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M AMMALIAN BONE MARROW contains a considerable number of

small lymphoid cells ( small lymphocytes and small lymphocyte-like

cells ) . The total number of these cells ( 50,000 to 500,000 per Cu. mm)

depends on species, age and other factors.’6 The origin, function and fate

of these cells remain obscure in many respects.7’4 In’ particular, definitive

evidence is lacking on whether small lymphoid cells enter the bone marrow

from the blood, whether their origin lies entirely within the bone marrow,

or whether they arise by both processes. In addition, it has not been clearly

shown whether or not these cells may function as multipotential hemopoietic

stem cells. Results obtained from experiments with irradiated parabiotic ani-

mals15”6 and animals given regional fractionated doses of X-irradiation,’7

and transplantation of leukocytes from peripheral blood into lethally irra-

diated recipients18 afford indirect evidence that peripheral blood of mice

and rats may contain stem cells capable of DNA synthesis and division.

The present study was undertaken to extend experiments earned out in

this laboratory19’2#{176} and elsewhere.21’22 The blood flow in one hind leg of a

dog was completely clamped for a period of 40 minutes after injection of H3-

thymidine. In the human, this interval is long enough for almost all injected

thymidine to be either incorporated into DNA synthesizing cells or to be

catabolized.23 Clamping of the femoral artery plus application of a tourniquet

was found to be effective in preventing blood flow through the hind leg. After

release of the clamp, the incidence of labeled small lymphoid cells and

erythrocytic precursors in the bone marrow of the clamped leg was followed

with autoradiographs. No evidence was obtained for transformation of small

lvmphoid cells within 2 days into proerythroblasts or erythroblasts.

MATERIALS AND METHODS

Animals

Six Beagle dogs, male and female, 6-12 months of age, 8-15 kg. in weight, in good

health, wormed and immunized against distemper, were used. The dogs were killed at

various intervals following the administration of H3-thymidine, at 1, 2, 4, 6 (two dogs),
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and 16 days. The data of the dog given H3-thymidine 16 days prior to sacrifice are

presented in detail (figs. 1-4).

Surgical Procedure and Application of H’1-thymidine

The animals were anesthetized with an intravenous injection of a mixture of 1 part

pentothal ( 25 mg/mI. ) and 3 parts nembutal ( 60 mg./ml. ) . After surgical preparation of

the skin, a longitudinal incision was made in the interior median parT of the thigh of the

right hind leg, below the fossa inguinalis. The origin of the femoral artery and the

corresponding part of the vein were exposed. All small arteries originating from the
femoral artery in the operation area including the arteria femoralis profunda were

ligated. The femoral artery was clamped with two arterial clamps, whereas only one

clamp was used for the compression of the femoral vein. The operation area was then

covered with sterile dressings. A tourniquet was applied on the thigh immediately below

the surgical area in order to stop collateral circulation. After these procedures, the

hind leg became pulseless and cold. Immediately after circulation arrest was achieved,
H3-thymidine#{176} ( specific activity 1.9 c/mM., concentration 1 mc./ml. ) in a dose of
1 j.�c./Gm. body weight was injected through a sublingual vein. After 40 minutes, the

tourniquet and the clamps of the femoral vessels were removed; the pulse was palpable

almost immediately, and the skin temperature returned to normal in less than 5 minutes.

The surgical wound was closed.

Serial Bone Marrow Sampling

Bone marrow samples were aspirated from the clamped leg ( experimental bone mar-

row ) and from the unclamped leg or other parts of the skeleton with free blood circula-

Lion (control marrow) at 10, 20 and 30 minutes post-H3-thymidine injection. Then

clamps and tourniquet were removed and bone marrow aspirations were made at the
following intervals post-thymidine: 45 minutes, 1, 3, 7 and 14 hours; 1, 2, 3, 4, 5, 6, 7,

8, 9, 12 and 16 days. Sampling more than once at the same location was avoided for

both the control and the experimental marrows. This was obviously more of a problem

with the latter marrow, and, in order to mininlize any disturbance of the marrow architec-

ture, the following locations on the clamped leg were aspirated: 3-4 different areas of

the tibia, 1-2 areas of the fibula, calcaneus, talus and metacarpalia. Each time approximate-

ly 0.2-1 ml. of bone marrow mixed with blood were aspirated into a syringe containing

