than normal amount of an exoge-

nous load of AIC was recovered in the urine

of these subjects, it appeared that the in-

creased endogenous AIC excretion was due

to an enlarged purine precursor pool in

inegaboblastic anemia.

The present study was undertaken to as-

certain the effect of methionine and other

one-carbon donors on the excretion of AIC
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STUDIES ON THE FUNCTION OF VITAMIN B12 �x THE METHYLATION OF TRANSFER-RNA

B. Connor Johnson, Witok.! S. Waleryclu, S. Venkataranian, Ming Lee, and Henry Huang,

Department of Biochemistry. University of Oklahoma School of Medicine, and Biochemistry

Section of the Oklahoma Medical Research Foundation, Norman, OkIa.

S 1-6
THE FoRSIATION OF CARBON MoNoxIDE AND BILIHUBIN FROM HEMIN IN CELL-FREE

I�REPARATIONS FROM RAT LIVER

Peter White, William I. Williams, Mary L. Rother, and Brenda C. Shafer, Department of

Medicine, School of Medicine, University of Pennsylvania, Philadelphia, Pa.
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in megaloblastic anemia.

Baseline 24-hour urine collections were

obtained from all subjects, following which

a single 20 Gm. of DL-methionine was

ingested.

Three patients with anemia due to folate

deficiency had an average baseline AIC ex-

cretion of 6.47 mg./24 hr., which increased

to an average peak of 21.70 mg./24 hr.

after methionine, (normal: 0.98 ± 58 mg./

24 hr.). One patient, who excreted 12.7 mg.

of AIC/24 hr. spontaneously. excreted 48

rug., 28.9 hug., and 34.3 mg./24 hr., when

given methionine, glycine. and serine, re-
spectively. One of two patients given his-

tidine had a small augmentation of AIC

excretion.

In none of four patients with pernicious

anemia did methionine. glycine, or serine

increase the excretion of AIC. One of two

PA patients had an increased AIC excretion

after histidine. The excretion of AIC was

not increased by methionine, gbycine, serine,

or histidine in normal subjects.

These observations suggest that the met-

abolic derangement in AIC metabolism in

folate deficiency may be different from the

abnormality in purine biosynthesis which oc-

curs in 2 deficiency. Alternatively, the

differences in AIC excretion observed in

folate-deficient and B12 deficient patients

may be related to differences in the amount

of folate available for AIC metabolism.

Studies of the excretion of AIC after a

methionine load may provide a useful pa-

ranieter in the evaluation of megaloblastic

anemia in man.

S 1-5

It has been found that methyl-vitamin B12

will serve as methylating agent for the en-

zymatic methylation of transfer-RNA. Some

purification in the enzyme required for this

methvlation has been obtained. It has been

found that t-RNA from the livers of vitamin

B12 deficient rats is undennethylated as corn-

1)ared to normal rat liver to t-RNA and will

accept two to three times the amount

methylation from � as compared

Recent evidence from several laboratories

indicates that turnover of heme compounds

in the liver may give rise to a major por-

tion of the “early labeled peak” of sterco-

bilin which occurs following administration

of labeled glycine or #{244}-aminolevulinic acid.

We have previously demonstrated the con-
version of glycine-2-C14 to bilirubin-C’4

and carbon monoxide-C14 (C140) by rat

liver homogenate preparations in vitro. In

td) the t-RNA isolated from livers of normal

rats, or compared to E. coli t-RNA. It has

been found that this undlermethylated t-RNA

obtained from vitamin B12 deficient rats is

deficient in its ability to transfer certain

amino acids to the ribosome in protein syn-

thesis. These findings appear to indicate
that vitamin B12 is thus indirectly involved

in the pathway of protein synthesis.

extensions of these experiments. hemin-C14

was isolated from such rat liver incubates.

suggesting that heme functions as an inter-

mediate in the metabolism of glycine-2-C14

to CO and bilirubin. Accordingly, hemin-C14

was incubated with rat liver preparations in

order to determine whether it could be con-

verted to CO and bilirubin. The hemin-C14
used as substrate was prepared from the

hemoglobin of reticulocytes incubated with
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URINARY “DIPYRII0LEs”; THEIR OCCURRENCE AND SIGNIFICANCE IN TIIALASSEMIA

AND OTHER DISORDERS

Mart!Ia Kreirner-Birubaunu, P. H. Pinkerton, R. M. Bannerman, and H. E. Hutchison,

Departnient of Medicine. State University of New York at Buffalo, Buffalo, N. Y., and
University Department of Haematobogy, Glasgow, Scotland

The mechanism of heparin’s protection

was related solely to its anticomplementary

action. When hepanin was applied to RBC
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glycine-2-C14. These experiments have

shown that rat liver mitochondria suspended

in cell sap generate bibirubin-C’4 and C140

in parallel from hemin-C’4. Bibirubin was

isolated and purified using unlabeled carrier

for crystallization, and CO was trapped by

oxidation to CO., with Hopcalite. Both mi-

tochondria and cell sap are required in this

system, and the reaction is oxvgen-clepen-

dent. Hemin is superior to pyridine-hemi-

chromogen as sul)strate. CO itself is inhibi-

tory when added at high partial pressures.

Degradation of I)il�rul)in in the reaction mix-

tures precludes its study in bong-term in-

cubations, although loss of CO is negligible.

The reaction is inhibited by ascorbate, while

catabase has no effect. suggesting this is not

a hydrogen-peroxide dependent reaction.

S 1-7

Brown pigments in the urine have been

reported in a number of hematobogic dis-

orders, particularly congenital Heinz body

anemia, and have been characterized as

“dipyrroles.” We have recently observed

similar pigments in the urine in thalassemia

and this has also been noted by Fessas and
Psonladakis (personal communication,

1966). Direct comparison of the pigments

in fi-thalassemia and in cases of congenital

Heinz body anemia due to hemoglobin

K#{246}ln,suggests that they are the same in

both disorders.

The pigments have been isolated from

calcium carbonate columns and esterified.

Elemental analysis and chromatographic and

solubibity tests have been carried out and

results are in agreement with those pre-

viously reported for “dipyrroles” in the

literature.

In metabolic studies with Cl4-gl�cine in

a case of �-thalassenlia intermedia, the un-

nary “dipyrrole” showed maximum labeling

within 24 hours, preceding the early labeling

peak of fecal bile pigment. This very early

maximal labeling corresponded to the pat-

tern for urinary coproporphyrin in this sub-

ject, but the coproporphvrin showed very

much higher specific activity. These findings

suggest that if the dipyrrole fraction was a

by-product of erythropoiesis, it did not arise

early (i.e., pretetrapyrrole) as an interme-

diate in the herne synthesis pathway. It

may instead be a catabolic product of heme

or hemoglobin, perhaps to be regarded as a

feature of ineffective erythropoiesis. How-

ever, its precise source remains undefined

and these suggestions will be discussed in

the light of further evidence from similar

metabolic studies in unstable-hemoglobin

(K#{246}ln)disease.

S 1-8

HEPARINIZATION FOR PROTECTION IN Vivo OF ANTIBODY SENSITIZED RED CELLS

Richard E. Rosenfield, Branko Vitale, and Shaul Kochwa, Department of Hematology.

The Mount Sinai Hospital, New York, N. Y.

When Cr51-labeled rat RBC were sensi-

tized with IgG rabbit hemolysins and then

transfused to isobogous rats, rapid clearance

from the circulation was prevented by hep-

arinization of recipient animals. The amount

of antibody used in all experiments de-

stroyed 50-60 per cent of injected cells in

24 hours, with 80 per cent of the loss occur-

ring in the first 10 minutes when animals and antibody, but was removed prior to in-

were untreated. For 30 minutes after its

administration heparin prevented the im-

mediate loss of antibody sensitized red cells;

protection diminished thereafter and was ten-

demonstrable after 4 hours.
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fusion of these cells, it had no effect upon survival were subject to the decay of corn-

shortened cell survival. In contrast, when plement components but were unaffected by

antibody was applied to cells in the pres- heparinization of the recipient.

ence of complement, the kinetics of cell

S 1-9

PAROXYSMAL NOCTURNAL HEMOGLOBINURIA IN TWINS: STUDIES OF THE “NORMAL

TwIN’s” ERYTHROCYTES

Arthur Hard and Eugene H. Taylor, Department of Medicine, University of Arkansas

Medical Center, Little Rock, Ark.

Erythrocytes from the nonanemic twin

were found to have a short survival when

transfused into his identical twin afflicted

with paroxysmal nocturnal hernoglobinuria
(PNH). The studies reported here were

undertaken to seek evidence bearing on the

possibility of a latent, inherited intraerythro-

cytic lesion in PNH and to evaluate the use
of the identical twin as a donor for blood

transfusion or bone marrow transplantation.

Monozygosity of these twins was proved

by their appearance, the concordance of the
20 blood-grouping antigens studied, and

their mutual acceptance of exchange full-

thickness skin grafts.

The afflicted twin had chronic hemolytic

anemia with perpetual hemosiderinuria, he-

moglobinelnia, hemoglobinuria, a positive

Ham test, and marked hernolysis of his

erythrocytes in isotonic sucrose solution of

low ionic strength. The other twin had a

normal hernatocrit and there was no evi-

dence of hemolytic disease; furthermore,

the Ham test and sucrose test were negative.

In addition, in the non-anemic twin, auto-

transfusion of Cr51-babeled red cells resulted

in a normal survival curve. This evidence

would support the view that PNH is the

result of only an acquired intraerythrocytic

lesion.

However, Cr51-tagged red cells from the

nonanemic twin had a short survival time
when transfused into the twin with PNH.

This was confirmed by a second such exper-

iment. The direct and indirect Coombs’ tests

were negative. The genetic identity of the

twins would exclude isoantibody-induced

heniobysis, in its usual sense.

An identical twin proved to be unsuitable

as a red cell donor for his twin brother with

PNH. One may infer the presence of an
extracorpuscular hernolytic factor in this case

of PNH. The possibility is raised that a fac-

tor predisposing to hemolysis may exist in

the ervthrocytes of the seemingly healthy

twin.

S 1-10

EFFECTS OF REDUCED GLUTATHIONE (GSH) ON NORMAL RBC’S: CLUES TO THE

CORPUSCULAR DEFECT IN PAROXYSMAL NOCTURNAL HEMOCLOBINIJRIA (PNH)

Charles E. t’tfengel, W. Delano Meriwether, Larry Ebbert, and Herbert E. Kann, Jr.,

Columbus, Ohio

In recent studies of the corpuscular defect
responsible for susceptibility of PNH RBC’s

to lysis, we showed that normal RBC’s in-

cubated with reduced glutathione (GSH)

were indistinguishable from PNH RBC’s,

exhibiting 50-80 per cent lysis in acid-

serum (with optimum pH identical to that

of known PNH cells) and positive thrombin

and sucrose lysis tests. Since we had pre-

viously shown that PNH RBC’s lyse ex-

cessiveby in H202 and their lipid is un-
usually prone to peroxidation, these features

were also studied in GSH-treated (PNH-

like) cells, and results compared with studies

of 14 PNH patients.

Normal RBC’s incubated with 100 rng./

ml. of GSH for 90 minutes at 37 C. showed

increased lytic sensitivity to H202 (54 per

cent hemolysis), comparable to “natural”

PNH cells (40-90 per cent) and greater
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In cross-transfusion experiments, the Cr5’

than controls (16 per cent). Lipid extracted
from GSH-treated cells also formed increased

quantities of lipid peroxides during ex-
posure to U.V. lite (112-162 m�tM/10-2
�sg. lipid P.), similar to lipid of “natural”

PNH cells (123-128 mjsM/10-2 isg. lipid

P.) but greater than lipid from normal

cells (58-67 rn�sM/10-2 �tg. lipid P.)

It was also observed that during GSH

incubation there was a decrease of intra-
cellular GSH (from 46 rng. per cent to 15

rng. per cent) and accumulation of methemo-
globin (18-32 per cent), while no changes

occurred in saline-control cells. The forma-

tion of a catalase-H202 complex (deter-
mined by decreasing catalase activity after

irreversible binding of this complex with
aminotriazole) established the fact that ex-
cess H202 was formed during the GSH

incubation.

