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SUMMARY: We have shown in the rat and in man that it is possible to
Jetemmine the life span of autologous platelete and.to gquantify the
production of these circulating cells by injectingi; Se| -methionine and
analysing the overall platelet radiocactiviily curves obtained: plateleis

and their precursors are labelled in vivo by adsorption of circulating
plasma proteins onto their membrane, and in the marrow, principally during
synthesis of thrombosthenin. This last phenomenon takes place 2 to 3 days
befors platelet release into the rat blood circulation and 5 to 6 days in

the oase of man. When there is a greatly increased production, the maturation
time is slightly decreased.

[7580] -methionine has been used as a cohori label of the platelei
population, in order ito quantitatively measure the platelet production.
Several authors quantify thrombooytopoiesiz in man and animals by measuring
the rate of incorporation of this tracer in the circulating platelets, either
when radicactivity is at a maximum (1) or at the 24“l hour after its
infusion (2).

We are presenting here a study mf[7580] -methionine-~labelled platelets
in the circulation during their development and decay. The study has enabled
us to distinguish between platelets labelled by one or both of the following
iwo pathways: direct megakaryocytopoietic labelling from the injected
amino-acid analogue, and delayed labelling from the radicactive plasma
proteins. It permits us to determine the cell life span and to quantify
the production of these cells,

MATERTALS AND METHODS

Male Wistar rats weighing between 250 and 300 g were used. They were
fed on standard laboratory pellet food.{’“Se] -methionine (0.2-0.4 mCi/uM)
or methyl [?H -methionine were purchased from C.B.A., Saclay, and injected
through the tail vein in a dose of 5-10 ,uCi/100g body weight.

Blood samples were obtained by cardiac punctiure under etner anaesthesia
using plastio syringes containing acidified citrate solution (Aster's formulas
frisodium citrate 4.48g, Citric acid 2.73g, D-glucose anh., 2.00g, distilled
water 100 ml). One volume of anticoagulant was used for 9 volumes of blood.

5 to 7 ml of blood was then transfused to plastio tubes and centrifuged at
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400g for 10 minutes. The platelet containing plasma or supernstant was harves-
ted slowly, leaving the lower part, afier each cenirifugation., Platelet-rich
plasma was centrifuged at 1500g for 10 minutes and the platelet pellet washed
twice in 0.154 M NaCl containing 10% acidified citrate solution. The
haemoglobin concentration was inferior to 3.3 mg/ml and no leucocytes werse
visible by optical microscopy in any experiment.

Isolation of soluble platelet proteins: The platelet pellet was
resuspended in O0.15 M Tris-HCl pE 7.5 and fragmented by freezing and thawing
four times in liquid nitrogen. The homogenate was then centrifuged at 28,000g
for 30 minutes to remove intaoct platelets and debris.fel filtration of the
supernatant or of plasme samples was carried out at 4°C with Sephadex (200
(Phermacia, Uppsala, Sweden), using a column 350m long and 2.5 om in diameter;
elution was performed with O.1 M Tris-ECl pH 7.5, 1 M NaCl, at a rate of 15 or
20 ml per hour. Spectrophotometrio absorption at 280 nm and the radiocactivity
of each 3.5 ml eluate fraction were measured.

Fibrinogen was isolated by thrombin precipitation: thrombin (2 U/ml) was
added slowly to the first protein peak isolated from Sephadex chromatiography
or to plasma samples. The samples were incubated at 37°C for 30 minutes
and the clot was removed with & glass rod, weshed with distilled water and
dissolved in alkaline urea (6.7 M urea, 0.2 M NaCH); the O0.D. at 280 nm
and the radioactivity were then determined.

Thrombosthenin, a specific platelet protein, was extracted by the
technique described by Nachman et al. (3) and isolated by chromatography
on Sephadex G200, using 0.015 M Tris-HC1 pH 7.4, containing 0.6 ¥ KCl, in a
35 om long and 2.5 om diameter column. The 0.D. at 280 nm and the
radiocactivity of each 3.5 ml eluate fraction were measured. ~

In studies with humaen subjects 1.5 ,uCi/kg body weight of L}‘Sq] -me~
thionine was injected. The procedure of platelet extraction was similar to
that used after infusion of platelets labelled im viiro with f_“c:-] (4).

The radioactivity of the pellets obtained daily for 20 to 25 days was
measured and the appropriate corrections made for possible variations, from
one preparation to another.

