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‘With the technical collaboration of F. Lapeyraque

I N A PREVIOUS PAPER4 it was observed that the lymph node cells of
C57B16 mice, intravenously injected at the same time as bone marrow

cells into F1 hybrids ( C57B16 x DBA2) after total irradiation with 500 r,

show intensive proliferation in the lymph nodes and the spleen, particularly

(luring the first 7 days following the injection. Subsequently the proliferation

diminishes; lytic processes are set in motion and by the 15th day the lymphoid

tissue becomes first hypoplastic and! then aplastic. In the genetic arrangement

used, the graft is immunized against the DBA2 antigens of the host, as shown

l)y the rapid death of the mice and the intensity of the basophilia of the

cells during the proliferative phase, when the cells often assume a plasmocytic

aspect without being real plasmocytes because they have no endoplasmic

reticulum.2 The host, however, is not immunized against the graft since it

�055C5SCS its antigen. Consequently we ventured to forward the hypothesis

that, under certain conditions ( particularly when it is relatively abundant, as

in the experiment described), the antigen may be noxious to immunologically

competent cells which are immunized against it.4 It was hoped that an in vitro

contact between the recipient’s antigens and the donor’s hemopoietic cells,

pre�’iotmsly immunized against them, might specifically destroy the immuno-
logically competent elements of the graft, thus providing protection against

the secondary syndrome. Consequently we treated F1 mice (C57B16 x DBA2),

irradiated with lethal doses, with bone marrow cells from C57B16 donors im-

munized against DBA2, kept in contact with DBA2 hepatic cells in vitro for

2 hours at 37 C. The frequency of the secondary syndrome was considerably

lower than that observed in animals irradiated with the same dose and treated

with fresh non-processed bone marrow cells; the frequency was equally low,

however, in a group of controls given bone marrow cells simply preserved in

a Tyrode solution at the same temperature (not published).

This observation raised the question whether simple preservation of hemo-

P�ietic cells at temperatures higher than 15 C. is by itself able to damage the
immunologically competent cells. If this is the case, we must consider the

(Itmestioll of its noxiousness to cells ensuring myeloid restoration. It is the
answer to this question that determines the practical value of the observation.

The present study was undertaken to establish whether preservation of
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ALLOGENIC MARROW TRANSPLANTATION 45

hemopoietic cells at given temperatures can reduce their noxious effect on the

host ( secondary syndrome ) more than it reduces their beneficial effect

(myeloid restoration).

MATERIAL AND METhODS

At two different temperature levels ( 18 C. and 37 C. ), we first established the duration
of preservation until 50 per cent of the hemopoietic cells suspended in Tyrode solution

stained with eosin.

The cells were suspended in the solution immediately after being obtained; they were
then preserved in rotating glass tubes under aseptic conditions at the above-mentioned

temperatures. Every 30 minutes a sample of the two suspensions was submitted to an

eosin test, i.e., the samples were poured into a solution of this substance ( 0. 15 gm! 100 ml.)
and the percentage of permeable cells was determined.

It was observed that, at 37 C., 50 per cent of cells took up eosin after 2 hours; at 18 C.,

this was the case after 6 hours. For our experiment we therefore accepted these two

modes of preservation; the various groups of animals were injected with the same number

of cells not taking up eosin, as were the controls.

Two experiments were carried out in succession.

( 1 ) The object of the first experiment was to establish whether preservation of hemo-

poietic cells by the above mentioned two methods can reduce the frequenc�’ of secondary

syndromes.

The following genetic arrangement was used. Recipients were F1 hybrid ( C57B16 x

DBA2) submitted to total irradiation with 500 r. The cells injected were fresh unpro-

cessed bone marrow cells, from donors of the parental line of C57B16, and lymph node

cells of the same strain, preserved by the above-mentioned two methods. The myeloid re-

storing power of the bone marrow was not affected in this way; the only cells affected

were those whose immunologic reaction against the host would, in this arrangement, cause

the death of the recipients within 20 days;4 the reduction of this mortality was the test

used.