0.1 ml. of 1 per cent solution of EDTA in 0.7 per cent saline. Smears were made im-

mediately after aspiration. Venous blood smears were made at the same time. The prep-

arations were air-dried and fixed in absolute methanol for 15 minutes. The slides were

covered with liquid emulsion (NTB-2 Eastman Kodak Company), and exposed for 50

days for autoradiography. The developed, fixed and dried preparations were stained with

Giemsa, 1:20 buffered at pH 6.

Cell Counts

The number of autoradiographic silver grains over small lymphocytes, small lymphocyte-

like cells, and erythroblasts at different stages of maturation were recorded. Background

on each slide was corrected by counting grains over erythrocytes, which approximated

in size the small lymphoid cells. In erythroblasts, the background correction was done

in a similar way, the larger cell area being taken into account. In each bone marrow

slide, 100-250 small lymphoid cells were counted and the relative numbers of erythro-

blasts were registered. On peripheral blood smears, 100 small lymphoid cells were
counted.

#{176}Schwartz-BioResearch.
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Fig. 2.-Mean number of grains per labeled small lymphoid cell.

Morphologic and Tinctorial Characteristics of Small Lymphoid Cells

Small lymphoid cells of the bone marrow and blood smears, stained with Giemsa, show

nonuniform morphologic and tinctorial characteristics. Essentially two cell types may

be distinguished as follows:

a) Small lymphocyte: Nuclear diameter, 7-8 .�, corresponding approximately to the

diameter of a normal dog erythrocyte.24 Lymphocytes of the bone marrow are more uni-

form in size than those of the blood, the latter showing more variations and usually being

a little larger than those of the marrow (mean nuclear diameter 8-8.5 �, with individuals

up to 10 /L). The structure of the nucleus is coarse, pachychroinatic, sometimes mosaic-

like. The cytoplasm is scanty in the cells of the bone marrow (rarely more than 1 js in
width), and is a little more abundant in the cells of the blood, because of the larger

nuclear size (up to 2 � in width). The cytoplasm is of rather pale color, but in larger

cells the cytoplasm may be more basophilic.

b) Small lymphocyte-like cell: (“transitional lymphocyte” of Yoffey1 or “kleine lymphoide

Reticulumzelle” of Rohr.25 Nuclear size: 7-8 ,�, with very few variations in size. The

structure of the nucleus is finely granular, dense and leptochroinatic. The cytoplasm is

very scanty and often not readily visible. In some cells it may be just seen on a small

spot near the nuclear boundaries. The cytoplasmic basophilia corresponds to that of small

lymphocytes or may be a little more pronounced.
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Fig. 3.-Labeling of ervthroblasts.

Histologic Studies

Material for histologic sections and autoradiography was taken from the experimental
and control marrow, lymph nodes, thymtis and spleen immediately after sacrifice. Re-

sults of these studies will be presented at a later time.

RESULTS

Effectiveness of Clamping

In all six dogs, the clamping of the limb was clearly effective in pre-

venting blood flow. No labeled erythroblasts or other labeled cells were

found in the bone marrow samples of the clamped leg during the time of

clamping and up to 3 hours following injection of H3-thymidine. During the

same period of time, the erythroblasts of the control marrow were heavily

labeled.

Effect of Surgery, Clamping and General Anesthesia

The number of hemopoietic cells and their differential count in the experi-

mental and control marrow remained unchanged. Table 1 shows the number

of erythroblasts per 100 small lymphoid cells at all of the intervals tested;

erythropoiesis was not detectably disturbed. Signs of cell damage, such as

vacuolization of cytoplasm, bizarre tuiclear formation or mitotic abnormali-

ties, were absent from the hemopoietic cells of the clamped leg. The relative

amount of cellular debris was not greater in the experimental marrow than

in the control marrow.

