LrukocyTE INHIBITION BY HUMAN SERUM

circulation from auxiliary stores, during hi-
bernal sleep might be considered. In contrast
to the hibernating hamster, the rabbit dis-
plays a decreased concentration of serum
beta-globulins and an elevation of gamma-
globulin during simple cold exposure(6).

Summary. 1) Alterations in various frac-
tions of serum proteins and hematocrits were
studied in hibernating and non-hibernating
hamsters. 2) During hibernation the hema-
tocrit, serum albumin and beta-globulins in-
creased to a significant degree. The increase
in beta-globulins was too large to be accounted
for on the basis of simple hemoconcentration.
Since concentrations of neither alpka, nor al-
phas-globulin increased, the data were inter-
preted to mean that total circulating quantity
of these globulins decreased. A marked de-
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cline in concentration of gamma-globulin oc-
curred.
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Human leukocytes can be isolated, incu-
bated in wvitro, and observed to incorporate
labeled precursor compounds into cellular pro-
tein, nucleic acid, and acid-soluble compon-
ents at rates characteristic of cell type and
maturity (4). Incorporation of formate(4)
and glycine(1) has been previously shown to
be significantly more rapid in Krebs-Ringer-
Bicarbonate-Glucose media than in normal
human serum, suggesting that serum may con-
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1938.
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tain inhibitors or dilutors of metabolic proc-
esses in which these precursors are involved.
These findings may suggest the presence of a
substance or substances in normal circulation
which regulate metabolic processes in leuko-
cytes. The physiological and clinical impli-
cations of such regulators might prove to be of
great interest. Further studies of the effect
of serum on formate and glycine incorporation
into normal and leukemic leukocytes iz vitro,
therefore, were undertaken.

Materials and methods. Separation, incu-
bation, and fractionation of leukocytes. Leu-
kocytes were collected in citrate-fibrinogen,
washed in saline, suspended in 1 ml of Krebs-
Ringer-Bicarbonate-Glucose (KRBG)$ me-

§ The following abbreviations have been used in
this paper: KRBG = Krebs-Ringer-Bicarbonate
supplemented with 3 mg/ml glucose; KRB = Krebs-
Ringer-Bicarbonate; GPF == gross protein fraction;
ASF — acid soluble fraction; CLL = chronic lympho-
cytic leukemia; CGL = chronic granulccytic leu-
kemia; and AL == acute leukemia.
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TABLE I. Effeet of Normal Human Serum and Serum Derivatives on Formate Incorporation
into Tutact Human Leukoeytes.

Tneubated cells

Gross protein
fraction,
9%, inhibitions
of formate

(0.5 10 1.0 X 10% cells, bhenkers (Final vol == 2.2 ml/beaker) uptake*
(A Chronie lvmphoeytie lenkemin Krebs Ringer hicarbonate 0t
[resh normal serum a7
Serum ultrafiltrate 40 §
Boiled serum nltrafiltratef 30§
(B Chronie granuloeytic Teakemia Krebs Ringer bicarbonate 0t
Serum ultrafiltrate! G4 §
Ether extract of 8, UF.## 6t
Ether residue of S, UK. ** 8§
(G Aeute gramuloeytie leukenin Krebs Ringer bicarhonate 0t
Fresh normal serum 30§
Serum ultrafiltrated 30§
Dialysatett 171
Residuett 0t

* 100 (1--incorporation in test media, incorporation in K.R.B.).
tp <01 in comparison with fresh normal serum or serum ultrafiltrate.
1 p <05 in comparison with K.R.B. of sime experiment using pooled replicate varianee for

experiment,

§ p <.01 for same.

¢ Fresh normal serum ultrafiltrated ot 4°C through eellophane membrane under pressure.

i Serum ultrafiltrate kept at 100°C for 30 min, and reconstituted to the original volume,

#Serum ultrafiltrate extracted with equal volumes of diethyl ether, the ether and agueons
layers brought to dryness amd cach reconstituted to original vol,

tt Fresh normal serum dialyzed against an equal vol of Krebs Ringer bicarbounate medium
and the dialysate tested. Residue was then dinlyzed against a large vol of water and the residue

tested.

dium(3) to which was added either 1 ml of
serum or serum ultrafiltrates or Krebs-Ringer-
Bicarbonate (KRB) media(3) and 0.2 ml of
a saline solution of formate-C'" (.67 pd. 2.0
uC).or glycine-1-C' (1.41 pML 2.0 pC). All
incubations were carried out in triplicate in-
cubations. usually for 4 hours. Each beaker
contained potassium penicillin G and strepto-
mycin sulfate in concentrations of 0.15 mg -
ml each. Separation of the gross protein frac-
tion and calculation of specific activity and
per cent inhibition were performed as previ-
ously outlined(4).

Results.  ‘Table 1 summarizes the results
of 3 typical experiments showing that the
presence of fresh normal human serum de-
creased formate incorporation into the gross
protein fraction (GPF) of various types of
leukemic leukocytes by 30 to 64% . This ef-
fect is due to low molecular weight compon-
ents of the serum since the activity passes
through a cellophane membrane during dia-
lysis or ultra-filtration. It is ether-insoluble
and heat-stable.

The time course of formate incorporation

into leukocyte GPF in the presence and ab-
sence of serum dialysate was found to be
linear with time in both instances, but to be
30¢% slower in the presence of the serum
dialysate (Fig. la). Fig. 1b shows incor-
poration of formate in a 4-hour incubation pe-
riod as a function of this amount of normal
serum in the incubation medium.