The animals were aged 3 months; recipients and donors were of the same sex. Data on

total irradiation were: dose 500 r.; source 200 ky., 12 ma; distance 50 cm.; filters 0.5 mm.

Al, 0.5 mm. cu. The hemopoietic cells were injected 2 hours after irradiation; they con-

sisted of 10� bone marrow cells obtained by washing femur, tibia and humerus specimens

in Tyrode solution, and 2.5 x 10� lymph node cells prepared as follows. All the lymph
nodes were removed from the donors, cut up with scissors, filtered first through a metal

grid and then through cotton, and washed in Tymode solution.

(2) The above experiment, the chief advantage of which is its rapidity, demonstrated

that grafting of lymph node cells preserved for 2 hours at 37 C. reduces the frequency of
acute secondary syndromes. Other experiments were made in order to establish (a)

whether this preservation of cells also reduces the secondary syndrome complicating the

grafting of allogenic bone marrow, and (b) the extent to which it affects the myeloid-

restoring power.

(a) The genetic arrangement used in our attempt to answer the first question was the

following: F1 recipients (AkR x C3H), submitted to total irradiation with 950 r; cells

grafted were C57B16 bone marrow cells preserved as described above; the reduction of the
frequency of seoondary syndromes was studied by comparing the mortality among these

animals with that among controls given fresh unpreserved marrow.

The mice were aged 3 months. Recipients and donors were of the same sex. Total irradia-

tion was carried out under the above described conditions. The bone marrow cells (2 x

10� in number) were injected 2 hours after irradiation.

(b) In order to answer the second question we used the following genetic arrangement.
Recipients were F1 hybrids (CBA x DBA2), submitted to total irradiation with 950 r; grafted

cells were isogenic F1 bone marrow cells (CBA x DBA2), 106 in one series and 10� in the
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Fig. 1.-Comparison of mortality in the three groups of F1 mice (C57B16 x

DBA/2) receiving a radiation dose of 500 r followed by 10� bone marrow cells of
the strain C57B16. Each group also received 2.5 x I 0� cells from lymph nodes

of C57 B1/6 mice. However in the first group (T) the lymph node cells injected
were fresh ones, in the second group (B) after preservation for 2 hours at 37 C.,

and in the third group (A) after preservation for 6 hours at 18 C.

other, preserved as descril)e(l above. \Vc compared the percentage of animals without

myeloici restoration, which died within 30 clays of mycloid aplasia, with that of control
animals receiving isogenic hone marrow cells F1 (CBA x I)BA2) administered fresh in the

same closes without preservation.

RESULTS

(1) The first experimental group was used to study the incidence of lymph

node cell preservation relative to the acute secondary syndromes which they

caused in semi-allogenic recipients irradiated with a semi-lethal dose (fig. 1).

Control group T includes 25 F1 mice (C57B16 x DBA2) irradiated with 500

r and given 10� C57B16 bone marrow cells together with 2.5 x 10� C57B16

unpreserved lymph node cells. Five mice died before the 10th day, probably

of myeloid aplasia; the maximum survival was 34 days; the median was 13.5

days, and the mean 15.0 days; the confidence region (p = 0.05) is 12.1 days

17.9 days.

In group A, 28 F1 mice (C57B16 x DBA2), irradiated with 500 r, received

10� C57B16 hone marrow cells (unpreserved) with 2.5 x 10� C57B16 lymph

node cells preserved at 18 C. for 6 hours. One mouse (lied before the 10th

(lay; the maximum survival was 46 days, with a median of 19 days and a mean

of 29.1 days.

Group B included 25 F1 mice (C57B16 x DBA2), given 10� C57B16 tin-

preserved hone marrow cells and 2.5 x 10� C57B16 lymph node cells pre-
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served at 37 C. for 2 hours. Two mice died l)efOre the 10th (lay and 14 (lied!

between the 13th and the 59th day. The survival median was 25 days, and

the mean 26.0 days. Nine mice survived more than 100 days and were con-

sidered cured.

