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I NTRAVENOUS ADMINISTRATION of cellular suspensions of homo-
logous bone marrow induces recovery in a number of animal species

after exposures to radiation that otherwise would prove lethal in a few days

because of marrow failure.1-4 In some species (rodent1’2 and canine3’5) this

recovery from the acute effects of radiation and re-establishment of marrow

function are followed by a high percentage, 20 to 100 per cent, of late deaths.

These occur in from 5 to 15 weeks and are apparently due to an immunologic

reaction of graft versus host or of host versus graft6-8 or perhaps to a simple

failure to regain immunologic responsiveness to endemic disease.5’9

It might have been predicted from the studies on immunologic tolerance

in fetal tissues1#{176} that the use of fetal hematopoietic tissue rather than adult

marrow would diminish the incidence of these delayed deaths. Preliminary

evidence in a few strain combinations in mice”-’3 has substantiated this

point of view and has lent renewed pertinence to the problem of collecting

and storing human fetal hematopoietic tissue.

The phenomena of delayed deaths in general, after radiation and marrow

replacement, and our current lack of evidence for their occurrence in man

have been discussed elsewhere.5’14’15 The possibility of their eventual demon-

stration in studies currently undertaken in critically ill patients is nonetheless

real. An investigation therefore has been made of the availability of human

fetal tissues, their approximate content of hematopoietic cells, the safety

of their intravenous infusion, and the applicability to them of the current

technics of glycerol-low temperature preservation.

RESULTS

Marrow From Fetuses at Term

We have in the course of the past two years removed marrow from the

ends of the long bones of 10 term or near-term human fetuses. The number
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of nucleated marrow cells obtained per fetus has been of the order of 1

to 2 billion. Differential counts have not indicated that this marrow has

significantly more stem cells than adult marrow. Marrow from a term fetus

has been infused into one patient without immediate clinical evidence or

late autopsy evidence of pulmonary embolic disaster.16

Gomment.-We have not found it possible to set up locally or in a large

metropolitan area (Boston) a supply service that would provide marrow

from more than one or two term fetuses per month. Fetal cadavers that

are suitable as marrow donors are not of frequent occurrence in this age

group. The amount of marrow obtainable per fetus, 1 or 2 billion cells, is

not impressive. It does not appear to have a high percentage of stem cells

of potential exceptional value in repopulating marrow spaces. Although it

can be infused without apparent unusual hazard to the patient, it has not

been tested extensively in vivo.

From the fact that the human fetus is relatively well differentiated by

the end of the second trimester it might be presumed that marrow obtained

at term will have little immunologic or hematopoietic advantage over adult

cadaver marrow. We have accordingly placed more emphasis on the problem

of collecting and storing fetal hematopoietic tissue from fetuses in the age

group 12 to 20 weeks.

Hematopoietic Tissue From Fetuses at 12 to 20 Weeks of Gestation

Hematopoletic tissue from the liver and spleen of a newly dead fetus

of 20 weeks gestation was prepared for intravenous infusion by mincing

the hematopoietic organs with scissors and passing the minced tissue through

a series of increasingly fine screens,17 of porosity 1360, 630, 307, 201, 140 and

86 microns, respectively. The screened minced tissue was resuspended in TC

199#{176}and 5 per cent human albumin and passed through a screen of 43

micron aperture. The final suspension contained approximately 0.4 billion

liver parenchymal cells, 1.0 billion liver hematopoietic cells, and .03 billion

splenic cells. This suspension was infused slowly over a 45 minute period

without evident clinical event. Postmortem examination of the recipient 9

days later also failed to disclose embolic or other untoward result potentially

associable with cellular infusions.14 It seemed reasonable, therefore, to em-

bark upon a program of collecting and storing the livers and spleens of fetuses

in this age group, in which the chief, if not the sole, hematopoietic activity

resides in these organs. Furthermore, the degree of immunologic immaturity

might be such as to permit active acquisition of tolerance by the graft and

the circumvention of at least one form of delayed marrow death, the re-

action of graft against host.

