
Treatment of Hereditary Spherocytosis in Peroinyscus by

Radiation and Allogeneic Bone Marrow Transplantation

By DAVID STEIN�IuLuo1 AND AmINO C. M0TULSKY

N INHERITED DISEASE of the bone marrow identical in its patho-

physiology to human hereditary spherocytosis has been described in the

deer mouse, Peromyscus maniculatus.1 The pathology and hematology of the

syndrome have been presented in detail elsewhere.2 In the mouse, as in man,

the red cells of affected individuals are spherocytic, show increased osmotic

fragility, and have a greatly reduced lifespan. Transfusion studies with Cr51-

Ial)eled red cells demonstrated that although the genetic lesion affects the

erythrocyte, the spleen is the instrument of increased blood destruction.2

Excessive hemolysis of the defective spherocytes results in intense though

transient jaundice at birth and marked splenomegaly and increased gallstone

production in the adult. Significant anemia does not occur because of ex-

tensive compensatory erythroblastic hyperplasia in the bone marrow reflected

by marked reticulocytosis in the peripheral blood. The defect is transmitted

by autosomal recessive inheritance in the deer mouse3 in contrast to human

hereditary spherocytosis which is determined by a dominant gene.4 Neverthe-

less, the striking similarity of the syndrome has provided an experimental

model system for the study of chronic inherited diseases of the erythron.

The confinement of genetically abnormal tissue to one organ such as the

bone marrow offers a direct approach to therapy by means of organ replace-

ment or tissue transplantation. A major obstacle to this approach, however,

is that when donors and recipients of consonant histocompatibility types

are not available, as is usually the case, the l)arriers of transplantation

immunity must be overcome.

Pcromy.scus are not inbred and consequently exhibit individually-specific

histocompatibility reactions as might be found in a human populatioii. Skin

grafts exchanged between full siblings as well as between unrelated colony-

mates are rejected within 3 weeks. Clearly, in order to replace permanently

the defective marrow of spherocytic deer mice with healthy cells obtained

from normal animals, some means of inducing immunologic tolerance to

tissue allografts is obligatory. The classic method of inducing tolerance by
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HEREDITARY SPHEROCYTOSIS IN PEROMYSCUS 321

inoculating allogeneic cells at birth was attempted previously with limited

success.5 Most treated deer mice survived the procedure, but only a fifth

were completely transformed from mutant to normal phenotype. The present

experiments were designed to test the feasibility of whole-body irradiation

followed by marrow infusion as the tolerance-conferring stimulus. The goal

was to produce permanent radiation chimeras consisting of mice of the

spherocytic genotype with a functioning erythron derived from normal, wild-

ty pe donors.

MATERIALS AND METHODS

Deer Mice. The animals used in these experinients were the cage-born descendants of

wild mice of several sul)species of Peromyscus inaniculatus trapped in widel�’ separated
geographic areas. Their variable origin and subsequent random interbreeding in the

laboratory can be assunied to l)e responsible for the heterogeneity of liistocompatil)ihtv

ty pes found in the colony. The spheroc�tic mutation was originally discovered in a
relatively smnall number of mice.1 The subsequent mating of these individuals produced

offspring breeding true for the mutation, demonstrating its recessive nature. Ileterozvgotes

for the spherocytic gene cannot be distinguished phenotvpicallv fromi homozvgons nornial

wild types.2 Conseqtmenth’ mice referred to as “normal” in these studies niav be either

heterozvgous or homozygous. All stmbjects ranged in age from 2 to 6 months at the start of

the experimnent. Radiated recipk’nts were kept in groups of four of conimomi sex per cage.

At no time was antil)iotic or other chemotherapy instituted. As the exclusive use of one

sex was not practicable. a deliberate attemiipt was made to use equal numbers of niales and

females in all tests. Sex differences apparemitlv have little effect on the outcome of experi-

ments to produce radiation chimeras.n
Skin Grafts. All skin grafts were rectangles of split-thickness belly skin approximately

12 X 16 mm. transplanted orthotopicallv to the thorax by the technic described by

Billinghain.T The end-poimat of survival time was taken to be the day on which the

entire graft surface was completely escarifled.