[7‘89 was moasuied in a well-type scintillation oounter to an
scouracy of at least = and&?ﬁ] vas measured by liquid scintillation
with an accuracy of -~ 3%.

RESULTS AND DISCUSSION

A- Rat studies: We have chosen to use methionine as a tracer of
thrombocytopoiesis, since it is known that megakaryoocytes synthetize a
specific protein, thrombosthenin, whick represents 15 to 20 % of the
platelet proteins and is very rich in methionine (5)3 \7SSA} was used
ag & tracer, because of its physiocal properties (\‘enission, half-life)

which could enable its use in human pathology. However, it is known that

an amino-acid and its analogue could not be incorporated in the same manner
during protein synthesis, because the methionine-i~RNA synthetase does

not have the same affinity for the amino-acid and its analogue (6).

Using rats, we have compared the in vivo behaviour of {fsSé]-nothionino

and methyl.&?ﬂq -methionines the catabolism of the labelled proteins is the
same, 5.5 to 6% per day, reflecting the renewal of the methionine pool in
the organism (7). The rate of incorporation and the observed curves of
platelet-bound radioactivity are similar (Fig 1). The concentration of

the labelled plasma proteins in the intra~ and the exira—vascular spaces
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Fig 1.Changes in plasma (X - X) and platelet (. — .) radiocactivity with
times

(a) Methyl [ 3&] -methionine injected, (b) (fSSq] -methionine injected.
Each point Tepreserits the mean obtained for 10 rats.(=1 s. d.).

is the same, as was caloulated from the ratio of the levels of radioactivity
determined from the exponential curves of radiocactive decay (Fig 1). These
resultas justify the use Qf‘]sSQ] -methionine as a tracer for the physiological
study of thrombocytopoiesis,

Moreover, two hours after the injection of (75 Sa] -nethionine, 98.0:1.8%
of the radioactivity is bound to plasma proteins (fibrinogen and principally
albumin). After this, the specific plasma protein radioactivities decrease
(Fig 2, a and b). Two of the three isolated platelet protein fractions have
biochemical and immunochemiocal characteristics which identify them as
fibrinogen and albumin (8). The loss of radioactivity from these two proteins
(Mg 2, o and d), which are known to be adsorbed onto the plasma membrane
of the plateleis is identical to the loss of radioactivity from the two
similar plasma fractions. However, the increase in specific radiocactivity
leads to a maximum observed only on the 3‘-i day after the tracer infusion,
although the plasma protein radicactivity reaches a maximum as early as the 24
houry there is no decrease of platelet-bound albumin radioactivity afier
repeated waghings of in vivo-labelled platelets.

These resulits suggest that the adsorption of labelled plasma proteins
by the platelets occurs as the same time a&s liberation of these cells by the
bone marrow,
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Fig 2.Changes in specific radiocactivity of plasme proteins (X - X): (a)
fibrinogen, (b) albumin, and of soluble platelet proteins (. - . )1 § ) and
(d). Each point represents the mean obtained for three experiments (-1 s.d.).

We have isolated a third platelet proteic frastion, probably thrombosthenin
(8), which is synthetized by the megakaryocytes. No radicactivity was found
until 60 hours after infusion of the label, when an inorease of radicactivity
in this protein was noticed. The maximum value was attained at the 724 hour
and maintained until the 1924 hour, when radiocactiviiy decreased, suggesting
that the cells have a given life span which varies little.

These data suggest that some of the tracer is directly bound to the
maturing megakaryocytes, liberated into the circulating blood, as platelet
structural protein, and disappears at the time of cell death, Another fractiom
was radioactive plésma proteins, adsorbed onto the platelet membranes, the
cells continously being released from the bone marrow. This coating of
adsorbed proteins could possibly disappear randomly (exponentially), during
the cell's life in the blood circulation.

Eight days after the tracer infusion, all the initially labelled cohort
has disappeared, and the further decreass of the platelet radiocaciivity
indicates the removal of plasmt proteini the curve is described by an
exponential esquations

A(t) = Ae
where )\, the catabolic rate of the radicactivity adsorbed to the platelets,
can be experimentally determined, and A calculated.