Minced and screened fetal liver and spleen were suspended in a series

of dilutions of glycerol and human serum, type AB; 10 minutes at room

temperature were allowed for equilibration, and then the several aliquots

were cooled to -70 C. in dry ice at a rate not exceeding 2 or 3 degrees

per minute during the first 20 to 30 minutes. After a period of 6 weeks’

#{176} Associates, Inc., Bethesda, Md.
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TABLE 1.-Radioactivity of Thymine Isolated from Cellular Suspensions of Human Fetal

Spleen and Liver after Incubation with C”�-Formate18

Samples

Glycerol and
Time of Fr

Serum

Serum Conce
eezing (V/V

ntrations at
Per Cent)

Glycerol

Radioactivity
(Counts per Minute

per Micromole
of Thymine)

1 10 0 16

2 10 7 1430

3 5 7 2680

4 5 12 3580

5 10 15 6510

6 10 9 769

The cellular suspensions had been frozen in a mixture of TC 199, glycerol and serum

and stored at -70 C. for 6 weeks. Before incubation with formate the samples were

thawed and the glycerol removed.21’22 Carrier, approximately 3 to 1, was added during

the isolation of thyrnine from DNA.’821 Synthesis of thymine is taken to be an indication

of viability.

storage at -70 C., the specimens were thawed, deglycerolized and incubated

with C14-formate or with tritiated thymidine. Thymine was isolated for

measurement of radioactivity,’8 and radioautographs’#{176}’2#{176}were prepared of

smears of the cells incubated with tritiated thymidine. Table 1 lists the

results obtained with C’4-formate. A fair rate of DNA synthesis indicating

viability,22 6000 counts per minute per micromole of thymine isolated, sample

5, was found in cells that had been frozen in 15 per cent glycerol and 10

per cent serum.

Figure us a photomicrograph of cells incubated with tritiated thymidine.

Not all cells showed radioactivity but the evidence of radioactivity in many

immature hematopoietic cells was of the order observed in normal cells not

subjected to the trauma of freezing and thawing.

These preliminary observations appeared consistent with studies that

have shown 15 per cent glycerol and 10 to 50 per cent human serum to be

good concentrations of glycerol and serum for low-temperature preservation

of adult marrow.21-24 A procedure was therefore set up using 5 ml. of this

vehicle (15 per cent glycerol, 50 per cent human serum type AB, 35 per cent

Hanks’ solution) contained in steam-sterilized small (15 ml.) siliconed, screw-

capped glass vials. These vials were placed at the bottom of quart thermos

bottles, 3 vials per thermos, covered with cracked dry ice to capacity, and

the thermos stoppered and capped (with a safety string protruding to per-

mit escape of CO2 gas). Two thermos bottles were packed in excelsior

in a small insulated shipping case and the case sent by air to gynecologic

and obstetric centers in which operative therapeutic abortions in the 12 to

20 weeks’ gestation period are not uncommon.

At these centers the vials were removed and set in the ice box (4 C.).

At the time of operative intervention the fetus was opened sterilely, the

liver and spleen removed and placed in one of the vials. The tissue, 1 to

5 Gm., was minced with a sterile scissors to fragments 1 or 2 mm. in diameter

and the sterile vial cap replaced. Ten minutes was allowed for equilibration

with glycerol and serum at room temperature. The vial was wrapped in
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#{176}Stabilo Thermos, AB Nordiska Kompaniet, Stockholm, Sweden.

fAistermo Bruk insulated picnic case, AB Nordiska Kompaniet, Stockholm, Sweden.

0
Fic. 1 .-Photomicrograph prepared from a radioautograph of human fetal hematopoietic

cells from the liver and spleen of a fetus of approximately 12 weeks’ gestation. The fetal

cells, fresh from the cadaver, had been frozen in 15 per cent glycerol and 10 per cent

serum at -70 C. for 6 weeks. They were then thawed and the glycerol was removed.

After incubation for 2 hours at 37 C. in 50 per cent serum-Hanks’ solution, containing 0.5

microcuries of tritiated thymidine (0.36 C./mM.), the cells were washed three times in

5 per cent serum-Hanks’ solution, smeared on a glass slide and covered with British

Kodak radioautographic stripping film. Two weeks later the film was developed and the

specimen was stained. The small dense black spots in the area of the nuclei are silver

granules of photographic emulsion in the film overlying these cells. The cells lie be-

neath the photographic emulsion and are slightly out of focus. These granules are

taken as evidence that radioactive thyrnidine had been incorporated into DNA during

thc 2 hours of incubation at 37 C. This metabolic event is taken as an evidence of

viability retained after storage at -70 C.

Kleenex to slow the rate of freezing,2’ placed at the bottom of a thermos and

covered with cracked dry ice. The vial was then maintained continuously at

-70 C. during storage and shipment.