These data indicate that the effect of
GSH in producing PNH-like cells is oxida-

tive, ultimately involving the RBC lipid.
They lend support to our hypothesis that

the underlying corpuscular defect of PNH,

which renders the cells susceptible to lysis,

is related to peroxidation of red cell lipid.

S I-li
IIEMOLYTIC Dlsousnmi IN MAGNESIUM-DEFICIENT RATS

Marion E. Erlandson and Jacqueline Wehman, The New York Hospital-Cornell University

Medical Center, New York, N. Y.

Magnesium is present in erythrocytes in

concentrations higher than those in plasma

and is a necessary co-factor in several

enzymic reactions. Effects of magnesium
deprivation on erythrocytes have therefore

been investigated.
Sprague-Dawley rats, 140-210 grams,

were paired and fed either diet deficient
in magnesium or deficient diet supplemented

with magnesium. Hematobogic observations

were initiated 30-33 days later. At that

time the mean value for hemoglobin
concentration in 23 animals receiving Mg+ +

deficient diet was 12.61 ± 1.36 and in 23

isocaloric control animals was 14.78 ± 0.96.
The difference is not statistically significant

(p < 0.001 ). Percentage of reticulocytes in

deficient animals was 17.17 ± 8.18 and in

controls 3.54 ± 1.41 (p < 0.001 ). Cr5’ T%

of erythrocytes in 8 test animals was 8.13 ±

1.21 days compared with a value in 12

controls of 14.25 ± 2.78 (p < 0.001).

on termination of these studies aliquots
of bile were collected. Concentration of
bilirubin in bile in 10 deficient animals

was 35.0 ± 10.5 mg./100 ml. and in 14

controls was 9.1 ± 5.1 (p < 0.001).

Weights of spleens, expressed as per cent

of body weight, were 0.387 ± 0.077 in 12

deficient animals and 0.172 ± 0.047 in 16

controls (p < 0.001).

T #{189}of erythrocytes from control animals

transfused into 1 1 deficient animals was

4.0-9.0 days or donor cell survivals were

shortened and similar to those when cells
from deficient animals were autotransfused.

However, when erythrocytes from deficient

animals were transfused into controls they
survived for normal periods of time in 7 of

8 animals.

Tests for osmotic fragility revealed in-

creased resistance of erythrocytes from

magnesium deficient animals. Values for

mean corpuscular fragility were 0.37-0.43

in 4 specimens of test cells versus 0.45-

0.49 in 6 controls. Autohemolysis measured

at 24 hours in 5 pairs and at 18 hours in

4 pairs was increased in specimens from

deficient animals and could be corrected by
additions of AlT but not by MgCl2.

Six magnesium-deficient animals were

continued on constant intake of deficient

food but received parenteral injections of
MgCl2 (0.50 mEq. Mg+ +/Kg./day).

Hemoglobins which had been 12.92 ± 1.34
at initiation of therapy were 14.75± 1.54

eleven days later (p < 0.05). Reticulocytes

which had been 20.72 ± 5.42 were then
4.47 ± 1.54 per cent (p < 0.001).

Magnesium deprivation in rats appears

to produce a hemolytic disorder. The
mechanism responsible has not as yet been
clarified,
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INSOLUBLE HEMOGLOBIN INCLUSION BODIES IN �l THALASSEMIC ERYTHROCYTES

R. I. Weed, L. M. Slater, and W. A. Muir, University of Rochester School of Medicine and

Dentistry, Rochester, N. Y.

S 11-1
THE PRELEUKEMIC PHASE OF RAUSCHER VIRUS LEUKEMiA

Isadore Brodsky, Shirley D. Braverman, and S. Benham Kahn, Hahnemann Medical College

and Hospital, Philadelphia, Pa.

The leukemia caused by Rauscher virus in
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J osephson et ab. and Fessas have described

intracellular inclusion bodies in erythrocytes

from patients with �3 thalasseniia major.

The present study was undertaken to char-

acterize further these inclusions with regard

to their solubility properties, relationship

of their occurrence to splenectomy, and the

possible contribution of such inclusions to

the marked red cell fragmentation which
is a feature of this disorder. Erythrocyte

ghosts were prepared by a four-step technic

of successive osmotic bysis which yields

white ghosts from normal erythrocytes

having a residual hemoglobin content of

13.0 ± 0.9 (SE., n 10) X 1015 Gm. of

hemoglobin/cell. By contrast, ghosts from

thalassemia major erythrocytes prepared in

an identical fashion retained a pink color

and an average of 46.8 ± 11.0 (S.E., n

10) x 10-1� Gm. of hemoglobin/cell. Simi-

bar preparations of ghosts from patients with

thalassemia minor or hereditary spherocyto-

sis did not have significant increases in resid-

ual hemoglobin. Ghosts from five splenecto-

mized thalassemic patients had a residual he-

mogbobin content of 69.2 ± 18.9 (SE.) x

10- i:i GIn. of hemoglobin/cell compared to

a value of 24.5 ± 7.2 (SE.) for five

samples prepared from blood of nonsplenec-

BALB/c mice is characterized by erythroid

and reticulum cell hyperplasia in the mar-

row, spleen, and liver and by monocytosis,

lymphocytosis, and erythroblastosis in the

peripheral blood. Some investigators con-

sider Rauscher leukemia to be analogous to

human erythroleukemia (DiGuglielmo’s dis-

#{128}xise).Although the virus can be demon-

strated in the megakaryocytes, thrombocyto-

penia has not been described. In this study

the following studies were performed in

tomized thalassemic patients. Phase micro-

scopic examination of thalassemic ghosts

from patients who had not been transfused

for 6 months showed the retained hemo-

gbobin to be present as dense precipitates,

in far greater abundance in the postsplenec-

tomy ghosts than in ghosts prepared prior

to splenectomy.

These observations suggest that insoluble

and rigid hemoglobin precipitates (which

ma� be precipitated a chains, as suggested

by Fessas) may contribute to the hemolytic

picture by predisposing cells which contain

such inclusions of fragmentation upon pas-

sage through the spleen, in a manner anabo-

gotis to that previously described for the

removal of Heinz bodies from red cells.

Thus in the nonsplenectonuized individual,

fragmentation may remove the insoluble

hemoglobin precipitates while making the

morphologic picture of fragmentation more

marked and contributing to the shortened

lifespan. In the postsplenectomy individual,

although fragmentation continues elsewhere,

the major contribution of the spleen is

eliminated and many of the intracellular in-

clusions lersist. Retention of the inclusions

l)y osmotically prepared ghosts is indicative

of their marked insolubility.

splenectomized and nonsplenectomized

BALB/c mice 2 weeks after infection with

serial tenfold dilutions of Rauscher virus:

(1) platelet counts, (2) spleen weight, (3)

white blood cell count and differential,

(4) hemoglobin and hematocrit, (5) fer-

rokinetics, and (6) red blood cell survival.

In nonsplenectomized mice, thrombocyto-

penia. splenomegal�, anemia, l�mphocytosis

and monocytosis were demonstrated. A dose

response curve showing a linear relationship

was noted between dilution of virus and
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Robert Silber, Helmuth Borberg, Peter A. Miescher, Rochelle Hirschhorn, and Bertram

Gesner, Department of Medicine, New York University School of Medicine, New York, N. Y.
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degree of thrombocytopenic, splenomegaly,

monocytosis and lymphocytosis. There was

no linear relationship between viral dose and
anemia. The anemia was associated with

shortened Fe59 T ‘/2 and a normal to in-

creased reappearance of Fe59 in the RBC.

Noncohort Cr51 and cohort Fe59 RBC sur-

vival studies revealed approximately a 50

per cent reduction in RBC survival.

In splenectomized mice the resultant

thrombocytopenia and anemia were more

severe but there was no lymphocytosis or

monocytosis 2 weeks after infection.

The above studies indicate that Rauscher
virus has a direct effect on erythropoiesis

and thrornbopoiesis. There is no evidence

for hypersplenism since both the anemia and

thrombocytopenia are potentiated in sple-

nectomized mice. Since the normal mouse

spleen is analogous to bone marrow, the
nonsplenectomized mice may in part be able

Phytohemagglutinin (PHA) agglutinates

leukocytes and erythrocytes and stimulates

lymphocytes in vitro to differentiate into

large cells, capable of undergoing mitosis.

The mechanism by which PHA attaches to

the cebb is unknown. The present studies

were performed to determine whether cer-

tam sugars which occur as constituents of

cell surfaces may play a role in the interac-

tion between PHA and mammalian cells.

Rat thoracic duct lymphocytes, rat thymus

cells, rat erythrocytes, and human tonsil cells

were suspended in Eagle’s minimal essential

medium. The cell suspensions were incu-

bated with serial dilutions of PHA and the

degree of agglutination examined micro-

scopically. The effect of the addition of

several simple sugars on the agglutination

by PHA was then investigated. N acetyl D-

galactosamine (NAGAL) at a concentration

of 10 to 50 mg./ml. selectively inhibited the

agglutination reaction in all the cells tested

over a range of 2 to 4 serial dilutions of
PHA, while mannose, glucose, galactose,

mannitol, and the closely related amino

to compensate for the viral-induced throm-
bocytopenia and anemia. Another possible

explanation is that the intact spleen can
temporarily protect the bone marrow from
the full effects of the virus infection. The
dose response relationships between virus

dose and spleen weight, thrombocytopenia,
monocytosis, or lymphocytosis can be used
to determine the virus titer. Ferrokinetics
do not support the concept of erythroleu-

kemia. Four to six weeks after infection im-

mature lymphocytosis, ervthroblastosis, and

reversal of the thrombocytopenia develop.
The early anemia and thrombocytopenia are
benign manifestations of Rauscher virus in-

fection while the subsequent immature lym-

phocytosis and monocytosis can be consid-

ered the malignant phase of the disease.
These studies emphasize the significance of

the preleukemic phase of Rauscher virus

infection.

S 11-2

sugar N acetyl D-glucosamine had no effect.

Cells freshly agglutinated by PHA could be

disassociated by NAGAL. Cells which had
been incubated with NAGAL and washed
three times could again be agglutinated by

PHA. Dialysis of mixtures of NAGAL and

PHA restored the agglutinating properties

of PHA. The stimulation of RNA and DNA

synthesis by PHA, as measured by the in-

corporation of uridine-2-C’4 and thymidine-

2-C’4 was inhibited by 30 to 50 per cent

when NAGAL was added to cultures of

tonsil cells in a concentration of 5 mg/mi.
This concentration did not reduce the per-

centage of viable cells.

NAGAL therefore inhibits the leukoag-

glutinating, erythrocyte agglutinating, and

mitogenic properties of PHA. One possible

explanation for this inhibition is that PHA

acts on an externally accessible site of the

cell containing NAGAL and that this sugar

added to the incubation mixtures functions

in a manner akin to a hapten in preventing

the attachment of PHA to the cell.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/6/974/573424/974.pdf by guest on 19 M

ay 2023



S 11-3

DIFFERENCES IN NUCLEIC Acm METABOLISM OF PHA-STIMULATED LYMPHOCYTES

FROM PATIENTS WITH INFECTIOUS MONONUCLEOSIS AND

CHRONIC LYMPHOCYTIC LEUKEMIA

Arnold D. Rubin, Klaus Havemann, Shaul Kochwa, and William Dameshek, Department

of Hematology. The Mount Sinai Hospital, New York, N. Y.

S 11-4

METABOLIC DEVIATIONS IN LYMPHOPROLIFERATIVE DISORDERS

N. Dimitrot, and R. L. St/ernholrn (Introduced by Thomas Hake Ham), Department of

Biochemistry, School of Medicine, Western Reserve University, Cleveland, Ohio
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Infectious mononucleosis ( IM ) and

chronic bymphocytic leukemia (CLL) rep-

resent two types of proliferative disorders

involving cells of the immunocyte complex.

When stimulated by phytohemagglutinin

( PHA ) in vitro, peripheral lymphocytes

isolated from patients with IM and CLL

exhibit different growth patterns which are

accompanied by specific alterations in

nucleic acid metabolism.