Comparison of these results indicates the efficacy of preservation of lymph

11O(le cells at 37 C. for 2 hours in reducing the mortality from acute secondary

syndromes. Comparison of the survival percentages in group B and! group T

shows a significant difference ( p < 0.01; x� 10.59 per 1 degree of freedom).

The mean survivals of animals which died from secondary syndromes were

significantly longer in group A and B than in group T ( p < 0.01).

No significant difference was found in the percentage of animals (lying be-

fore the 10th (lay lfl the three groups ( probably failure of myeloid restoration).

( 2 ) The second experimental series was used to study the incidence of

preservation of allogenic cells relative to the secondary syndromes caused by

large doses of allogenic hone marrow cells after lethal-dose irradiation-a

problem which closely approaches the conditions encounteced in clinical mcd-

icine.

Control group T consisted of 29 mice F1 ( Akil x C:3H ) , given irradiation of

950 r followed by injection of 2 x 10� C57B16 hone marrow cells not previously

preserved. Nine mice (lied before the 20th (lay, probably of myeloid aplasia;

of the 20 surviving mice, 18 died between the 21st and 53rd day after irradia-

lion; 2 survived beyond the 100th day. The survival median was 35 and the

mean was 35.4 days in the 18 mice which died after more than 20 (lays; the

confidence region ( p = 0.05 ) is 26.0 44.8 (lays.

In group A, 36 F1 mice ( AkR x C3H ) were submitted to 950 r irradiation and

received 2 x 10� C57B16 bone marrow cells preserved at 18 C. for 6 hours;

11 mice (lied before the 20th day; 24 (lied between the 21st and 66th day; 1

survived beyond the 100th day. The survival median in the mice which (lied

between the 21st and 66th day is 35 days, the mean being 36.3 (lays.

Group B consisted of 31 F1 mice (AkR x C3H), submitted to 950 r irradia-

tion and given 2 x 10� C57B16 bone marrow cells preserved at 37 C. for 2

hours; 11 mice died before the 20th day, and 8 died between the 23rd and

57th day; 12 survived more than 100 days and are considered cured. The stir-

vival median in the mice dying after the 20th day was 39.5 (lays, the mean

survival being 40.7 days, with a confidence region (p = 0.05) of 33.6 days

47.8 days.

These results show the incidence of preser��ation of allogenic bone marrow

cells relative to their ability to cause the secondary syndrome; preservation

seemed to have no appreciable effect on their value in myeloid restoration. In

fact, comparison between the percentage of deaths from secondary syndromes

and the percentage of survivals in group B (given cells preserved at 37 C.

for 2 hours) and that in group T (controls) reveals a significant difference

(p < 0.01; x2 = 10.98 per 1 degree of freedom). The same xmparison be-

tween group A, given cells preserved at 18 C. for 6 hours, and control group

T shows no significant difference.

Comparison between group B and group T as to percentage of deaths be-
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Fig. 2.-Comparison of the mortality in four groups of F1 (AkR x C3H) mice
irradiated with 950 r and injected with 2 x 1O� bone marrow cells of the strain
C57B16. In the first group the mice are only irradiated, in the second group (T) the
injected cells are fresh ones, in the third group (B) they have been preserved for 2
hours at 37 C., and in the fourth group (A) they have been preserved for 6 hours
at 18 C., prior to the administration.

fore the 20th day (probably due to failure of myeloid restoration) shows no

significant difference (x2 = 0.11 per 1 degree of freedom).

(3) The number of allogenic bone marrow cells given in this experimental

group (2 x 10�) exceeds the limited number required for myeloid restoration.

So as to be able to estimate with greater precision a possible loss of ability to

cause myeloid restoration entailed! by preservation of a graft, a third group

was used in the study of isogenic restoration by a small number of fresh or

preserved bone marrow cells.