B- Human studiew: Fig 3 shows the fate of plasma protein radioactivity
in one normal case (Fig 3,a) and in three pathelogicsl cases (Fig 3,b, o, d).
It is possible, on the same manner, to reconstitute the ocurve of platelet

»

radioactivity due to adsorption of plasma proteins oento the platelet membranes
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Fig 3.Fate of plasma protein radiocactivity (X - X), circulating platelet
bound radivactivity (» - .) and corrected platelet curve (o - o) in

one normal case (a), and in three pathological cases: case n° 9 (b), case
n® 15 (o) and case n°® 20 (d).
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Fig 4.03}‘1'01811011 between maximum plasma radioactivity obtained 3 hours
after ‘_ Se -meth:}onine injection and maximum plasma radicactivity
adsorbed en to 10™ cells.

and we have observed that there is a strict correlation (pg 0.01) between

the platelet-bound albumin radiocactivity at its maximum and the specific

radioactivity of the circulating plasma albumin at its maximum (Fig 4).
In 21 ocases, using this method, we have found & good reproducibility
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Table 1. Results obtained in 21 human cases. The diagnoses wers: chronio granulocytopenia (cases

n® 1 and 2), polyoythaemia vera ({**Plinduced remission) (case n° 3), acute myelogenous leukaemis
(oases n® 4, 5. and 14), intermittent thrombocytopenia (cases n® 6 and 7), primary chronio
erythroblastopenia (case n® 8), idiopathic thrombopenic purpura (cases n° 9,:10, 12 and 13),
constitutional thrombooytopenia (ocases n° 11, 15 and 19); bone marrow tuberculosis (cass n° 16),
?ongonitul ;hronboeytoponia (oase n® 17), aplastic anaemia (came n° 18) and primary thrombocythasmia
case n® 21).

Life spane vers determined by injected autologous (4) or isologous (I) platelets labelled in viiro

with |00 Ne, .
PLATELET = IFE SPAN (days) of ¥R _SPAN (days) of
BONE MARROW 2 PLATELET
PATIENTS COUNT Cri0,Na;labelled ,‘E Sa-lot labelled r
x10 "°/ 1 “GA,KMOCYTES i(’;ala‘!;elota platelets PRODUCTTON

n® 1 2133 ¥ - 8-9 0.0420.01
2 84 N - 9 -10 0.05+0.01

3 2524 N - 9 -10 0.0530,01

; 3023 A - g -9 0.04:0. 01
2352 N - -9 0.0430.01

6 2552 N 1 (1) 8 -10 0.0430. 01

7 3004 N - 9 -10 0.0530,01

8 2552 ¥ < 8-9 0.0520, 01

9 1133 2 221 (a 1 0.7330,03

10 120.5 2 221 (1 1 1.79%0.06
11 571 2 81 (1 1-2 0.14%0.06
12 1052 N 2% éxg 1 -2 o.16§o.05
13 1;;3 . s.& 24 (1 1= g 0.3030,05
14 132 or - 7- 0.0320.01
15 631 ¥ 931 (1 8-9 0.0120.005
16 531 N 831 éI 4-5 o.o1§o.ooé
17 221 ~ 621 (1 4-5 0.0120.005
18 7;2 ~ I 3-4 0.03:0.01
19 632 N 731 A; 7-8 0.0120.006
20 7634 P 31 (A 3-4 0.5430. 20
21 90-5 A 6=1 (4) 6 -1 0,32%0,12

*oxpnssed as the psroentage of the injeoted radioaoctivity.

of the results in the normel subjects (patients without haematological
disease). Moreover, we have found & good correlation between the platelet
number with their destruction and production rate (Table 1).

However, in 5 cases with splenomegaly, thrombocytopenia waw associated
with normal or subnormal platelet life span, and low methionine uptake,
expressed as a percentage of incorporation into the circulating platelets;
these facts cannot be interpreted as a production defect but as an abnor-
mality of the ratio of those circulating to those in marginal platelet
compariments, as has been clearly obmerved in hypersplenism (9). In such
patients, in which the platelet concentration in the bloed circulation
could not be a true representation of the total platelet volume, an
independant measurement of the platelet compartments is needed before
interpretating the results given by the(ﬁs Sé] -methionine kinetic study.

The method also enables the measurment of the time elapsing between
tracer infusion and the appearance of the labelled cohort in the circulation.
From our preliminary results, this time appears to be constant at 5 to 6 days
in normal subjects and in patients with production defects, but it decresased
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in those cases in which a hyperdestruction was proved. Such an approach to
the maturation defects of thrombocytopoiesis in man could be useful in
pathology.
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