Contrary to what has been observed in

normal and CLL lymphocytes, cultures of

IM lymphocytes reveal within the first hour
of incubation very active 455 nonribosomal

RNA synthesis (10 x normal) which is

independent of stimulation by PHA. After

this initial active phase, RNA synthesis de-

creases and the IM cells lose their mor-
phobogicalby atypical features. After 48

hours IM lymphocyte cultures behave like

cultures of normal lymphocytes, showing

a typical increase in 6-305 RNA synthesis

when incubated with PHA. This is soon

Normal and leukemic lymphocytes were
incubated in serum containing 14C-labeled

propionate, and the overall metabolism was

followed by determination of radioactivity

in the respiratory C02, lipids, proteins,

amino acids, and lactate. Normal metabolic

patterns were established for pure popula-

tions of lymphocytes isolated by the glass

bead column technic from peripheral blood.

The metabolism of lymphocytes from pa-

tients with acute lymphatic, chronic lym-

phatic leukemia and lymphosarcoma was

compared with that of normal lymphocytes.

Lymphocytes from patients with lympho-

sarcoma showed a fourfold increase in con-

version of propionate-14C into metabolic

followed by cell enlargement and division.
In cultures of CLL lymphocytes treated

with PHA, after a 1-hour initial stimulation

of 6-305 RNA synthesis, no further in-

crease in either RNA or DNA production

can be detected during a 72-hour period.

In cultures of normal lymphocytes exposed

to PHA, maximal stimulation of nucleic

acid synthesis occurs between 48 to 72 hours

of incubation. However, after 5 to 7 days

incubation with PHA, some cultures of CLL

lymphocytes show a delayed increase in

the rates of RNA and DNA synthesis ac-
companied by the first morphologic evi-

dence of cell growth.

The influence of PHA on lymphocyte

nucleic acid metabolism brings to light

processes regulating cell proliferation and

differentiation. Alterations in these processes,

such as those indicated by our data, may

be fundamental to the development of

abnormal cells characteristic of particular

imnlunoproliferative disorders.

products as compared to normal lympho-

cytes. The propionate metabolism of chron-
ic lymphatic lymphocytes was increased to

50 per cent above the level of normal lym-

phocytes, while that of acute lymphatic

lymphocytes was decreased to almost half,
when compared to normal cells. Further

investigations, using carbon-by-carbon deg-

radations of various inetabolites, indicated

that lymphocytes possessed two pathways

for propionate utilization. The first pathway
metabolized propionate through the Krebs
cycle via CO2 fixation to methylmalonyl

CoA and isolnerization to succinyl CoA.
The second pathway was a direct route

from propionate to lactate, probably in-
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volving acrylyl CoA. Normal lymphocytes

and lymphocytes from patients with un-
treated chronic lymphatic leukemia metab-
obized propionate via both pathways. Lym-

phocytes from patients with lymphosarcoma

or treated chronic lymphatic leukemia uti-

lized propionate almost exclusively via the

Krebs cycle pathway, while lymphocytes

from patients with acute lymphatic leuke-

mia metabolized propionate mainly via the
direct route. These results show that lym-
phocytes obtained from patients with lym-

phoproliferative disorders possess metabolic
patterns which are quantitatively and quali-

tatively different from normal lymphocytes.

but distinct for each particular disease.

S 11-5
THE ENZYMATIC MECHANISMS OF DEOXYTHYMIDINE S�i�msmis IN NORMAL AND

LEUKEMIC LEUKOCYTES

Robert C. Gab, T. R. Breitman, and Seymour Perry, National Institutes of Health,

Bethesda, Md.

Thymine (T) incorporation into DNA

of the intact white blood cell (WBC) is

insignificant under ordinary conditions. Re-

cent studies with WBC obtained from pa-

tients with chronic myelogenous leukemia

(CML), however, have demonstrated that

T incorporation into DNA is markedly in-

creased in the presence of a deoxyribose

(dR) source (Breitman, et ab. : Cancer Res.,
in press). Thus, these cells have the en-

zymatic capability of synthesizing deoxy-

thymidine (TdR), which is then rapidly

incorporated into DNA. Accordingly, it was

of interest to study the enzymatic mecha-

nisms controlling TdR synthesis from T

and an exogenous dR source using WBC

homogenates.

TdR synthesis from pyrimidine nucleo-

sides (deoxyuridine, UdR) and free base is

catalyzed by either

( 1 ) deoxyribosyl transferase, T + Udr ‘‘

TdR + U
or (2) coupled pyrimidine nucleoside phos-

phorylase, UdR + Pi � dR-1-P04

+UT+dR-1-P04 ‘-�TdR+Pi

The inorganic phosphate content of nor-

mal and CML WBC was sufficient to sup-
port phosphorolysis of TdR (TdR + Pi

T + dR-1-P04) in the absence of added
phosphate or arsenate. The removal of phos-
phate by dialysis decreased TdR synthesis

from T + UdR 75 per cent to 100 per cent,
and the addition of phosphate (2-3 X 10-3
M) restored activity. Phosphate or arsenate

(10-3M) activated the transferase reaction
but inhibited TdR synthesis horn T + dR-i-

P04.

The synthesis of TdR from T + UdR or

T + dR-1-P04 was approximately twice as

great with homogenates from normal leuko-

cytes (70 per cent neutrophils) than with

CML cells on a per cell basis. Normal bym-
phocytes and lymphocytes from patients

with chronic lymphocytic leukemia had on-
by 10-30 per cent of the activity of normal

neutrophils.

The rate of dR-1-P04 formation from de-
oxyadenosine (AdR) by a purine deoxynu-

cleoside phosphorylase was 10- to 30-fold

greater than the rate of dR-i-P04 produc-
tion from TdR or UdR. However, in the
cell-free system AdR did not support TdR
synthesis from T. Therefore, the ability of
UdR to support the conversion of T to TdR

both in homogenates and in intact cells ap-

pears to be mediated through a deoxyri-

bosyl transfer reaction and not through pro-

duction of free dR-1-P04 (coupled nucleo-
side phosphorylase). On the other hand,

AdR apparently enhances TdR synthesis

from T by a coupled nucleoside phosphory-

base activity. The inability to observe this

reaction in the cell-free system may be a

result of a rapid degradation of dR-i-P04
by phosphatases in WBC homogenates while
in the intact cell phosphatase activity is
compartmentalized and would not degrade

dR-1-P04 as rapidly.
The differences in pyrimidine and purine

deoxynucleoside phosphorylase activities be-
tween normal and leukemic WBC will be

presented and the implications of these dif-
ferences will be discussed.
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S 11-6

DEVELOPMENTAL POTENTIAL OF BONE MAmtows FROM PATIENTS WITH NEUTROPENIA

Peter Lau, Jerome I. Brody, and Lawrence H. Beizer, Department of Medicine, Graduate

Hospital and the University of Pennsylvania School of Medicine, Philadelphia, Pa.

S 11-7
MURAMIDASE (LYSOZYME) ACTIVITY IN LEUKEMIA

Pasquale E. Perillie, Sandra S. Kaplan, Estelle Lefkowitz, and Stuart C. Finch, Yale

University School of Medicine, New Haven, Conn.

The purpose of this study was to deter-

mine whether a change from an in vivo to

an in vitro environment could favorably in-

fluence the development of bone marrows

obtained from patients with peripheral neti-

tropenia. Their bone marrows were charac-

terized by a relative paucity of mature

neutrophils and band forms in the presence

of adequate numbers of other granulocytic

precursors. Marrow granulocytic elements

were separated by differential centrifugation

and grown in duplicate suspension cultures.
The media consisted of TC-199 with autol-

ogous or homologous normal plasma. As a

reverse control, normal bone marrow was

also cultured with autologous and neutro-
penic plasma in a similar manner. While

keeping the cultures intact, smears of the

cellular sediment were stained at 24 hour

intervals up to 96 hours and scanned as for

conventional bone marrow interpretation

employing representative fields. Cells Se-

quentially preceding and including the met-

amyebocyte were considered immature and a

mature/immature ratio computed as an in-

dicator of progressive cell development. In

There is good evidence that serum mur-

amidase is derived principally from the deg-
radation of mature granulocytes and mono-
cytes. It therefore was considered important

to relate serum and urine muramidase to

the various types and stages of leukemia.

Eighty-five adult and childhood patients

with acute leukemia and 37 adult patients
with chronic leukemia were studied. Thirty

control subjects were without hematologic

abnormalities.

Muramidase activity was determined by a

turbidimetric method using the Micrococcus
lysodeikticus as substrate and egg white ly-

sozyme as the standard. Activity was ex-

pressed as jsg./ml. for plasma and urine, and

isg./108 cells for leukocytes. Muramidase ac-
tivity of leukocytes was determined on

contrast to the cellular distribution of neti-

tropenic bone marrow immediately after in

situ withdrawal, all patient marrows grown

in autologous or homologous normal plasma

underwent normal maturation as shown by

the unmistakable appearance of mature neu-
trophibs. In addition, the mature/immature

ratios of the normal bone marrows cultured

in leukopenic plasma were distinctly differ-

ent from, and higher than, those of the pre-

vious group, suggesting an apparent stimu-

bating effect of patient plasma. These obser-

vations give evidence that neutropenic bone

marrow, once removed from the body, is

capable of normal sequential growth ai�d is

not inherently defective. The ability of
neutropenic plasmas to accelerate matura-

tion of normal bone marrow implies they

contain a component which influences the

kinetics of the complex granulocytic matu-

ration cycle. The paired observations infer

that beukopenia in these patients is the

result of inappropriate removal of circulat-

ing neutrophils which distorts a normal
feedback mechanism regulating leukopoiesis.

peripheral blood smears by a modification
of the histochemical method of Speece. The

control range of serum muramidase was 7

to 14 �sg./ml. No significant muramidase ac-

tivity was detected in the urine of control

subjects. The majority of acute monocytic

leukemia patients showed markedly elevat-

ed serum muramidase levels, with many

being 10 to 20 times the control values.

In contrast, acute lymphocytic leukemia

patients consistently had subnormal levels.
Moderately elevated bevels usually were

found in acute granubocytic, acute myelo-
monocytic, and chronic granulocytic leu-

kemia. The results in general related well
to the absolute number of circulating mature
granulocytes and monocytes. However, in

acute monocytic leukemia the muramidase
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Walter J. K. Tannenberg, Section of Clinical Immunology, New England Medical Center

hospitals. and the Department of Medicine, Tufts University School

of Medicine, Boston, Mass.
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levels were disproportionately high. Histo-

chemical and quantitative cell muramidase
studies suggest that increased serum levels

in acute monocytic leukemia are related to

high muramidase content of mature and im-

mature monocytes. Significant muramidasuria

was diemonstrated in all acute monocytic

leukemia patients studies and in one patient

with chronic granulocytic leukemia. It is

concluded that muramidasuria and elevated
serum muramidase in acute monocytic leu-

kemia and chronic granulocytic leukemia

probably reflect the breakdown of large

numbers of leukocytes with high intracellular

muramidase content. These observations may

provide another useful parameter for differ-
entiating the acute leukemias.

S 11-8

The purpose of this report is to de-

scribe the proliferation rate of cells making

195 antibody in terms of the duration of

their generation cycle. These data were ob-

tamed to evaluate the relative importance

of growth and of differentiation during

the immune response. After primary immuni-
zation with sheep RBC, the number of cells

forming 19S antibody that are detectable in

the mouse spleen by the Jerne hemolytic

plaque technic rises rapidly to a peak in

about 4 days. At least three explanations

have been offered for this observation.

It has been thought that the rate of ap-

pearance of these cells is equal to their rate

of proliferation. Using this hypothesis Jerne

has calculated that the doubling time

of cells making 195 antibody is about 7

hours and has proposed that this rapid

growth is stimulated by antigen.

Previous data from this laboratory have

shown that the rate of DNA synthesis in

plaque-forming cells was the same as that

of l�mphoid cells not making antibody. It

was concluded that antigen did not pref-

erentially stimulate DNA synthesis in these

cells since they apparently proliferated at the
same rate whether or not they were pro-

ducing antibody. These data tended to sup-

port the hypothesis that antigen offers no

stilnulus to mitosis in this particular cell

type, but serves instead only to induce the
synthesis of antibody protein. A third pos-

sibility is that antigen influences both the

induction of protein synthesis and mitosis.

The work now reported deals with the

measurement of the generation time of cells

making 195 antibody in the mouse spleen.