Irradiation. X-irradiation was delivered by a Ceneral Electric Maxitron Therapy Unit

operated on 200 kv. and 30 ma. with added filtration of 0.25 mm. copper and 1 mm.

alunaimaum yielding a half-value layer of 0.9 copper. Mice to he irradiated were placed
four at a time in a circular lucite chamber 12 cm. in diameter anti 3 cm. deep. Tile container

was centered in the field of exposure and radiation was directed to the dorsal aspects

of the mice at a target distance of 70 cm. The machine was calibrated prior to each

exposure by means of a Victoreen dosimeter. The close rate. nieasumred in air at the 1)ositoml

of the mice, varied on different occasions from 58 to 62 roentgens per minute. Predetermined

doses were always delivered in a single exposure period.

Bone Marrow Cells. Domaors were killed by cervical dislocation anti their humeri, femurs.

and tibias freed by dissection and stripped of adherent muscle and connective tissue.

Sterile Hanks’ solution with 10 per cent serum was forced through the marrow cavities

by insertion of a numnber 25 needle fitted to a syringe. The pulpy masses so expelled
were broken by passage through a fine stainless steel mesh sieve. The resulting crude

suspension was then centrifuged at 1500 rpm for 10 minutes. The supernate was removed
and the cells resuspended in fresh niedium. A final perfectly dissociated cell suspension

was obtained by repeated aspiration through a number 26 needle. Normal pH was

maintained in the medium by carrying out the entire procedure at ice water temperature.

Samples were counted with the aid of a hemocytometer, using 2 per cent acetic acid as

diluent to eliminate red cells. All stmspensions for injection were contained in a constant

vohimne of 0.5 mnl. and were introduced throsmgh one of the lateral tail veimis.

Clumping of marrow cells is an especialis’ annoying problem in Peromyscus. however,

this obstacle was readily overcome by addition of 10 per cent serum to the medium.

Heat-inactivated rabbit seruni was used for this purpose as deer mice were not a practical

source for the amounts routinely required. LoutitTM has produced radiation chinieras
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322 STEINMULLER AND MOTULSKY

Table 1.-Survival of Orthotopic Skin Allografts in Peromyscus

Day No. Rejected Per Cent Rejected

7 0 0

8 9 14.1

9 20 31.3

10 26 40.6

11 34 53.1

12 42 65.6

13 53 82.8

14 57 89.1

15 60 93.8

16 61 95.3

17 63 98.4

18 64 100.0

MST = 10.6 ± 0.6 days (S. D. = 1.3).

quite satisfactorily with mouse spleen cells suspended in undiluted rabbit serum. Further-
maiore, tests ft)r toxicity to the Peromyscus marrow cells with trvpami blue as indicator

revealed no adverse effects of the heterologous serum.

Heniatologi,. Blood for all tests was obtained b� puncture of one of the lateral tail

veins. Reticulocytes were stained b�’ mixing equal quantities of blood and one per cent

brilliant cresvl blue in isotonic saline. The mixture was drawn into an heparinized

capillary tube and allowed to stand 15 minutes, after which it was remixed and spread

on a slide. A minimum of 1000 cells were sampled for each (leterniination. Reticulocyte

counts were corrected in terms of hemoglobin values which were deterniined 1w the
cyanomruethoglobin method.u) Osmotic fragility tests of ervthrocvtes were performed as

described by Dacie.1#{176}

RESULTS

Skin Allograft Survival

The number of Peromyscus at our disposal varied between 500 and 800

mice. To obtain an idea of their histocompatibility relations, skin grafts were

exchanged between full siblings as well as between randomly chosen unrelated

members of the population. Grafts were made reciprocally between normal

and spherocytic mice and also within each phenotype group. In all, 64 grafts

were transplanted and as no differences in survival time in the various

combinations were recorded, the results were pooled in Table 1. All grafts

were rejected within 3 weeks with a median survival time (MST) of

10.6 ± 0.6 days (the 95 per cent confidence limits); the standard deviation

was 1.3 days. Clearly, like noninbred laboratory mice, the deer mice were

segregating for a large number of histocompatibility genes and the chance

of randomly matching compatible donors and recipients was exceedingly

small.

Radiation Effects

In view of the complete absence of any information on the effects of

ionizing radiation in Peroniyscus, it was necessary to obtain base-line data

on x-ray induced mortality. Panels of normal and spherocytic mice of similar
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Fig. 2.-Distribution of deaths after lethal irradiation.
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Fig. 1.-Mortality after whole-body x-irradiation (30 days).