In a first series we studied the effect, in terms of restoration, of 106 isogenic

bone marrow cells.

In control group T, 11 F1 mice (CBA x DBA2) received 950 r irradiation

and 10� unpreserved isogenic cells; 5 mice died before the 30th day-the

day considered the limit of deaths due to insufficient myeloid restoration.

In group A, 11 F1 mice (CBA x DBA2) were given the same irradiation and

106 preserved isogenic bone marrow cells (at 18#{176}C. for 6 hours); 4 mice died

before the 30th day.

In group B, 11 F1 mice (CBA x DBA2) were given the same irradiation and

10#{176}preserved isogenic bone marrow cells (at 37#{176}C. for 2 hours); 4 mice

died before the 30th day.
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Fig. 3.-Comparison of the mortality of six groups of F1 (CBA x DBA/2) mice
irradiated with 950 r and receiving either 106 or 10� isogenic bone marrow cells
which were either fresh (group T) or preserved for 2 hours at 37 C. (groups B) or

for 6 hours at 18 C. (groups A).

The comparison of these groups showed no difference in restorative value.

Since a graft of 10#{176}isogenic bone marrow cells was not the limit of possibil-

ities of myeloid restoration with an isogenic graft, we set tip a second series,

using grafts of 10� isogenic bone marrow cells.

In control group T, 29 F1 mice (CBA x DBA2) received 950 r and 10#{176}un-

preserved isogenic bone marrow cells; 8 died before the 30th day.

In group A, 29 F1 mice (CBA x DBA2) received the same irradiation and

10� isogenic bone marrow cells preserved at 18 C. for 6 hours; 7 died before

the 30th day.

In group B, 28 F1 mice (CBA x DBA2) received the same irradiation and

10#{176}isogenic bone marrow cells preserved at 37 C. for 2 hours; 12 died before

the 30th day.

Group B differs from group T in percentage of non-restored mice, butt this

difference is not statistically significant (x2 = 1.46 per 1 degree of freedom,

p > 0.10).

Preservation affects the restorative power of a myeloid graft but the effect is

inconsiderable, for it is manifested only in grafts of 10#{176}bone marrow cells

(limit of efficacy in restoring mice irradiated with lethal doses), and the

changes seen are slight and even disputable, because they are not statistically

significant.
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DIscUssIoN

The results obtained! can be readily explained if it is presumed that the

founder cells of the clones of immunologically competent cells are more sus-

ceptible, when preserved at 37 C., than the founder cells of the clones of

myeloid cells. In this way the same preservation may affect the ability of a

graft of lymph node cells to cause an acute secondary syndrome and that of

a large graft of bone marrow cells to cause a chronic secondary syndrome,#{176}

without greatly reducing the myeloid-restoring capacity of a graft containing

a limited number of bone marrow cells.

This interpretation of a selective effect of heat preservation on a particular

cell type in the heterogenous cellular population of a hemopoietic graft, how-

ever, cannot he accepted without a discussion of some alternative possibilities.

The first objection is that the function of myeloid restoration of a graft could

as �vell be affected by preservation as its capacity of immunologic response to

recipient’s antigens, hut that this effect is not appreciable in the results of

�ur experiments, made to estimate the myeloid-restoring power of a pre-

Serve(l graft, because the number of isogenic bone marrow cells injected (10#{176}

01 10 ) is still larger than the limited number required for myeloid restoration

after total irradiation. This hypothesis seems improbable. In order to accept it,

we must Ol)tain 100 per cent myeloid restoration in the control group receiv-

ing 10#{176}isogenic bone marrow cells. The fact that only 72 per cent of mice in

this group showed restoration seems to indicate that 10#{176}isogenic bone marrow

cells constitutes the limit of efficacy of isogenic myeloid restoration in F1 mice

(CBA x DBA2).