Autoradio graphic Results

The data for the curves presented in figures 1 to 4 were obtained in a

single dog. The results plotted in figures 2 to 4 were representative for all

six dogs. It was necessary, however, to complement figure 1 with the addition

of figure 5, since the labeling index of small lymphoid cells was subject to

some individual variation.
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Fig. 4.-Mean number of grains per labeled erythroblast.

( 1 ) Labeling of Small Lymphoid Cells

( a) Labeling index (fig. 1)

The percentage of labeled small lymphoid cells in the experimental marrow

and control marrow as a function of time after injectiion of H3-thymidine is

shown in figure 1. The first labeled cells appeared in the marrow of both

the clamped and unclamped leg 3 hours after injection of H3-thymidine. Al-

though the two curves are very similar, the values in the control marrow

are higher (maximum peak of 30 per cent on day 7 vs. 21 per cent on day

6) . The percentage of labeled small lymphoid cells of the venous blood

are also presented in figure 1. The observed labeling pattern resembles very

closely that of marrow lymphoid cells.

The labeling indices of small lymphoid cells were very similar in two

dogs. In the remaining three dogs, however, the labeling indices in the

control marrow were significantly higher than those in the experimental

marrow. If the mean labeling index is calculated for all six dogs, the curves

of figure 5 are obtained. The curves of both the experimental and control

marrow have the same shape, with all points of the control curve beir�g

considerably higher than those of the experimental curve by day 1 and

thereafter.

(b) Mean number of grains per labeled cell (fig. 2)

The mean number of grains per cell appears to be similar in both marrows.

A peak mean number of 25 grains per labeled small lymphoid cell was ob-

served at 7 and 14 hours after injection of H3-thymidine. The values for venous

blood lymphoid cells are again very similar to those of the marrows. Between

3 hours and 3 days after injection of H3-thymidir�e, some labeled small

lymphoid cells of the blood and marrow had up to 100 grains.

(2) Labeling of Erythroblasts

(a) Labeling index (fig. 3)

The first labeled erythroblasts appeared in the marrow of the clamped
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Table 1.-Number of Erythroblasts per 100 Small Lymphoid_Cells

Time Experimental Marrow Control Marrow

_____ - 45mm. 520 990
1 hour 370 850

3 hours 460 120

7 hours 500 380

l4hours 815 60

I)ay 1 275 30

Day 2 34 200

Day 3 90 350

Day4 210 55

Day5 490 0

Day6 770

Day 7 0 770

Day8 525 0

Day9 205 0

l)ay 12 210 260

Day 16 275 400

- Sample without bone marrow cells.

leg 7 hours after injection of the precursor. The low labeling index of 2

per cent remained essentially unchanged thereafter. A maximum index of

9 per cent was observed on day 2, but this value was based on a poor

marrow sample consisting of only 32 erythroblasts. Erythroblasts of all

stages of maturation were labeled at all of the time intervals tested. It must

be stressed that no labeled erythroblasts appeared during the time of clamp-

ing and up to 3 hours following injection. In the control marrow, on the

other hand, 35 per cent of the erythroblasts were labeled 30 minutes after

injection. Subsequently, the labeling index rose to 85 per cent labeled erythro-

blasts at 14 hours; on day 3 the index started to decrease and reached zero

on day 16.

(b) Mean number of grains per labeled cell (fig. 4)

The mean number of grains over erythroblasts in the clamped leg was never

higher than 5. None of these cells, except one (an orthochromatic erythroblast

with 18 grains on a 7 hour slide), had more than 7 grains. Erythroblasts of

all stages of maturation contained grains; most of the cells with more than

4 grains were immature erythroblasts (basophilic erythroblasts and proery-

throblasts). The mean grain count of erythroblasts in the control marrow was

very high up to 24 hours, and it still was considerably higher than that of

erythroblasts of the experimental marrow at 2 and 3 days after injection of

H3-thymidine. The lowering of the control curve with time probably corres-

ponded to the dilution of the tracer by cell division.

DISCUSSION

Discussion and interpretation are based on assumptions discussed in earlier

publications,26’27 which may be summarized as follows:

(a) The availability time of H3-thymidine following in vivo injection is

brief, as it is in man.23
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Fig. 5.-Mean labeling index of small lymphoid cells for 6 dogs.