323

ages and containing nearly equal numbers of males and females were

subjected to various (loses of total-body x-irradiation of the order known to

induce death liv primary hematologic failure.a N’lortalitv was recorded over

a 30-day period and the results are shown graphically in Figure 1, where

the normal dose-effect function for each phenotype is evident. The 30-day

median lethal (lose for each group with its 95 per cent confidence limits was

computed from the regression lines iw Litchfield’s nomograph method.11

The difference between the LD 5O��� of 780 r for the normal mice and 675 r

for the sperocvtic mice is highly significant (p < 0.01). The distribution

of deaths following the hundred ler cent lethal dose for each phenotype is

presented in Figure 2. The median survival time for each phenotype was

just over 7 days and it is evident that the time-effect function for each group

at its LD lOO:i was identical.
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4. N -� Sp
(29 mice)

No. Per Cent
dead dead

6 20.7

11 37.9

12 41.4

13 44.8

17 58.6

17 58.6

18 62.1

18 62.1

18 62.1

19 65.5

21 72.4

Total
(90 mice)

No. Per Cent
dead dead

15 16.7

27 30.0

30 33.3

36 40.0

43 47.8

45 50.0

49 54.4

52 57.8

54 60.0

55 61.1

62 68.9
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Table 2.-Mortality after Irradiation and Marrow Allotranspiantation

Group 1. N --s N 2. Sp -s N 3. Sp -‘ Sp
(16 mice) (24 mice) (21 mice)

No. Per Cent No. Per Cent No. Per Cent
Weeks dead dead dead dead dead dead

1 2 12.5 1 4.2 6 28.6

2 5 31.2 4 16.7 7 33.3

3 6 37.5 5 20.8 7 33.3

4 6 37.5 8 33.3 9 42.9

5 5 37.5 10 41.7 10 47.6
6 6 37.5 11 45.8 11 52.4

7 7 43.7 12 50.0 12 57.1

8 8 50.0 12 50.0 14 66.7

9 9 56.3 13 54.2 14 66.7

10 9 56.3 13 54.2 14 66.7

24 9 56.3 15 62.5 17 81.0

Marrow Allotrans plantation

Groups of Peromyscus were exposed to lethal doses of x-rays and then

inoculated intravenously with marrow cells of unirradiated donors. Marrow

cell suspensions were prepared and injected within four hours of irradiation of

the recipients. In order to provide controls for the hematologic tests to be

performed on the survivors, marrow was transplanted in four combinations of

donor-recipient phenotypes: (1) normal to normal (N-�N); (2) spherocytic to

normal (Sp-�N); (3) spherocytic to spherocytic (Sp-�Sp); and (4) normal to

spherocytic (N-�Sp). Each group of recipients was exposed to the predeter-

mined LD 1003 for its phenotype, 1000 r for the normals and 900 r for the

spherocytics. Donors and recipients were paired on a one-to-one basis: AU

the marrow obtained from the long bones of a single donor was administered

to a single recipient. The number of cells obtained per donor varied from about

20 to 60 million. The average yield was 33.0 ± 1.6 million nucleated cells

from normal donors and 45.1 ± 5.8 million from spherocytics. This mean

difference was highly significant (p < 0.01) and reflected the chronic eryth-

roblastic hyperplasia of the spherocytic donors.

The cumulative daily mortality recorded for each of the four donor-recipient

combinations is summarized in Table 2. Although there was a greater tendency

for death among spherocytic mice, particularly during the first week after

radiation, at no time were any statistically significant differences in mortality

found among the four groups. Accordingly, the data were pooled and the

overall distribution of deaths during the first 10 weeks is shown graphically

in Figure 3. Thirty of the 90 subjects died during the first 20 days, with a

median survival time of 7.7 ± 1.0 days. This MST is nearly identical to that

of the controls exposed to the same radiation alone (Fig. 2) and it can be

assumed that the marrow allografts failed to provide these recipients with

adequate protection against the primary lethal effects of the radiation. Shortly

after 20 days nearly every survivor developed typical symptoms of “secondary

disease,” the wasting syndrome initiated by reactions of immunocompetent
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Fig. 3.-Distribution of deaths during the first 10 weeks after irradiation and
marrow allotransplantation (55/90 mice dead).

cells of the graft against the foreign histocompatibility antigens of the host.