Table II shows that normal serum ultra-
filtrate decreases incorporation of glycine as
well as formate into the gross protein fraction
of chronic granulocytic leukemia leukocytes.
Studies with other protein and nucleic acid
precursors will be required to determine
whether the effects of serum are general or
limited to formate and glycine.

Table [T summarizes the data on the ef-
fect of normal human serum on formate up-
take by normal and leukemic leukocytes. It
is apparent from these data that all cell types
are decreased by normal serum to approxi-
mately the same degree.

It was of interest to determine whether
there are differences between the effect of se-
rum from various normal and pathological
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FIG. 1.

human sera on formate incorporation into dif-
ferent types of leukemic leukocytes. Pre-
liminary data bearing on this question have
been plotted in Fig. 2. These data include
sera from normal subjects and from patients
with various types of leukemia, lymphoma,
lupus erythematosus, and other hematologic
diseases. The categories tend to overlap con-
siderably. However, 17 serial observations
using one normal subject’s sera on various
cell samples representing the 3 major typs of
leukemia have a mean inhibition of formate
incorporation into leukocyte gross protein
fraction (46.1%) which is significantly (p<
.05) more pronounced than that of the 16
serum samples from patients with various
types of leukemia (33.0%). Rather low lev-
els of inhibition were obtained with serum
from occasional cases of leukemia and lymph-
oma. Formate uptake appeared to be inhib-
ited to a greater than normal extent in sera
from 2 patients with lupus erythematosus.
Such inhibition might, of course, be of a dif-

ferent type than the inhibitory activity noted
in normal sera. Inhibition by sera from a
number of other patients of various types was
within normal limits.

Discussion. The present studies must be
considered preliminary, but they strongly sug-
gest the presence in normal serum of a heat
stable, ether insoluble substance or substances
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TABLE 11. Effect of Normal Serum Ultrafiltrate on Precursor Incorporation into Gross Pro-
tein Fraction of Chronie¢ Granuloeytic Leukemia Ieukoeytes.

pM X 10-%in-
corporation pre- % inhibition Significance
Precursor compounds cursor/mg G.P.F. in serum of differcnce
(.1 mg/beaker) in K.R.B.G.* ultrafiltratet from K.R.B.}
Formate-C* 240 56 <.01
Glycine-1-C 4440 275 30 <.05

* Mean =+ stand. dev. of 3 replicates. t % inhibition — 100 ( 1-

Ineorp. in test media )

[neorp. in K.R.B.

} Caleulated from pooled intraprecursor stand. deviations.
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TABLE IIL. Inhibition of Formate Incorporation
into Teukemic T.eukoeytes by Normal Tluman

Serum.
Cell type
CLI1. CGT. AT.
No. of cell donors 5 4 4
M formate incorpor- 266 11 295 105 709 152

ated/mg protein*
% inhibition by
normal serum

13 24 38 26 4818

* Mean =+ stand. dev.

of relatively low molecular weight. which in-
hibit incorporation of radioactive formate and
glvcine into the gross protein fraction of all
types of leukemic leukocytes to an appreciable
and approximately equal extent. It appears
that sera from some cases of leukemia demon-
strate a decrease in this inhibitoryv effect.
Whether such a decrease is secondary to the
disease process or plays some part in patho-
genesis is unknown.

A possible explanation for the inhibitory ef-
fect is the presence in serum of formate.
glycine, or other nucleic acid precursors which
effectively dilute out the added radioactive
precursors. On the other hand, it is also pos-
sible that a metabolic inhibitor or regulator

DEePLETION OF CARDIAC GLYCOGEN

may be present. If the observed inhibitor ac-
tivitv were ultimately proven to represent a
substance active in the normal regulation of
leukocyte production or activity, one could
speculate further regarding a possible role in
pathogenesis of leukemia, as has been sug-
gested by Osgood(2)

Further studies are being made.

Summary. The presence of one or more
chemical substances in normal and pathologi-
cal human sera capable of decreasing the rate
of incorporation of formate and glycine into
human leukemic leukocytes i vitro has been
shown. Human leukemia sera as a group
demonstrated a slightly subnormal inhibitor
activity.
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Tn preparation for a study of factors re-
lating to synthesis of glycogen by the ven-
tricle of perfused frog’s hearts. it was desirable
to produce a functioning heart depleted of
ventricular glvcogen. The purpose of the
present report is to describe the method used
to produce such a heart and to call attention
to a phenomenon which served to indicate
when the ventricle was free of glycogen.

Methods. North American bullfrogs weigh-
ing 250-450 ¢ were anesthetized by intraperi-
toneal injection of 20 mg sodium pentobar-
bital/100 g frog weight. The heart was ex-

* Research Fellow of Nat. Fn. for Infantile Paraly-
sis, Yale Univ. School of Medicine.

posed through a ventral midline incision, the
circulation being left intact. After removal
of the pericardium. the frog was placed in an
airtight glass chamber where physiological
<alt solution(1) to which epinephrine was
added in concentration of 1/500,000 dripped
on the heart at a rate of 12-15 drops/min.
The air in the chamber was then displaced by
1009% N. and the chamber sealed tight.
Though respirations ceased the heart contin-
ued to pump blood. After the desired time
interval ventricular glycogen was determined
by the method of Good, Kramer and Somogyi
(2).

Results. After 0.5-4 hours in the chamber,