This was done by the double radioactive

label method of Wimber and Quastler (Exp.

Cell Res. 30 8: 1963). This technic yields

the duration in hours of the generation time

of 195 cells as well as the duration of the
various phases of the mitotic cycle (G-1.

5, and G-2). These experiments gave a pre-

liminary estimate of the doubling time of

these cells of about 12 hours.

This rate of growth is evidently too slow

to account for the large and rapid yield of

195 cells observed after primary immuni-

zation, since the number of detectable cells

doubles every seven hours. It can be con-

eluded that the rate of appearance of these
cells does not represent their rate of growth.

It is proposed that, at least in cells respond-

ing to antigen by the production of hemolyt-

ic 195 antibody, the major effect of anti-

gen is not to stimulate mitosis, but instead

to induce antibody synthesis.

SUPPRESSION OF IsI�IuNoLocIC RESPONSES BY CYTOSINE ARABINOSIDE

S. Kaplan, J. Northup, R. C. DeConti, and P. Calabresi, Departments of Medicine and
Pharmacology, Yale University School of Medicine, New Haven, Conn.

Cytosine arabinoside (Ara-C), a new and leukemic agent in man. This study de-

unique antimetabolite of pyrimidine bio- scribes the effects of Ara-C on two delayed

synthesis, is being investigated as an anti- hypersensitivity reactions and the secondary

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/6/974/573424/974.pdf by guest on 19 M

ay 2023



A BENCE JONES CRYOGLOBULIN: CHEMICAL, PHYSICAL, AND IMMUNOLOGIC STUDIES

Julius Kritzman, H. Hugh Fudenberg, and Maurice Liss, Research Laboratories, New England

Medical Center Hospitals, Boston, Mass., and University of California Medical Center,

San Francisco, Calif.
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been studied in four male subjects in the
course of a leukocyte immunization program
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immune response to tetanus toxoid in ro-

dents. In the Lewis rat, experimental aller-
gic encephalomyelitis is produced by foot-
pad inoculation of guinea pig spinal cord

emulsified in complete Freund’s adjuvant.

The clinical manifestations of this autoim-

mune disease were effectively delayed or

prevented by Ara-C, 50-200 mg/Kg/day

x 10-20 days, with little evidence of hema-

topoietic suppression. Rabbits sensitized by

footpad inoculation with 2.5 per cent BGG

in Freund’s adjuvant were treated by Ara-C,

2.5 mg/Kg/day X 5 days and skin tested

with 50, 5 and 0.5 ‘y of BGG after 7-10

days. All control animals exhibited Arthus

and delayed hypersensitivity reactions, while
all drug-treated animals showed complete

absence of either reaction at all test sites.

Serum antibody titers were measured by a

hemagglutination technic 6 days after sec-

ondary stimulation by tetanus toxoid. Titer

rise was significantly suppressed by Ara-C

2.5 mg/Kg/day x 5 days and completely
abolished by 10 mg./Kg./day X 5 days.

A week following suppression of the secon-
diary response, the animals were rechal-
lenged and an enhanced antibody response

was noted. The ability of Ara-C to alter im-

munobogic responses in animals suggests

that this property should be studied in man.

S 11-10

Until recently, all cryoglobulins were
thought to be intact immunoglobulins,
mainly of the IgG or 1gM classes. Several

reports of Bence Jones proteins with cryo-

globulin properties indicate that the intact

immunoglobulins or their heavy chains are

not essential for cryoglobulin properties

(Kritzman, J., and Liss, M.: Abstr., Division

of Biol. Chem., Amer. Chem. Soc. 24, New

York, 1966; Varriale, P., Ginsberg, D. D.,

and Sass, M.D.: Ann. Intern. Med. 57:819,

1962; Alper, C. A.: Acta Med. Scand., 179,

Suppl. 445, 1966). In studying the protein

from a myeloma patient’s urine, a purified

protein fraction was isolated which was
found to have the characteristic gelling prop-

erties of a cryoglobulin as well as the typi-

cal solubiity properties of a Bence Jones

protein on heating. The urinary cryoglobulin

appeared homogeneous on ultracentrifugal

analysis and had a sedimentation coeffi-
cient of 3.55 consistent with that of Bence
Jones protein. In addition, it was identified

immunologically as being a type K (I)

light chain. On starch gel electrophoresis,

3 protein bands could be detected. Quanti-

tative amino acid analysis showed that not
only were they all devoid of methionine,

but also indicated that there was no signif-

icant difference in their content of other

amino acids. The Bence Jones protein readily

exhibited cryoglobulin properties at a 1 per

cent concentration at 4 C. The concentration
dependence of cryogbobulin formation sug-

gested that it was the result of a reversible

association. This was confirmed by ultra-

centrifugal analyses, which demonstrated the

formation of protein components of approxi-

mately 50-100 5 and higher under condi-

tions which lead to cryoglobulin formation.

The formation of aggregates through re-
versible association was also suggested by

the results of double diffusion analysis since
the precipitin band pattern was found to be

dependent on pH and antigen concentration.

These studies indicate that both the hetero-
geneity of this protein on starch gel electro-
phoresis and its cryoglobulin properties re-

suit from the reversible formation of high
molecular weight aggregates.

THE NATURAL COURSE OF ANTIBODY DEVELOPMENT FOLLOWING I�rn.&zuu.s�u.

LEIJKOCYTE INJECTIONS

Edward Shanbrom, Elaine Feingold, Lester Shepherd, and Roy L. Walford, Research
Division, Hyland Laboratories, Los Angeles, Calif.

The time and rate of development of
cytotoxlc antibody and leukoag�lutinins have
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AN ALLELE SILEr.�r FOR THE GM FACTORS ON THE y2b AND y2c Hr.�vy

CHAINS OF IMMUNE GLOBULIN C

Arthur G. Steinberg, W. Angus Muir, and Sarah A. Mclntire, Department of Biology,

Western Reserve University, Cleveland, Ohio

S III-!

NINTH ANNUAL MEETING 1003

designed to produce monospecific sera. The

four subjects received weekly intradermal

injections of leukocyte-rich preparations

from donors closely matched on the basis of
cytotoxic reaction with 12 multispecific anti-

sera being used in daily screenings. Serum

was taken prior to each immunization and
tested against donor cells by both leuko-
agglutination and cytotoxic assays. The cyto-

toxic antibody developed on the average by

the eighth week, and although the mean time

for development of leukoagglutinins was

the same, there was somewhat greater
variance (5 to 12 weeks). In all four

cases, strength of both types of anti-
bodies closely followed the same curve of

increase and decrease. Specificity, as deter-

mined by absorption studies, showed three

of the four sera to be monospecific at the
5 per cent level of significance. The fourth

serum contained two antibodies which recog-
nized antigens associated or “linked” 99 per

cent of the time. Frequency data on leuko-

agglutinin and cytotoxic activity of each of

the sera on a known panel of cells is
being accumulated. The selection of appro-
priate cells for restimulation studies has

been accomplished by typing with a battery
of 22 cytotoxic antisera, including 10 of

narrowed specificity. The results of restimu-

lation in two cases are presented. These on-

going studies indicate that operationally

monospecific antisera containing leukoagglu-

tinins and leukocytotoxic antibodies may be

prepared by immunization of recipients with

appropriately selected donor leukocytes.

S 11-12

During the course of a medicogenetic
study of a large, religious isolate we found

one individual, a healthy 24-year-old woman

(in Family 712.06) who is homozygous for

an allele which produces none of the

following Gm factors on the ‘y2b heavy chain

of IgG: Gm (1), Gm (2), Gm (3), Gm (4)

and Gm (17), and none of the following

factors on the ?2c heavy chain of IgG: Gm

(5), Gm (6), Gm (10), Gm (11), Gm (12),

Cm (13), Gm (14), Gm (21), Cm (s).
and 1sf (1).

This leaves only Cm (22) of the known

factors on the ?2b chain untested for. We

have been unable to obtain satisfactory tests
of control sera with the reagents we have. It

should be noted, however, that Gm (22)
has not been observed in the absence of

Gm (3), sometimes called Gm (4). Factors

on the y2c heavy chain which have not been

tested are Ro-2 and Ro-3. (We do not, at

the time of writing, have reagents to test

for these. Tests will have been done before

the meeting.) In the meantime it should

be noted that each of these factors has been
observed only in the presence of one or more

of those already determined; hence it is un-

likely that any of them will be found.

The serum has normal bevels of IgG, and

the presence of the y2b and ?2c heavy

chains and the kappa and lambda light

chains has been demonstrated by double

immtinodiffusion (Ouchterbonv technic).

The proband’s sibs and many of her mater-

nal and paternal relatives have been tested

and fotind to be heterozygous for the allele

for which she is homozygous.

The implications of this phenotype in re-

lation to hypotheses postulating two or more

boci controlling the Cm factors will be

discussed.

VARIATION IN QUANTITY OF RH0(D) CONTENT OF INDIvIDUAL RED CELLS IN

THE CIRCULATION

S. P. Masouredis, Cancer Research Institute and Division of Clinical Pathology and
Laboratory Medicine, University of California Medical Center, San Francisco, Calif.

It is generally assumed, because of the gens, that the antigen content of individu-
genetic control of the blood group anti- al circulating red cells is uniform and
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Reports of presence of excessive hemoly-
sis in iron deficiency anemia are contradic-

tory, although comparable degrees of ane-

mia have been investigated (Layrisse et al.:
Blood 25:73, 1965; Pritchard et al.: 11th
Cong. Int. Soc. Hemat. Sydney, 1966).
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constant from cell to cell. Estimates of

the red cell Rh0(D) content obtained with

the use of radioisotope-labeled antibody

represent an average value obtained by

dividing the quantity of cell bound anti-

body by the number of red cells present
in the suspension sensitized. Differences

from cell to cell with respect to antigen
content would remain undetected using the
average value. In the present study the anti-

gen content of individtial red cells was

evaltiated using radioautography of red cells

sensitized with P2� anti-Rh0( D). Two

questions were investigated: the uniformity

of labeling of individual red cells in the

circulation, the presence of unlabeled-i.e.,

Rh0(D) negative-red cells in the cir-

culation of Rh0(D) positive individuals,

P25 anti-Rh0(D) was prepared as de-

scribed previously. Red cells sensitized with

the labeled antibody were washed and
used for preparing thin smears. Autoradio-

graphs were obtained by using a liquid

emulsion. After exposure and development,

the smears were examined and the fre-

quency distribution of grain counts deter-

mined. The observed distribution of grain

counts on the red cells obtained from

individual donors differed significantly from

a Poisson distribution which would be ex-

pected if the cells were uniformly labeled.

It was possible to show by using mix-

tures of Rh0(D) positive red cells that

the nonuniform labeling was not due to

experimental errors associated with grain
counting. The autoradiograph technic was

sensitive enough to detect the presence of

10 per cent Rh0(D) negative red cells

in artificial mixtures. Using the artificial

mixtures as guidelines, no evidence was

obtained to indicate that Rh0(D) nega-

tive cells were present in the circulation of

the Rh0(D) positive donors examined.

S 111-2

AN UNSUSPECTED ULTRASTRUCTURAL FAULT IN HUMAN ELLIPTOCYTES

Ellis J. VanSlyck and John ‘,V. Rebuck, Henry Ford Hospital, Detroit, Mich.

Ebliptocytes (ovabocytes) were mounted

for electron microscopy and shadow cast

with metallic chromium. Micrographs of

representative erythrocytes from seven het-

erozygotes and one homozygote afflicted

with hereditary elbiptocytosis were obtained.

The shadows cast at right angles to the long

axis of the abnormally elongated erythro-

cytes presented evidence for a heretofore

unsuspected malformation of the ellipto-

cyte. The shadows were significantly ebon-
gated at each end, so that the outlines

produced a configuration resembling ca-
noes rather than elongated semi-lunes. Di-

rect observations revealed massing of hemo-

globin at the poles of the elliptocyte and

failure of these poles to crenate under ap-

propriate conditions. This suggestedl that

the observed abnormality could be account-

ed for by the bipolar hemoglobin aggre-

gation.

Similar electron micrographs of ellipto-

cytic erythrocytes from llamas, as repre-

sentative of the species Camelidae, revealed

no evidence of such bipolar aggregations.

and the shadow configuration was smoothly

semilunar.