It was found that a quart thermos of suitable design#{176} accommodated 3

vials and sufficient superimposed dry ice to permit maintenance of a tempera-

ture of -70 C. for 72 to 96 hours during air shipment in the insulated case.f

Six vials, each containing a fetal liver and spleen so obtained, frozen and

shipped, were thawed briskly in water at 37 C. Samples were taken for

bacterial culture, and the glycerol concentration of the remaining portion

of each vial was reduced by placing it in a sterile beaker and adding 2.5 ml.

of 35 per cent glucose, followed in 2 minutes by 7.5 ml. of normal saline,

followed again in 2 minutes by 15 ml. of normal saline.21’22 The tissue was
worked into an essentially unicellular suspension by repeated gentle passage

through a series of screens of graded porosity (1360, 630, 307, 201, 86 and 43
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microns respectively. ) 17 The suspension was centrifuged (1000 rpm for

10 minutes, Internation Centrifuge, head number 269). The supernatant was

discarded, and the cells were resuspended in TC 199 and 5 per cent human

serum. This resuspension was infused intravenously after being pooled with

similarly prepared suspensions from the other 5 specimens.

The patient to whom the infusion was given was in terminal condition

from uremia and postradiative failure of marrow function. No immediate

clinical signs of untoward event accompanied the infusion. No embolic

phenomena were observed at autopsy 5 days later.#{176} The samples of fetal

tissue that had been taken for bacterial study showed no growth.

DISCUSSION

These preliminary observations demonstrate that hematopoietic tissue

(livers and spleens) from fetuses in the age group 12 to 20 weeks can be

collected conveniently under sterile precautions and stored in glycerol and

serum at low temperature for a number of weeks. The stored specimens

have shown evidence of preserved viability on the basis of their continued

ability to synthesize nuclear nucleic acids (DNA) when thawed and de-

glycerolized some weeks later.

Suspensions, essentially of single cells, have been prepared from thawed

frozen material or from fresh tissue and infused intravenously in the human

patient without evident untoward event. From studies in dogs,25 however,

we are impressed with the necessity for carefully screening and washing

suspensions of fetal spleen and livers before injecting them intravenously.

Care is essential, otherwise fatal acute pulmonary emboli do occur.

Presumably immature fetal “marrow” has immunologic and possibly

hematopoietic advantage as compared with adult or term fetal marrow. It

may be able to acquire tolerance to its host,”’3 and it may have greater

growth potential. Its continued assay for these potentialities in man appears

feasible and within the interests of certain patients, primarily those who

have been victims of radiation disasters or those who have received exceptional

amounts of whole-body irradiation as part of their medical treatments.

SUMMARY

Livers and spleens from human fetuses in the 12 to 20 weeks’ gestation

period were preserved in a sterile condition in glycerol and serum at -70 C.

for periods of several weeks. Studies of DNA synthesis rates with C’4-formate,

and radioautographs after incubation with tritiated thymidine, revealed that

hematopoietic elements concentrated in these tissues at this stage of gesta-

tion maintained their viability during these periods of storage. Intravenous

infusion of cellular suspensions prepared from stored frozen tissue, or from

fresh tissue in this same age group, produced no observed untoward clinical

event in the three patients studied.

Some of the arguments favoring the use of fetal hematopoietic tissue,

#{176}We are indebted to Drs. J. P. Merrill and Gustav Dammin, Peter Bent Brigham

Hospital, Boston, Mass., for opportunity to join with them in their studies of this patient.
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in contrast to adult marrow, in the attempt to restore marrow function

after radiation injury are briefly reviewed.

SUMMARIO LN INTERLINGUA

Hepates e splenes ab fetos human in le periodo gestatori de inter 12 e 20

septimanas esseva preservate in stato sterile in glycerol e sero a -70 C durante

plure septimanas. Studios del synthese de acido disoxyribonucleic, effectuate

per medio de formato a C14 e radioautogrammas post incubation con thymidina

tritiate, revelava que le elementos hematopoietic concentrate in tal histos al

mentionate stadio gestatori mantene br viabilitate durante le periodos de

magasinage hic empleate. Le infusion intravenose de suspensiones cellular

preparate ab magasinate histos congelate o ab histos fresc del mesme etate

gestatori produceva nulle observabile adverse effecto clinic in le tres patientes

studiate.

Es presentate un breve revista de certes del argumentos pro preferer le

uso de histos hematopoietic fetal al uso de medulla adulte quando on se trova

confrontate con le problema de restaurar le function medullari post injurias

per irradiation.
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