(b ) The amount of H3-thymidine used ( 1 uC/g body weight) , in tissue

culture, and in vivo, does not introduce ally detectable disturbance to the

physiological conditions.283#{176}

( c ) The bone marrow samples are representative and approximately uni-

form.

( d ) In most mammalian cell systems thymidine is not a natural precursor

of DNA. The incorporation of H3-thymidine into DNA depends, among other

factors, on the activity of enzyme systems that may not be the same in every

type of proliferating cell.

Origin of Small Lymphoid Cells in the Dog Bone Marrow

Three hours following injection of H3-thymidine, heavily labeled small

lymphoid cells appeared in the experimental bone marrow. Their labeling

index increased slowy up to the sixth day when a high peak of 21 per cent

was reached ( fig. 1 ) . The mean n�imber of grains per cell was high ( maximum

24 grains) up to the third day after injection of the precursor. Small lymphoid

cells with somewhat higher labeling indices and almost identical mean grain

counts were observed in control marrow and venous blood. In contrast to

the findings of Schooley et al.,31 no different labeling pattern of bone marrow

and blood lymphoid cells was found.

It may be concluded from these data that small lymphoid cells reach

the experimental marrow via the blood. If the mean labeling index of small

lymphoid cells is calculated for all six dogs, the difference between the

labeling indices of the experimental marrow and the control marrow is evi-

dent: a considerably higher percentage of small lymphoid cells was labeled

fri the control marrow. This means that the blood cannot be the only source

of dog marrow lymphoid cells. The most probable interpretation of these

data is that dog bone marrow contains two populations of small lymphoid

cells, one migrating into the marrow from distant sites via the blood stream,

the other originating by cell division or transformation from initially labeled

(unknown) precursors within the bone marrow. However, alternative explana-
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tions for this observed difference in labeling index must be considered:

( 1) A reduced influx of lymphoid cells into the experimental marrow

caused by a damage of blood vessels following the surgical procedure cannot

be excluded, although our data seem to stand against this interpretation. If

the circulation had been impaired, a very low incidence or even absence of

labeled lymphoid cells would have been likely in the experimental marrow.

(2) On the other hand, the observed influx of labeled small lymphoid

cells into the experimental marrow might be explained as partly or entirely

the result of damage to the marrow structure following serial aspirations.

Sections of tibial marrow from the experimental leg, however, showed intact

marrow structure in most areas. A somewhat higher concentration of labeled

small lymphoid cells was found in the parenchyma than in the sinusoids. If

the influx of labeled cells had been caused by damage to the marrow struc-

faire, a high incidence of labeled cells would have been expected in the

sinusoids, but this was not seen. In addition, there seems to be little doubt

that blood lymphocytes can enter into normal bone marrow parenchyma, as

has been shown by cross-transfusion of blood32 and by lymphocyte transfu-

sion.8’913

(3) Another possibility is that a transfer of labeled DNA or DNA nucleo-

sides may have occurred from unknown cells to small lymphoid cells within

the control marrow.

(4) It is possible that other factors (prolonged period of clamping, etc.)

or a combination of factors are responsible for this difference.

Our results are not in accordance with those of Osmond and Everett.22

These authors found very few labeled small lymphoid cells in the tibial

marrow of the initially occluded limb of guinea pigs, whereas a normally

high percentage was found in the control marrow. Their data suggest that

“newly formed small lymphocytes appear in the marrow as a result of the

division of locally-situated precursor cells, and that there is no large scale

influx of small lymphocytes from the blood stream.” It is difficult to account

for this discrepancy with their findings at this time. Species difference may

be responsible to some extent. On the other hand, it cannot be absolutely

excluded, as already mentioned, that the influx of small lymphoid cells in

the present experiments was caused by damage to the bone marrow struc-

ture. Experiments are under way to test this possibility.

The grain counts of the small lymphoid cells are too high to be explained

by re-utilization of DNA from blood cells or from other bone marrow cells.33’84

The site of origin of these migrated small lymphoid cells is as yet unknown.