An unusual mode of stromatolysis oc-

curred only in the homozygote cells, marked

by retention of the elliptocytic outline.

Furthermore, unlike the sickle cell ghost

which reverts to a biconcave disc after

bysis, the elbiptocytic ghost retained its

original abnormal outline.

S 111-3

EXPERIMENTAL EVIDENCE OF EXCESSIVE HESI0LY5I5 IN CHRONIC IRON

DEFICIENCY ANEMIA

H.-]. Iluser, E. E. Rieber, and Anne R. Berman, Department of Hematology, New England

Medical Center Hospitals, Tufts University School of Medicine, Boston, Mass., and Walter

Reed Army Institute of Research, Walter Reed Army Medical Center, Washington, D. C.
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EVIDENCE SUGGESTING FACILITATED ABSORPTION IN MAN OF ORGANIC (AND

INORGANIC) IRON BY A SUBSTANCE PRESENT IN DEPEPSINIZED NEUTRALIZED

NORMAL HUMAN GAsmic JUICE AND IN Hoc INTRINSIC FACTOR CONCENTRATES

Samuel Waxrnan, Peter Pratt, Janet Cuttner, and Victor Herbert, Department of Hematology

The Mount Sinai Hospital and Medical School, New York, N. Y.

NINTH ANNUAL MEETING 1005

Strictly controlled studies of severe iron

deficiency in patients are not available.

In the present study of iron deficiency ane-

mia, nonhuman primates were employed be-

cause of their hematologic similarities to

man.

Six normal adult female baboons (Papio

doguera) were used. The following base-

line studies were performed: blood counts,

bone marrow examination, assay of serum

iron, TIBC, serum folate, vitamin B12,

bilirubin, plasma hemoglobin, and hapto-

globin binding capacity; red cell mass, plas-

ma volume, whole blood volume, and red

cell survival were measured using Cr51. The

ferrokinetics were measured using Fe59.

Fecal blood loss was evaluated by the Cr51

method. Red cells of normal animals had a

mean half-life of the Cr51 (RCS T/2) of

20.7 days. Three animals were selected at

random and made iron deficient by repeated

phlebotomy and by iron deficient diet.

Severe iron deficiency anemia (Hb and

Heme, a source of food iron, is almost

identical to the corrin of vitamin B12.

Therefore, effect of intrinsic factor (IF)-

containing materials on absorption of Fe59

of heme was investigated in four patients

with both pernicious anemia (PA) and iron

deficiency. One patient absorbed (deter-

mined by stool collections) 2.6 per cent of

Fe59 fed as 112 mg. heme crystallized from

sheep blood and 27.5 per cent when fed

with 20 ml. depepsinized neutralized nor-

mal human gastric juice (GJ). Three pa-

tients absorbed (whole body counting),

respectively, 456, 840, 984 micrograms of

approximately 12 mg. Fe59 fed as sheep

hemoglobin (absorption by normal subjects

is about 1.2 mg.); absorption was enhanced

l)y 576, 492, and 403 micrograms when the

hemoglobin was fed with hog IF.

A given weight of hog IF had a maximal

fixed capacity to bind approximately its

weight of hemoglobin when the two were

incubated in 0.9 per cent NaC1 at 23 C. for

30 minutes (weight ratio, hemoglobin: IF

PCV) was obtained after 2 to 3 months.

Animals were then fed an iron deficient

diet for one more month and baseline stud-

ies were repeated. The mean RCS T#{189} was

12 days, and Fe59 red cell incorporation

curve was typical for hemolytic disease.

Studies were repeated after one additional

month of iron deficient diet. While the mean

red cell mass had remained constant with

some rise in the PCV values to 25 per cent.

the mean RCS fell to 7.5 days. Fecal blood
loss was negligible.

The data indicate that excessive hemoly-

sis does occur in iron deficiency anemia

and that the degree of hemolysis appears

to be related to the chronicity of the ane-

mia rather than to its severity alone. This

is due possibly to development of increas-

ingly abnormal red cell population as dem-

onstrated in peripheral blood smears. Nor-

mal plasma hemoglobin values and normal

haptoglobin binding capacity favor pre-

dominantly extravascular hemolysis.

S ffl-4

greater than 15:1). This is similar to the

quantity of enhancement of absorption of

Fe59 from hemoglobin by PA patients fed

hemoglobin with IF. Ascorbate enhanced

sixfold the binding of hemoglobin to IF.

Preincubation of IF with hemoglobin

did not reduce the ability of IF to sub-

sequently bind B,2, nor did preincubation

with B12 reduce ability to bind hemo-

globin, suggesting different sites of attach-

ment of hemoglobin and B12 to IF. Nor-

mal human serum prevents binding of he-

mogbobin to IF.

A fifth such patient absorbed (whole

body counting) 16.2 per cent of Fe59 in

250 micrograms of ferrous sulfate, and 51

per cent when the Fe59 was fed with GJ.

These studies suggest that absorption of

organic (and possibly inorganic) iron is

facilitated by a substance (not acid or

pepsin) in GJ and hog IF concentrates.

Whether the substance acts partly by re-

duction or preventing heme polymerization

(Clin. Res. 14:294, 1966) is undetermined.
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THE LIMITATION OF MARROW PRODUCTION BY THE AVAILABILITY OF DIFFERENT

IRON Pooi�s

Robert S. Hillman and Perry A. Henderson (Introduced by Peter 0. Ways), King County
Hospital and University of Washington Department of Medicine, Seattle, Wash.

Marrow
Production Rate

(times normal)Iron-Supplement Iron Stores Serum Iron

Oral iron (800 mg.

ferrous iron

O.D. ) 0 Low 2.5-3.0

Hemochromatosis
52+ RE cells }
�4+ Parenchymal cells

Normal 5.2

Iron dextran S4+ RE cells }
�1-2+ Parenchymal cells

Acutely normal

Chronically low

5.0

3.5

Hemolytic disease
�2+ RE cells }
�Hemogbobin shunt Normal 6-8.0

S 111-6
EFFECT OF SPLENECTOMY ON RED CELL PRODUCTION

A. I. Erslev and P. 1. McKenna, Cardeza Foundation for Henlatobogic Research. Jefferson

Medical College, Philadelphia, Pa.
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The normal human erythroid marrow re-
sponds to moderate anemic stress by an

increase in production to 3 times normal

within a few days, and after prolonged

stimulation of hematocrit levels of 25-30 it

may reach a maximum of 5 times normal.

However, in hemobytic states production

levels of 6-8 times normal are common.

These differences in production capabilities

may best be explained as a reflection of the

availability of iron substrate. In patients

studied under comparable anemic stress the
patterns shown in the table were revealed.

These clinical situations represent the

varying contributions of four separate iron

pools: the parenchymal iron stores, the re-

ticuboendothelial iron stores, the hemolytic’s
large hemoglobin shunt, and the gut absorp-

tion pathway. Each demonstrates a different

maximum delivery rate of iron to the mar-

In hemobytic anemia treated with splen-
ectomy, the immediate effect of splenectomv

on red cell prodtiction is usually obscured
l)y preoperative transfusions or by atito-

transfusion from the surgically manipulated

spleen. The resulting increase in hemo-

row as shown by serum iron levels and

erythroid marrow production. In hemolytic

states the reticuboendothelial cell rapidly

processes hemoglobin iron without ever con-

verting it to stores to support a normal se-

rtim iron and 6-8 times normal marrow pro-

duction, whereas maximum gut absorption

can support less than half this production

level with very low serum iron values. Com-

pared to the latter, when reticuloendothelial

and parenchymal stores are present a higher

level of production, 5 times normal, is seen.

Of these last two pools the parenchymal

cells may deliver iron at a better rate than

the reticuloendothebial cells, possibly be-
cause of the greater ease in ferritin versus

hemosiderin mobilization. Thus the hemo-

chromatotic maintains a better production

rate than the reticuboendothelial iron over-

load situation.

gbobin concentration would be expected

to cause a decrease in erythropoetic activity.

However, careful erythrokinetic measure-
ments in two recent cases of hypersplenic

hemolysis revealed a decrease in erythro’

poetic activity which appeared out of all
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proportion to the change in hemoglobin con-

centration. In the next four cases of heredi-

tary spherocytosis treated with splenectomy,

careful surgical management resulted in a

constant hemoglobin before and after sur-

gerv. Nevertheless, the reticubocvte count

and the serum iron turnover decreased

abruptly to normal values. That this decrease

%Va1S not caused by a cessation of red cell de-
struction was shown by giving heated, non-

viable red cells for 4 days in volumes cor-

responding to 4 times normal red cell

destruction. These inftisions did not re-

store erythroid activity. Serum erythropoetin

levels were fotind to be unchanged before

and after operation. However, sertim iron

showed a dramatic change in every case with

the development of a sustained severe hypo-

ferremia despite adequate iron stores. Con-

trol cases of splenectomy in liT or gall-
bladder operation merely showed a brief

postoperative hypoferremia, indicating that

it was not the surgical trauma which was

responsible for the prolonged stlppression

of serum iron. It appears more probable

that the hyperspbenic spleen being respon-

sible for iflOSt of the red cell destruction

also was responsible for most of the iron re-

utilization. When the spleen was removed.

there was a considerable delay before the re-

niainder of the retictiboendothelial cells

cOtll(l mobilize storage iron for feedback

into the circulation. During this period,

h�poferremia developed, explaining the de-

crease of erythropoetic activity in hemolytic

anemia after splenectomv.

S III-7

ERYTHROPOIETIX EXCRETION IX MAN FOLLOWING ANDROCENS

R. Alexanian, Department of Medicine, The University of Texas M. D. Anderson Hospital

and Tumor Institute, Houston, Texas

The mechanism by which androgenic

hormones stimulate erythropoiesis in man

has not been defined. Stich large doses

of testosterone are reqtiired to increase

serum erythropoietin concentration in ro-

dents that the significance of this finding

in regard to htiman red cell production is

unclear.

The quantitation of erythropoietin ex-

cretion in normal human beings has clarified

some aspects of this problem. Concentrates

were prepared by membrane dialysis of

24-hour urine collections and assayed in

�)obycYthemic mice using a fractionated in-

jection program. Per cent utilization of

Fe59 was calculated for each animal from

a formtiba based on weight and hematocrit

providing a superior prediction of red cell

mass. Results were converted to Standard B

erythropoietin units from a dose-response

curve linear in the 0.1-0.5 unit range.

Eight female and seven male volunteers

consumed fluoxymesterone (Habotestin) in

a daily dose of 12 mg/meter2 for four

weeks. Mean daily urinary erythropoietin in-

creased from 0.9 to 8.6 tlnits in women

and from 1.8 to 4.4 units in men. Significant

stimulation was detected in 7 women and

2 men to a level 4X control after 2 weeks

and 8X control after 4 weeks of treatment
No change occurred in hematocrit and re-

ticubocyte concentration, but per cent sat-

tiration of transferrin decreased to less than

15 in 3 of the stimulated subjects. Elevated

erythropoietin excretion returned to the pre-
treatment level within 1 week after cessation

of therapy. Fbtioxymesterone was eliminated

from the urine concentrates by the dialysis

procedure ruling out an indirect stimulation

of endogenous erythropoietin in assay ani-

mals by this hormone. Neutralization by

rabbit antihuman erythropoietin serum sup-

ported the identity of the stimulating ac-

tivtv with human erythropoietin.

These observations suggest that the stim-

ulation of erythropoietin production ac-

cotints to a major degree for the increase

in erythropoiesis that follows androgenic
therapy in some human beings with normal

marrow function. The findings also explain

the higher red cell mass and erythropoietin
excretion found in men in comparison with

women and suggest a greater sensitivity of

women to the stimulation of erythropoietin

induced i�y a specific dose of fluoxy-

mesterone.
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CHROMATID EXCHANGE AND BREAKAGE IN THE PEDIGREE OF A CHILD WITH

LEUKEMIA AND PARTIAL D TRISo�IY: EVIDENCE FOR A GENETIC FACTOR

IN LEUKEMocEr�rzsIs AND CONGENITAL MALFORMATIONS

Wolf W. Zuelzer, Ruby I. Thompson, and Renato Mastrangelo, The Child Research Center

of Michigan and Wayne State University. Detroit, Mich. (Supported by a grant from the

Cl1�ldren’s Leukemia Foundation of Michigan)
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Chromosome studies in relatives of an in-

fant with acute myebogenotis leukemia and

partial D trisomy (translocation type)
showed chromosomab aberrations in karyo-

ty pically normal members of three genera-

tions: maternal grandmother, mother, her

male twin, and one of his children. These

consisted in chromatoid exchanges, increased

breakage and/or endoreduplications, seen in

phytohemagglutinin-treated blood ctiltures

and, in the case of the grandmother and

mother, were observed during a 5-6 months’

period. The grandmother’s “direct” bone

marrow preparation showed a cell with two

chromatid exchanges. No subject had been

exposed to x-irradiation or drugs or had

known viral infe?tions. No aberrations were

found in cultures from the proposita’s father,

another maternal uncle, or his children.