The second objection arises from the very conditions of the experiment. The

durations of the two modes of preservation by heat (18 or 37 C.) were chosen

because they allowed of obtaining cellular populations including 50 per cent

of cells which do and 50 per cent of cells which do not absorb eosin. Every

l)reserved graft of 10” cells believed viable because they absorb no eosin in
fact contains 2 x 10#{176}cells, of which 10” absorb eosin. The possibility remains

that tile cells absorbing eosin will prove to be viable and capable of prolifera-

tion “in vivo.”t

The good isogenic myeloid restoration obtained with preserved marrow,

therefore, may be attribumtable to this increase in the number of cells grafted.

It should be pointed out, however, that the same reasoning applies to semi-

allogenic lymph node or allogenic hone marrow grafts, injected in a number

of 2 x 10”, of which 10’ absorbed eosin. In these cases the possible increase

in the number of immunologically competent cells transfused, as compared

with that in control grafts of non-preserved lymph node or marrow, neither

enhances nor impedes the diminution of the frequency of resulting secondary

syndromes.

#{176}Van Bekkum’ also observed considerable diminution of the frequmency of secondary

syndromes in animals restored with hone marrow cells preserved at 4 C. for a few days.

fL. Schwarzenberg ( unpublished ) obtained mycloid restoration with grafts of bone

marrow cells preserved at -70 C. in glycerol which showed 100 per cent cosin absorption.
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The results obtained seem to indicate a difference in behavior between the

immunologically competent and the myeloid cells of a hemopoietic graft,

as a result of preservation at 37 C. for 2 hours. Accepting as a criterion of

function the faculty of giving rise to secondary syndromes in recipients for

the former, and the faculty of myeloid restoration in irradiated recipients for

the latter, the immumnologically competent cells prove to be more sensitive

than the myeloid cells to preservation at 37 C. for 2 hours, whereas preserva-

tiOlTi at 18 C. for 6 hours, which also entails 50 per cent eosin absorption, does

iiot seem to exert this selective influence, the mechanism and critical conditions

of which remain obscure.

Where marrow is transplanted in clinical circumstances the need for the

largest practical number of cells and the avoidance of the secondary syn-

(lrome� are vital hut conflicting considerations. However the data in this

i)�lPer suggest that incubation at 37 C. will be a valuable procedure, and that
the possible reduction of mveloid celh will be more than counterbalanced by

the depression of deleterious immunologic activity.

SUMMARY

Preservation of a graft of lymph node cells or senli-allogenic bone marrow

cells at :37 C. in Tyrode’s solution for 2 hours, which reduces the percentage

of cells not permeable to eosin by half, has a statistically significant reducing

effect on the frequency of acute or chronic secondary syndromes which occumr

in irradiated recipients. Preservation at 18 C. for 6 hours, which in the same

way increases the percentage of cells permeable to eosin, does not have the

same effect.

These two methods of preserving bone marrow cells do not appreciably

reduce the myeloid-restoring capacity d)f compatil)le or incompatible irradiated

recipients.

Application of these results to bone marrow grafting in clinical medicine is

discussed.

SUMMARIO IN INTERLINGUA

Le preservation de tin graffo de cellulas de nodo lymphatic o de cellulas

(le medulla ossee semi-allogene in solumtion de Tyrode durante 2 horas a 37

C (lo que reduce le procentage del cellulas non permeahile per eosina per

tin medietate) ha tin statisticamente significative effecto reductori super

Ic frequentia del acute o chronic syndromes secundari occurrente in reci-

pientes de irradiation. Le preservation a 18 C durante 6 horas (lo que aug-
menta le procentage del cellulas permeahile per eosina in le mesme maniera)

non exerce ille mesme effecto.

Iste duo methodos de preservar cellulas de medulla ossee non reduce ap-

preciabilemente le capacitate de restaurar lTfl eloidie die! parte die recipientes

compatibile o incompatibile de irradiation.

Le application de iste resultatos a! graffage die medulla ossee in Ic medicina

clinic es discutite.
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