Attempts have been made in studying this question by removal of either the

lymph nodes or most of the bone marrow. After extensive removal of bone

marrow, Steinberg and Martin35 observed a transient lyinphocytosis. Accord-

ing to their interpretation and to Yoffey,1 this lymphocytosis is due to an

accumulation of lymphoid cells in the blood, which otherwise would have gone

to the marrow. This observation would seem to favor the idea that lymph

nodes are a major source of bone marrow lymphoid cells, but other interpreta-

tions are possible. Direct evidence for this hypothesis is lacking since
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Biering36 was unable to demonstrate a decrease in the number of bone

marrow lymphoid cells after extensive removal of the lymph nodes. These

results obtained in rats may not be relevant to our work in dogs. The possi-

bility that at least part of the small lymphoid cells could circulate from bone

marrow to other sites of bone marrow cannot be evaluated at present.

The fate of small lymphoid cells after they enter the bone marrow is not

known. The behavior of the labeling indices and mean grain counts could

be explained by re-exit of the cells, by DNA-synthesis and division of the

cells within the marrow, or by cell death.

Two Types of Small Lymphoid Cells?

Small lymphoid cells of the bone marrow and blood smears, stained with

Giemsa, show morphological and tinctonial characteristics of two different

cell types : the small lymphocyte and the small lymphocyte-like cell. The

differentiation between the two cell types is difficult since intermediate types

occur. In the blood, however, there is a marked predominance of small

lymphocytes; in the bone marrow the total number of small lymphocytes and

small lymphocyte-like cells is about the same. Although the ratio small lym-

phocytes:small lymphocyte-like cells is completely different in the blood

and in the bone marrow, the autoradiographic behavior ( labeling index and

mean grain count) of all small lymphoid cells (sum of small lymphocytes and

small lymphocyte-like cells ) is very similar. Our data do not provide evidence

indicating two kinetically different cell types and fail to support the hypo-

thesis25 that the small lymphocyte-like cell ( “transitional lymphocyte” of

Yoffey1 or “kleine lymphoide Reticulumzelle” of Rohr25 might be a form of

reticulum cell not belonging to the lymphatic system.

Appearance of Label in the Erythroblasts of the Experimental Bone Marrow

The appearance of a few weakly labeled erythroblasts in the experimental

bone marrow 7 hours after injection of H3-thymidine remains to be explained.

The hypothesis of Yoffey that small lymphoid cells of the bone marrow are

stem cells and transform into other bone marrow cells, e.g., erythroblasts,

has been considered.37’38’39 During the first 2-3 days of the experiment, there

was no indication of a transformation of small lymphoid cells into erythro-

blasts. Special emphasis should be placed on the following findings:

(1) Weakly labeled erythroblasts appeared in the experimental marrow

shortly after the appearance of the labeled small lymphoid cells, the latency

being not more than 4 hours. It is highly improbable that lymphoid cells

could have reduced their labeling intensity by division’, and transform into

erythroblasts in such a short time. The generation time of erythroblasts in

the dog is about 10 hours.27

(2) Erythroblasts of all stages of maturation were labeled simultaneously

in the experimental marrow. This finding makes unlikely a stepwise trans-

formation of small lymphoid cells into first proerythroblasts, then more ma-

ture erythroblasts. The simultaneous labeling of erythroblasts at all stages

of maturation is however a strong argument for re-utilization of H3-labeled
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DNA or its breakdown products. According to Feinendegen,32’83 about 50

per cent of the thymidine utilized for DNA synthesis in bone marrow cells

arises via re-utilization of DNA thymidine.

( 3 ) The erythroblasts of the experimental bone marrow showed a very

low labeling intensity during the entire period of observation. This low mean

number of grains per cell which, with very few exceptions, was never higher

than 5, is also a strong argument for re-utilization of H3-labeled material.

Only exceptionally, erythroblasts with more than 7 silver grains could be

found in the slides of all six dogs. These erythroblasts or their precursors

reached the experimental bone marrow probably by migration via the blood

stream from another bone. In favor of this assumption is the presence of a

few labeled erythroblasts in few smears of venous blood found at different

times after injection of H3-thymidine. The erythroblasts of the control bone

marrow, on the other hand, were heavily labeled from 45 minutes to day 3

following injection of H3-thymidine, and their mean’ grain count was much

higher than that of the experimental marrow during this interval ( difference

statistically significant, p < 0.05). In addition, the number of labeled erythro-

blasts in the experimental marrow at any given time was very small.