The graLdmother was born with a harelip

and had had a stillbirth attributed to mal-

forznations. Her blood and bone marrow

findings suggested early chronic lymphatic

leukemia. The mother and her twin were

healthy and hematologically normal, but

their erythrocytes showed a positive anti-

globulin test.

The observations are compatible with the

presence of a genetic factor transmitted as

a Mendelian dominant and affecting the

stability of the chromosomal apparatus in

the manner of a “breakage gene.” Assuming

that the etiology of leukemia is multi-

factorial and that the malignant trans-

formation involves unknown mutagenic

agents of wide distribution. such a factor

should increase the statistical probability

of the disease, perhaps by facilitating the

entry of hypothetical leukemia viruses into

the unstable genome of rapidly replicating

cells, and would not be manifest as a clas-
sical genetic pattern from the incidence of

leukemia itself in affected pedigrees.

Through abnormal distribution of genetic

material in the chromosomes, a breakage

gene acting on surviving premeiotic or

meiotic germ cells could catise a multiplicity

of seemingly tinrelated defects and form a

link between leukemia and congenital mal-

formations. The underlying chromosomal

abnormality would not necessarily be ap-

parent as an overt alteration of the karyo-

type, but rather translocations (as in the

proposita) and other cytogenetic mishaps

would represent special cases of rather gross

effects of the posttilated breakage gene. The

association of leukemia with abnormal

chromosonial constitution (e.g., in mongol-

ism) might therefore relate to instability of

the chromosomal apparatus rather than to

a specific fixed chromosonlal abnormality.

A POSSIBLE DEFECT IN RNA METABOLISM IN LEUKEMIC CELLS

George A. Hyman and Bruno Fingerhut, Departments of Medicine and Urology, Columbia

University College of Physicians and Surgeons. New York, N. Y.

Autoradiographic studies were performed

on the immature white cells of 50 patients

with leukemia employing tritiated thymi-

dine, uridine, and cytidine. The technic was

modified from that reported by Rubini, Kel-
ley, and Cronkite (J. Lab. Clin. Med. 66:

483, 1965). Leukocytes of the marrow and

to treatment, during treatment, and in the

remission when it was induced. In addition,

the same sttidies were performed in the

marrow and peripheral leukocytes of eight

individuals withotit leukemia.

The studies with tritiated thymidine re-

vealed that normal blood had 1 to 2 per

peripheral blood were examined in some of cent labeled cells with 10 to 20 grains per

these patients. serially when possible, prior cell. In letikemic blood the variation was
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THE IN Vivo SURVIVAL OF LEUKOCYTES LABELED IN Vrrno WITH RAD:OACTIVE

CIIROMATE

Robert ltfcMillan, James L. Scott, and Joseph V. Marino, Veterans Administration Center

and UCLA School of Medicine, Los Angeles. Calif.
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partrnents.

from 4 to 40 per cent of labeled cells

with 10 to 100 grains per cell; normal

bone marrow had 4 to 8 per cent labeled

cells with 50 to 100 grains per cell; and

leukemic bone marrow had 10 to 40 per cent
labeled cells with 40 to 100 grains per

cell.
When tritiated uridine or cytidine was

employed, a striking phenomenon was

regularly observed in 50 instances, entirely

unlike the labeling of normal leukocytes.

The normal leukocyte was labeled in pro-

portion to 40 to 60 per cent and the number

of grains between 8 to 40. The grains were

located uniformly in the nucleus and cyto-

plasm and around the cell. In leukemia the

Normal blood leukocytes (WBC) labeled

with radioactive diisopropylfluorophosphate

(DFP32) and reinftised are removed from

the circulation exponentially with a T1/2 of

about 7 hours. Longer T#{189}times have been

found in association with infection, malig-

nancy, chronic myebocytic betikemia (CML),

and the myeboproliferative disorders. The

specificity of DFP22 as a label for granulo-

cytes excludes its use in the acute leukemias

and chronic l�mphocytic leukemia (CLL),

and the weak beta-emission of the isotope

limits assessment of the organ distribution

of the labeled cells.

In view of these limitations, we have re-

investigated the use of radioactive sodium

chromate (Cr51) as a WBC label. The

WBC of venous blood drawn into a mixture
of ACD-A solution and clinical 6 per cent

dextran are separated and concentrated, re-

suspended in Dacie’s solution, and incubated

with 300 Mc. of Cr5’ for 30 minutes at 37 C.

The cell suspension is infused and an aliquot

retained for cell counts and determination

of WBC specific activity. Surface monitor-

ing of Cr5’ over the heart. lung. liver. spleen.

and other appropriate areas is clone and

blood samples are taken for determination of
cell specific activity at appropriate intervals.

Validation of the method was sought by

comparing the results of DFP�2 and Cr5’

number of labeled cells were 40 to 100 per

cent, the number of grains over 100 and
most located intranuclearby; very few grains

were in the cytoplasm or around the cell.

The findings lead to a consideration of the

possibility that in leukemic cells there is a

block in the transfer of newly synthesized

RNA from nucleus to cytoplasm. Alterna-

tively, one must consider shunting of the

labeled uridine (via thymidine) and the

labeled cytidine into the DNA of the

nucleus or an extremely rapid turnover and

breakdown of intracytoplasmic RNA. All

of these possibilities are tinder investigation

at present.

S 111-10

granulocyte survivals in the same subject.

Granubocyte T% valties found with DFP32

agree with ptibl:shed values; equal or some-

what longer T#{189}values have been ol)tainecl

with Cr51-labeled WBC in normal subjects

(8-10 hours), patients with infections (8-10

hours) and CML (25 hours). Body surface

counting rates in normal subjects and pa-

tients with infections paralleled this disap-

Iearance of the labeled cells. Accumtilation
of excess radioactivity was detected over

areas of localized inflammation and over

the enlarged spleen of a patient with hyper-

splenism. Preliminary studies in CLL and

acute letikemia show rapid concentration

and variable retention of radioactivity in the

spleen, in association with complex blood

WBC survival curves having T#{189} values of

24 to 70 hours.

These data indicate that intravascular

survival studies of grantilocytes labeled in

vitro with Cr5’ give results comparable to

those obtained with the in vitro DFP32-

labehng technic. In addition, Cr51-labeling

allows assessment of the tissue distribution

of the labeled cells. The leukocyte kinetics

of the acute and chronic leukemias appear

to be complicated by the recycling of cells

between vascular and extravascular corn-
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THE EFFECT OF PNEUMOCOCCAL INFECTION ON NEUTROPHIL KINETICS

J. C. Marsh, D. R. Boggs, G. E. Cartwright, and M. M. Wintrobe, Department of Medicine,

College of Medicine, University of Utah, Salt Lake City, Utah

S ffl-12

DEFICIENT GLUCOSE OXIDATION IN THE INTACT Lmixocrrzs OF CirnoNIc

GRANULOMATOUS DISEASE

Robert L. Baehner and David G. Nathan, Department of Medicine, Children’s Hospital

Medical Center, l)epartment of Pediatrics, Harvard Medical School, Boston, Mass.
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The availability of technics for labeling

neutrophibs with DFPI2 has made possible

studies of their kenetics in pathologic as

well as physiologic conditions. Neutrophil

kinetics in dogs with acute severe bacterial

infections are reported herein. We were

partictibarly interested in finding out whether

the total granulocyte count accurately re-

flects neutrophil behavior.

Twenty-seven dogs were inoculated intra-

bronchially with pneumococci. The course

of the infection was followed by evaluation

of the clinical status, blood cultures, tern-

perature. total blood granulocyte count,

changes in the ratio of nonsegmented to

segmented neutrophils (N/S), and altera-

tions in the marrow differential. Neutrophils

were labeled by intravenous injection of

DFP12 and by addition of DFP32 to blood

in vitro which was then returned to the

donor. Kinetic measurements included the

size of the circulating and marginal blood

grantilocyte pools, the rate of disappearance

of labeled granubocytes from the blood, the

Children with chronic granulomatous dis.
ease (CGD) are afflicted with multiple

severe infections. Their leukeocytes ingest

but do not kill bacteria. To evaluate beuko-

cyte oxidative metabolism during phagocy-

tosis in this disorder, the following studies

of the leucocytes of a Negro boy with CGD
were performed.

The cells were suspended at a concentra-
tion of approximately 5 X 107/ml. in Krebs

buffered plasma containing either glucose

1�C14 or glucose 6�C14. Phagocytosis was

initiated by the addition of polystyrene

spheres approximately 1 micron in diameter.
Following a 30-minute incubation �t 37 C.,

the ratio of C14O2 derived from glucose

1�C14 to the C14O2 derived from glucose.
6-C�� was determined. The results revealed

rate of emptying of the bone marrow storage

pool, and the rate of input into and egress
from the blood.

An increased rate of emptying of the

marrow storage pool, accelerated disappear-

ance of labeled cells from the blood, in-

creased granulocyte turnover rates through

the blood, and marked increases of N/S

and immature marrow granubocytes were

observed in the most severely ill dogs.
In dogs recovering from infection the blood

granubocyte specific activity remained con-

stant while the total granubocyte count was

decreasing, suggesting temporary cessation

of marrow neutrophil output.
Early in the course of the infection, en-

bargement of the marginal granubocyte pool

occtirred before an increase in the circulat-

ing granulocyte pool. In several dogs neu-

tropenia developed because egress from the

blood exceeded marrow output. Thus the

correlation of the total granulocyte count
with kinetic abnormalities was poor.

deficiency of hexose monophosphate shunt

(lIMP) glucose oxidation by CGD leuko-

cytes during phagocytosis, whereas the HMP

of control beukocytes was markedly stimu-
bated. The addition of methylene blue
equally stimulated HMP activity in control

and CGD leukocytes. Therefore, the HMP
pathway is present in CGD leukocytes, but

it is not stimulated by phagocytosis.

A simple dye test differentiates these CGD
leukocytes from control leukocytes. Addition

of 0.2 per cent Nitro Blue Tetrazoliuni

(NBT) and TPNH to intact leukocytes

during phagocytosis revealed prompt reduc-

tion of NBT by control cells with formation

of a deep blue precipitate. This dye reduc-
tion indicates a dehydrogenase activation.

on the contrary, there was no reduction and
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Two LARC;E-SCALE PROCEDURES FOR PURIFICATION OF HUMAN ANTIHEMOPHILIC

FACTOR (AHF)

A. J. johiisoii, J. Newman, At. B. Howell, and S. Puszkin, American National Red Cross

Research Laboratory and Department of Medicine, New York University Medical Center,

New York, N. Y.

S IV-2

ELECTROPHORETIC AND Ist�IUNoLocic STUDY OF FIBRINOCEN-FREE

ANTIHEMOPHILIC FACTOR

Herbert Wohi, Department of Medicine and Unit for Research in Ageing, Albert Einstein

College of Medicine, New York, N. Y. (Supported by PHS Grant HE 08566)
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no blue precipitate produced by the CGD

leukocytes under these conditions.

These results suggest that the failure of

glucose oxidation via the HMP in intact

CGD leukocytes is related to deficient stim-

ulation of dehydrogenase activity during

phagocytosis.