On the other hand, the mean number of grains per labeled small lymphoid

cell in the experimental marrow was high from 14 hours up to 2 days following

injection of H3-thymidine. The values were almost identical for the experi-

mental and control marrows. If the mean grain counts of the erythroblasts are

compared with those of the small lymphoid cells of the experimental marrow,

from 7 to 48 hours after injection of H3-thymidine, it becomes evident that

the values for small lymphoid cells are statistically higher than those for

erythroblasts (p < 0.05 ) . From this it may be concluded that a transforma-

tion of lymphoid cells into erythroblasts did not occur during the first 2

days of the experiment. Such a transformation is even improbable on day 3,

where the mean grain count of small lymphoid cells began to decrease. No

comment is possible on later time periods after injection of the thymidine.

If transformation should take longer than 2 or 3 days, it would not have

become evident in this study.

In conclusion, our data suggest that dog bone marrow may contain two

populations of small lvmphoid cells, one population apparently of hema-

togenous origin, the other originating from local precursor cells in the bone

marrow. Under the conditions of the experiment, no evidence was obtained

that small lymphoid cells from the blood can transform into erythroblasts or

other hemopoietic cells within 48 hours. Harris36 showed that lymphoid cells

accumulate in the bone marrow of guinea pigs between 10 and 18 days

after lethal ionizing irradiation; this phenomenon preceded the recovery of

the myeloid and erythroid cells. Cudkowicz et al.3#{176}used bone marrow cells

to protect lethally irradiated mice and found that the capacity of the marrow

to repopulate hemopoietic sites depends on its content of small lymphoid

cells. These findings seem to implicate the small lymphoid cell of the bone

marrow as being in some way instrumental in repopulation of the bone marrow

of lethally irradiated animals.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/24/3/254/571771/254.pdf by guest on 19 M

ay 2023



264 KEISER, COTflER, ODARTCHENKO AND BOND

The present study was carried out essentially in a steady state of hemopoie-

sis. Further studies are under way to show if lymphoid cells of the bone

marrow transform into hemopoietic cells under pathological conditions, e.g.,

after irradiation or bleeding.

SUMMARY

The origin and fate of small lymphoid cells in the dog bone marrow were

studied autoradiographically by observing the effect of clamping of the

femoral artery during in vivo availability of H3-thymidine. Heavily labeled

small lymphoid cells appeared in the bone marrow of the clamped leg 3 hours

after injection of the tracer and increased in number up to 6 days. The

labeling indices of these cells, however, were significantly lower than those

of control marrow. A possible interpretation is that dog bone marrow con-

tains two populations of small lymphoid cells, one migrating into the marrow

via the blood stream, the other originating from local precursor cells within

the marrow. There was no evidence for a transformation of migrated small

lymphoid cells into erythroblasts during the first 48 hours after injection of

H3-thymidine.

Sim�tMARIo IN INTERLINGUA

Le origine e le destino de micre cellulas lymphoide in le medulla ossee del

can esseva studiate autoradiographicamente per observar le effecto de un

crampamento del arteria femoral durante le disponibilitate in vivo de H3-thymi-

dma. Fortemente marcate micre cellulas lymphoide appareva in le medulla

ossee del crampate gamba ties horas post le injection del traciator e cresceva

in numeros usque al fin de sex dies. Tamen, le indices del marcage de iste

cellulas esseva significativemente plus basse que illos de medulla de controlo.

Un interpretation possibile es que le medulla ossee del can contine duo pop-

ulationes de micre cellulas lymphoide, le un migrante ad in le medulla via le

circulation del sanguine, le altere originari ab local cellulas precursori intra le

medulla. Esseva trovate nulle evidentia pro un transformation de migrate

micre cellulas lymphoide ad in erythroblastos durante le prime 48 horas post

le injection de H3-thymidina.
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