S IV-1

Highly purified human AHF can now be

prepared on a large scale from fresh frozen

plasma. In the first method, the cryoethanol

precipitated proteins from 20-40 liters of

plasma are extracted with low ionic strength

buffer after melting the crushed plasma in

the presence of 3 per cent ethanol. The re-

sulting AHF is of intermediate purity (30-

60 x) and remarkably stable in the lyophi-

lized state; limited clinical investigation

shows 70 per cent recovery in hemophilics

and good hemostatic function. When this

material is purified further by precipitation

with polyethylene glycol (PEG), the re-

sulting AHF is more than 200 X purified

and contains at least 50 per cent of the

activity of the starting plasma. The prepara-

Fibrinogen-free human antihemophilic

factor (AHF) was prepared from plasma

concentrates. Zone electrophoresis on Pevi-

kon blocks was employed, and eluates of

sequential segments of each block were

assayed for fibrinogen and AHF. Appropriate

segments were pooled and concentrated un-

der vacuum through colbodion membranes.

These concentrated eluates were then stud-

ied by acrylamide gel electrophoresis, im-

munoelectrophoresis, and immunodiffusion.

Overall AHF yields of 10-20 per cent of

applied amounts were recovered, with
specific activities ranging from 20-100 units

AHF per milligram protein, contrasted with
normal plasma specific activity of 1.5 units

per milligram protein (100 units per ml.).
In AHF-rich zones, no fibrinogen

tion can be reconstituted to at least 100

units/mb. When this AHF was injected

intravenously into volunteers with severe

hemophilia, approximately 70 per cent of

the original dose was recovered. AHF levels
exceeding 30 per cent (adequate to prevent

bleeding due to severe trauma, accidental or

surgical) were obtained after a single 10-30

ml. injection. Little AHF was recovered in

the plasma after intramuscular injection,

however. An active AHF fraction was ob-

tamed following gradient ultracentrifugation

(in vitro assay), which did not react with

fibrinogen antisera or clot with thrombin.

Two bands were obtained on acrylamide

gel electrophoresis of this fibrinogen-poor

material.

was detected visually upon addition of

thrombin-calcium to the concentrated

eluates. Tanned red cell hemagglutination
inhibition assay for fibrinogen demonstrated

less than 10 micrograms fibrinogen/ml. A

single band in the alpha-2 region was noted

on acrylamide gel electrophoresis.

DEAE gamma globulin was prepared

from rabbits immunized against the original

plasma concentrates. Using this gamma

globulin, immunoelectrophoresis demon-

strated a single component in the concen-

trated AHF-rich eluates, contrasting with
the multiple components demonstrated in

the original plasma concentrate, normal plas-
ma, and normal serum. On immunodiffusion,

the single component in the AHF-rich

eluate cross-reacted with a component in
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FAILURE TO PROVOKE THE LOCAL SHWARrZMAN REACTION WITH THROMBIN

John Simmons, Samuel I. Rapaport, and Peter F. Hjort, Department of Medicine,

University of Southern California School of Medicine, Los Angeles, Calif.

S IV-4
THE ENZYMATIC BAsIs FOR GLYCOGENOLYSIS IN BLOOD PLATELETS

Robert B. Scott and Laverne W. Cooper, Department of Medicine, Medical College of

Virginia, Richmond, Va.
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both plasma and serum.
Antisera to plasma AHF concentrates pro-

duced a delay in thromboplastin generation

in AHF assays. Antisera to the isolated single
component in AHF eluates is being pre-

pared.

It is concluded that AHF can be sepa-

rated from fibrinogen by block ebectro-

phoresis, in low yield btit high specific

activity. A single component is present in

AHF-rich zones which appears identical to

a component in both serum and plasma.

S IV-3

In the classical local Shwartzman reaction

(LSR), endotoxin is first injected intra-
dermally (preparatory injection) and, 24

hours later, intravenously (provoking in-

jection). Within hours after the provoking

injection hemorrhagic necrosis develops at

the prepared site. Many agents besides en-

dotoxin can be used for the preparatory

injection; their common action is to cause

polymorphonuclear leukocytes to accumu-

late perivascularly and to be lysed, liberat-

ing lysosomal enzymes. Many substances

(e.g., starch, serum) can also be used for

the provoking injection, but their common

mechanism of action is unknown. Because

endotoxin promotes coagulation, because

thrombi are found at the site of the LSR,

and because anticoagulants prevent the LSR,

we have examined whether the “least corn-

mon denominator” of provoking agents in

their ability to trigger intravascular coagu-

lation.

Nine rabbits were given an intradermal

preparatory injection of 200 gamma of

Blood platelets contain relatively large
amounts of glycogen, as demonstrated by

biochemical analyses and electron micros-

copy. It also has been reported that during

in vitro clotting of porcine platelets, the
glycogen content decreases. In order to

initiate glycogenolysis, preexisting glycogen

phosphorylase molecules must be utilized

since the anucleate platelet no longer pos-

sesses the mechanisms for inducing enzyme

synthesis.

During incubation of platelets in vitro

E. coli endotoxin and, 24 hours later, a

provoking intravenous injection of 150 gam-

ma of endotoxin per 1.5 Kg. of animal.

Eight of the nine rabbits developed the LSR.

Fibrinogen bevels fell slightly and only in

samples drawn at 4 hours; falls in Factor

VIII were found at 2 and 4 hours.

Fourteen animals were given an intra-

dermal preparatory injection of 200 gamma

of E. coli endotoxin and, 24 hours later, an

infusion of 150 to 1200 NIH tinits of

thrombin (150 ml. of saline containing be-

tween 1 and 8 units per ml. at the rate

of 1 ml. per minute). Not one animal de-

veboped the LSR. Yet, much more intra-

vascular coagulation was produced by the

larger doses of thronibin than by a provok-

ing dose of endotoxin as judged by greater

falls in fibrinogen and Factor VIII. There-

fore, the ability to trigger an episode of

intravascular coagulation cannot be the sole

requirement of a provoking agent for the

LSR.

phosphorylase specific activity was estimated

both in the presence and absence of added
AMP. Activity in the absence of AMP is

believed to represent only the a form of

the enzyme; activity with added AMP is

“total” activity-i.e., the AMP-dependent

b form plus the a form.

Removal of platelets to saline or Hanks

solution resulted in prompt activation of

phosphorylase and glycogen degradation.

Incubation in plasma resulted in only slight

phosphorylase activation and little glyco-

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/6/974/573424/974.pdf by guest on 19 M

ay 2023



THE EFFECT OF PHOSPHATIDYLSERINE ON PLATELET FUNCTION AND HESIO5TASIS

F. E. Nishizawa, M. Buchanan, and J. F. Mustard, Department of Pathology, McMaster

University, Hamilton, Ontario, Canada

S IV-6

FAMILIAL CANINE THROMBOCYTOPATHY

W. I. Dodds (Sponsored by Kent D. Miller), Division of Laboratories and Research,
New York State Department of Health, and Department of Pathology, Albany Medical

College. Albany, N. Y. (Supported in part by USPHS Grant HE-09902)
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genolysis. Activation proceeded with an in-

creasing proportion of the a form of phos-
phorylase, suggesting the activity of the

phosphorylase-activating enzyme phos-

phorybase b kinase. “Total” enzyme activity

likewise increased and continued to increase

while the proportion of the a form began
to decrease again, indicating more than one

activating mechanism. The initial activity

of the enzyme in plasma, which probably

most closely represents the in vivo value, is

0.994 ± 0.187 (SE) �smoles P1 per hour per

mg. protein (range 0.605-1.389). Initially,

90 per cent of the enzyme activity was

AMP-dependent.
These experiments demonstrate a useful

system in which the enzymatic alterations

occurring during glycogenolysis can be stud-
ied more extensively. These initial results

show some of the details of the complex
process of phosphorylase activation and in-

dicate that glycogenolvsis in platelets can

occur independently of the coagulation

process.

S IV-5

Administration of phosphatidylserine pre-

pared from beef brain prolongs the bleed-

ing time in experimental animals. This

material inhibits both collagen-induced

platelet aggregation and the intrinsic and

extrinsic pathways of blood coagulation. We
have been able to separate these two effects

with the use of a series of synthetic phos-

phatidylserines. The C-b (didecyl) phos-

phatidvlserine inhibits collagen-induced

platelet aggregation btit has little effect

on coagulation, whereas a reverse effect is

observed with C-16 phosphatidylserine. In

order to evaluate the importance of blood

coagtilation and platelet-to-collagen reaction

on hemostasis, we studied the effect of the

different synthetic phosphatidylserine prep-

arations.

Direct observation of hemostatic plug
formation in transected mesenteric vessels

of dogs and guinea pigs showed that intra-

venous infusion of C-10 phosphatidylserine

caused prolongation of the primary arrest

A family of otterhounds with characteris-

tics similar to Gbanzmann’s thrombocyto-

pathy has been discovered in upstate New

York; the family represents a unique facility

for the study of the qualitative platelet

defects of man.

of bleeding and a frequent rebleeding

through the plug. The platelets in platelet-

rich plasma prepared from the treated ani-

mals did not aggregate when collagen was

added, but did cause aggregation when

ADP or thrombin was added. This effect

was also achieved with intramuscular injec-

tion into guinea pigs. Administration of C-16
phosphatid�bserine also impaired hemostatic

plug formation. The greatest effect in these

studies was the inhibition of blood coag-

ulation.

The degree of inhibition of heniostasis

with the synthetic phosphatidylserine was

not as great as with the natural phospholipid

where a combined effect is operating. These

observations show that phosphatidylserines
containing fatty acids of different chain

lengths have different effects on hemostasis
and support the view that both the platelet
collagen reaction and coagulation are im-

portant in the formation of a stable hemo-

static plug.

The defect is characterized by prolonged

bleeding times; moderate thrombocytopenia;

poor clot retraction; defective platelet ag-
gregation with ADP, collagen and thrombin;

prolonged Russell viper venom times; nor-
mal coagulation factor assays; melena, inter-
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MEGAKARYOCYTE ALTERATIONS IN THR0SIB0POIEsIs

Laurence A. Ilarker (Introduced by Arno G. MotuLsky), University of Washington,

Department of Medicine, Seattle, Wash.
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mittent anorexia; lethargy and chronic ane-

mia. The affected platelets will not stipport

thromboplastin generation until twice

frozen and thawed.

Of 35 dogs tested in the family, three

males and six feniales were affected. Both

parents of these affected animals were in-
vestigated in an attempt to demonstrate the

heterozvgous or carrier state. In a recent

litter of eight puppies, three affected ones

were fotind. Their sire was normal but their

dam appeared a heterozygote based on

intermediary platelet ftinction. Two other

heterozygous female dogs and one het-

erozygous male have also been established.
The frequency of the defect is probably a

result of the intensive inbreeding practised

ill this dog family over the past 25 years.

Ultrastructure of platelets from the nor-

nlaI. heterozygous, and homozygous animals

is under investigation, as are lifespan studies

and determination of the celltilar defect.

S IV-7

Platelet production is regulated to meet

peripheral needs, but the manner in which
this is accomplished by the niegakaryocyte
is unclear. This is a quantitative study of the

inegakaryocytic tissue in equilibrated. stimti-

bated and suppressed states.
Stimulated thrombopoiesis was produced

by a sustained thrombocytopenia of less

than 10 per cent normal by means of re-

peated platelet-poor exchange transfusions.
Thrombopoiesis was suppressed by a throm-

hocytosis of 3 times normal, induced by

platelet hypertransfusion. The total mega-
karyocytic number was evaluated from cell

counts of sectioned marrow, relating the

inegakaryocytes to the nucleated erythroid

cells which in turn were quantitated by an

Fe59 dilution method. Cell size and cyto-

plasmic/ntlclear ratio were determined from

section photornicrographs. The number of

nuclear divisions of the individual mega-

karyocyte was evaluated from nuclear lobe

counts. Per cent 535 platelet utilization was

determined by quantitating the incorpo-

rated 5�5 within circulating platelets 3 days

following the intravenous injection of

5�5O4, and relating this determination to
total injected activity. Results are sum-

marized in the table. In addition, intracel-

lular nticlear divisions increased with stimu-
lation and decreased with suppression, de-

spite constant cytoplasmic/nuclear ratios.

Altered levels of circulating platelets re-

sult in a marked modification of mega-

karyocytic mass, and parallel changes in
platelet output have been demonstrated by

535 platelet utilization studies. Changes in

megakaryocytic size are of greater signifi-

cance in thrombopoiesis than alterations in

cell number. The alterations in cell size ap-

pear to be accomplished by modifying the

number of nuclear divisions and the ac-

companying cytoplasmic complement.

Megakaryocytes

Total Body No.
(1O’/Kg. BW) Diameter (jz) Mean Vol.

(j�3)

Mass (10’ �t’/

Kg. BW)
Relative
S” 13tH.

Normal 16.8 ± 2.5 20.6 ± 3.4 464 7.8 1.0

Stimulated 25.6 ± 5.2 26.5 ± 4.9 987 25.3 3.0

Suppressed 10.0 ± 2.2 16.7 ± 2.0 247 2.5 0.3

S IV-8

OBSERVATIONS ON SURVIVAL TIME, SITES OF SEQUESTRATION, AND PRODUCTION

RATE OF PLATELETS IN IDIOPATHIC THROMBOCYTOPENIC PURPURA

Richard H. Aster, Boston, Mass.

It has been demonstrated that platelets thrombocytopenic purpura (ITP), but with

are destroyed prematurely in idiopathic available methods precise determinations of
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DEFECTIVE ADP-INDUCED PLATELET FACTOR 3 ACTIVATION IN UREMIA

Herbert I. Horowitz, Burton D. Cohen, Pablo Martinez, and Mitsu F. Papayoanou, The

Bronx-Lebanon Hospital Center, Bronx, N. Y.
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survival times were not possible when plate-

bet lifespan was less than 1 day. Accordingly,

platelet survival time was studied on 19

occasions in 13 patients with ITP using Cr51-

labeled platelets prepared in acid citrate.

Sites of platelet sequestration were deter-

mined by external scanning, and platelet

production rates were deduced from survival

times and platelet levels under steady state

conditions.

Platelet half-disappearance time ranged

from 3 minutes to 1.7 days, being shortest

in patients with lowest platelet levels. In 10

patients with platelets > 10,000/mm.3 plate-

let production was normal. In 4 patients

with platelets <4000/mm.3, platelet pro-

duction was 4-10 times normal (av. 6.5 X

N). With platelets > 10,000/mm.3, Cr51-

labeled cells were removed almost entirely

by the spleen. With platelets <4000/mm.3,

destruction was chiefly hepatic. With

4-10,000 platelets/mm.3, mixed splenic and

hepatic sequestration occurred. When plate-

let levels increased after steroid therapy

Patients with azotemia frequently have

bleeding syndromes which correlate poorly

with a variety of hemostatic defects. Most

often noted are a prolonged bleeding time,

suggesting poor platelet plug formation, and

impaired prothrombin consumption ascribed

to defective platelet factor 3 (PF-3) avail-

ability. Since adenosine diphosphate (ADP)

plays a central role in platelet plug for-

mation and is capable of increasing PF-3

availability, defective hemostasis in uremia

may be rebated primarily to impaired re-

sponse to ADP. A standard test for PF-3 ac-

tivation was developed incubating 150,000

± 30.000 platelets and 10 sg. ADP (2.1 X

10- � M) per cu. mm. of citrated plasma for

45 to 60 minutes at 37 C. PF-3 activity was

measured by a modified Stypven times test.

Platelet-rich plasma (PRP) from 46 normal

individuals on incubation with ADP in-

creased PF-3 availability to give Stypven

times of 22.8 sec ± 2.2 SD, while 18 azo-

temic patients showed impaired PF-3 acti-

the main site of platelet destruction changed

from liver to spleen in 2 patients studied.

Six patients splenectomized after study had

remissions, including one in whom seques-

tration was hepatic preoperatively. One pa-

tient relapsed after a response to splenec-

tomy, although initially platelet destruction

was mainly splenic.

These obses �‘ations indicate that in ITP

the site of platelet destruction shifts from
spleen to liver as platelet lifespan diminishes.

The organ sequestration pattern is related

to the severity of the disease rather than

to any difference in the nature of the disease

among individual patients.

In ITP, platelet levels are reduced to

about 10,000/mm.3 in direct proportion to

the shortening of platelet lifespan. The mar-

row appears capable of producing platelets

at up to 10 times the normal rate, but pro-

foundly reduced platelet levels (<4000/

mm.3) and active bleeding appear neces-

sary to trigger this compensatory increase in

platelet prodtiction.

S IV-9

vation with Stypven times of 33 sec ± 5.7

SD. PF-3 activation of uremic PRP by celite

as described by Spaet and Cintron was

usually normal. ADP-induced PF-3 ac-

tivation was defective when 10 per cent

uremic plasma or serum was added to nor-

mal PRP but was normal when urea was

added. Defective ADP-induced PF-3 of

uremic plasma could be reversed by in-

creasing Ca + + . suggesting that some sub-

stance competes with calcium for combina-

tion with ADP, a mechanism recently pro-

posed by Zucker et al. for inhibition of

ADP-induced platelet aggregation by

quanidino compounds. We have recently

isolated a new quanidinium derivative

identified as quanidino succinic acid (GSA),

exclusively from uremic urine. GSA at con-

centrations of 0.025 to 0.4 mM inhibits

ADP-induced PF-3 release of normal PRP,

an effect which can be reversed by addition-

al calcium. GSA may be the factor in uremia

responsible for disttirbed hemostasis.
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S IV-l0
CIRCULATING ANTICOAGULANT (ANTI-FACTOR VIII) TREATED WITH

IMMUNOSUPPRESSIVE DRUGS

Michael A. Goldstein, Lawrence Sherman, and Herbert S. Sire, Tufts Hematology

Laboratory, Boston City Hospital, Boston, Mass.

S IV-i1
CONSUMPTION COAGULOPATHY. SEQUENTIAL STUDIES IN A PATIENT WITH

KASABACH-MERRITT SYNDROME

Fedor Bachmann, Teresa Vietti, and Pan/a Kulapongs, Washington University School

of Medicine, St. Louis, Mo.

A number of reports have indicated that a

coagulation inhibitor antagonistic to the

action of Factor VIII occurs relatively fre-

quently and bears a significant mortality.

In addition to developing spontaneously in

otherwise healthy persons, this disorder is

seen in patients with hemophilia, postpartum.

and in a host of other conditions. A 2:1

male to female ratio exists when one ex-

cludes the cases where sex is predeter-

mined-i.e., pregnancy and hemophilia. An

autoimmune process has been suspected by

many as the etiobogic background, but the

exact mechanism remains to be elucidated.

Treatment with adrenocorticoids has been

only partially effective.

We have had the opportunity to manage

three such patients, all of whom responded

to immunosuppressive therapy. All cases

showed a long clotting time, long partial

thromboplastin time, positive test for cir-

culating anticoagulant, low Factor VIII
assay, inhibitory activity to added Factor
VIII. normal prothrombin time, and normal

assay of all other coagulation factors. The

first was a 60-year-old white man who

suffered from bulbous erythema multiforme.

He presented with hematuria and the bleed-

ing was poorly controlled on prednisone

alone. After 2 weeks of therapy with Imuran,

In an unparalleled opportunity, over 50

extensive coagulation profiles were per-

formed before, during, and after anticoagu-

lant therapy using heparin and warfarin in

an 8-year-old girl with intravascular clotting

(IVC) due to multiple hemangiomata,

complicated by chronic and acute hemar-

throsis.

In the absence of therapy, a “steady
state” of IVC was characterized by pro-
longed PTT, recalcification and thrombin

his clotting tests returned toward normal.

However, he refused to take the drug,

there was a relapse, and he expired from

a massive sublingual hematoma.
The second patient was an otherwise

healthy 61-year-old male who took a small

amount of nitrofurazone prior to the onset

of his bleeding disorder. He developed

massive sublingual and retroperitoneal hem-

orrhages. He failed to respond to massive

blood transfusions, high doses of corticos-

teroids, and large volumes of Cohns Frac-

tion I. However, 2 weeks after the start of

treatment with 6-MP clotting studies re-
turned to normal, and he is well 1 #{189}years

later on no therapy. The last case is that of

a 22-year-old woman whose bleeding dis-

order occurred one week postpartum. It too

was not controlled on prednisone but re-

sponded to immunosuppressive therapy with

6-NIP, and she remains normal at the end of

1 year.

These three cases lend support to the

concept that this disorder is one of the

many poorly understood conditions classified

as atitoimmune in nature. They also dern-

onstrate that immunosuppressive therapy

may play a significant role in the manage-

nient of this disorder.

times, Quick 16-24 per cent, fibrinogen

6-80 mg. per cent, plasminogen 0.4-0.5 U.,

shortened euglobulin lysis times, occasionally

positive fibrin plate tests and whole blood
lysis, large amounts of fibrin breakdown

products (FBP), Factor V 30-35 per cent,

Factor VIII 1-17 per cent. Prothrombin was

40-50 per cent, but Factors VII and X

were normal. Platelet counts were 21,000-

100,000.
During heparin therapy, the following
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tests normalized in the order listed: throm-

bin time, platelet count, disappearance of

FBP, fibrinogen levels, plasminogen. Fac-

tors V and VIII reached normal levels

only after 8 days. Warfarin was started

5 days before heparin was discontinued.

With Quick values between 12-22 per cent,

IVC was incompletely controlled. Fibrinogen

levels dropped to 105-130 rng. per cent,

Factor V to 60-70 per cent, and Factor

VIII to 10 per cent. Large amounts of FBP

reappeared, thrombin times were prolonged.

and plasminogen reduced to 0.5 U./ml.

Platelets dropped only slightly to 126,000-

180,000. IVC could be controlled when

Q uick values were maintained below 12

per cent (F. II 2 per cent. F. VII 4-7 per

cent, F. X 10 per cent). When warfarin

was discontinued, Factor VIII dropped first,

then thrombin times increased. Plasminogen

decreased and FBP reappeared before

fibrinogen levels and platelet counts de-

creased significantly. When replaced on

warfarin, platelets and fibrinogen rose first.

Factor V started to rise only after Factors

II, VII, and X were less than 15 per cent.

Factor VIII rose, FBP disappeared, and

thrombin time again normalized only when

Factors II, VII, and X were lower than

10 per cent.

Borderline normal platelet, fibrinogen and

Factor V levels in the presence of en-

hanced fibrinolytic activity were sometimes

observed when anticoagulation was subopti-

mal. The most sensitive indices for the

detection of continuous IVC during these

episodes were Factor VIII levels, thrombin

time, and the presence of FBP.

SIV-12

SPLEN1C SEQUESTRATION AND ABNORMAL RHEOLOCIC PROPERTIES OF ERYTHROCYTES

John R. Murphy, Cleveland, Ohio

The mechanism of splenic sequestration

of erythrocytes in hereditary spherocytosis

and the hetnogbobinopathies associated with

S and C hemoglobin have not been defined

In filtration studies of erythrocytes, Jandl

et ab. were not able to differentiate normal

cells from erythrocytes obtained from pa-

tients with hereditary spherocytosis except

for the small segment of the cells which

constituted the trail of the osmotic fragility

curve. Previous studies have shown the

marked increase in viscosity when eryth-

rocytes were in the sickled form, but the

mechanism whereby this process occurs in

the spleen is not known. The present study

is concerned with the conditions in the

spleen and the influence of these conditions

on the rheologic properties of erythrocytes

in hereditary spherocytosis and the hemo-

globinopathies associated with S and C

hemoglobin. The morphologic observations

of Weiss have indicated the degree of

deformabibity required of the erythrocytes

to pass through the splenic microcirculation.

Studies of blood obtained from human

spleens and direct observations of pH in

the spleen indicate that the pH in the

spleen is lower than in other tissues.

Rheologic properties of erythrocytes were

examined by viscosity determinations in a

cone-plate viscometer and estimates of de-

formability by filtration through microfilters

of uniform pore size. The viscosity and
deformability of erythrocytes from patients

with hereditary spherocytosis were similar
to normal cells at pH 7.4 but were signifi-

cantly different from normal cells at pH

6.8. The influence of pH on sickling has

been well defined. Erythrocytes containing

Hb C showed an increased viscosity and

were bess deformable compared to normal

cells.

These studies suggest that splenic seques-

tration of erythrocytes with abnormal rheo-

logic properties is related to both the micro-

circulatory structure of the spleen and the

influence of the low pH in the spleen on

the rheologic properties of the erythrocyte.
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