The victims became emaciated, developed varying degrees of dermatitis and

diarrhea and assumed the typical hunched posture of animals suffering from

acute graft-against-host disease. About half the mice so afflicted died within

7 weeks and the rest recovered. In short, radiation appeared to have killed

about 30 per cent of the mice and secondary disease accounted for the death

of another 30 per cent, leaving about 40 per cent alive at the end of 10 weeks.

No further deaths were recorded for nearly 4 months. During the sixth month,

however, seven more mice were found dead, two in group 2 (Sp-�N), three

in group 3 (Sp-*Sp) and two in group 4 (N-�Sp), raising the overall mor-

tality to about 70 per cent. The relation of these late deaths to the radiation

and marrow transplantation was uncertain.

Ilematologic Status of Survivors

Three months after treatment most of the survivors appeared to have re-

covered fully from the effects of radiation and secondary disease. Osmotic

fragility tests at this time indicated extensive if not complete transformation

of their circulating erythrocytes to donor phenotype, as shown by Table 3.

Cells from the recipients of normal marrow, whether the recipients were

genetically spherocytic (group 4) or normal (group 1), were as resistant to

hemolysis as cells from untreated normal controls. Conversely, red cells from

recipients of spherocytic marrow, regardless of whether tue recipients were

of normal (group 3) or spherocytic (group 2) genotype, showed the

same extensive hemolysis as the cells from untreated spherocvtic controls.

The tests for each mouse fell distinctly into one class or the other. No inter-

mediate values suggestive of admixtures of donor. and host-type erythrocvtes
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326 STEINMULLER AND MOTULSKY

Table 3.-Osmotic Fragility of Red Cells of Ninety-Day Survivors of irradiation
and Marrow Allotransplantation

Mean Per Cent Hemolysis in
0.55% Dacie’s Solution

and Standard ErrorTransplant Group Number of Mice

Untreated NormaLs 8 0.84 ± 0.72

1. Normal > normal 7 0.00

4. Normal spherocytic 10 0.71 ± 0.71

2.

3.

Untreated Splmerocytics

Splierocytic spherocytic

Spherocytic nonnal

10

7

11

80.06 ± 6.62

80.69 ± 7.11

81.51 ± 2.84

Table 4.-Reticulocyte Levels in Ninety-Day Survivors of irradiation

and Marrow Allotransplantation

Transplant Group Number of Mice
Mean Per Cent Reticulocytes

and Standard Error

1.

4.

Untreated NornaaLs

Normal normal

Normal -� spherocytic

65

7

10

2.46 ± 0.07

1.63 ± 0.34

2.91 ± 0.75

2.

3.

Untreated Spherocmjtics

Spherocytic �- spherocytic

Spht’rocvtic - normal

71

7

11

14.99 ± 0.14

8.69 ± 1.08

9.25 ± 0.72

��‘ere found. It seems reasonable to conclude that the functional marrow of the

hosts at this time, at least, was of graft origin.

Reticulocytes were counted in the 90-day survivors; the results are sum-

marized in Table 4. Both groups 1 and 4, the normal marrow recipients, had

counts in the normal range. However, the mean percentage for group 1,

the normal-to-normal transplant combination, was significantly less than that

of the untreated normal controls (0.05 > p > 0.01). Analogous results were

obtained for the spherocytic marrow recipients, groups 2 and 3. These mice

had numbers of reticulocytes clearly in excess of the normal range. however,

the mean percentage of reticulocytes for both groups was about 6 per cent

below that of the untreated spherocytic controls, and this difference was

highly significant (p < 0.01). This decreased reticulocytosis could not reflect

a simple dilution of hyperplastic spherocytic marrow with normal cells, because

the effect was clearly demonstrable in group 2 where 1)0th donors and

recipients were of spherocytic genotype. In this group, for example, the retic-

ulocyte count of several donor-recipient pairs was about 20 per cent just before

the experiment, yet 3 months later the recipients’ counts were down to about

10 per cent. The drop in reticulocytes might be accounted for by some residual

effect of radiation. A decreased rate of destruction of spherocytic cells in the

spleen, for example, might give a lower reticulocyte level. Flowever, sphero-

cytic mice used in the dose-effect control studies (Fig. 1) that survived as much

as 800 r without marrow allografts regained their normal high reticulocyte

levels within 40 days. This suggested that the marrow allotransplantation itself

contributed to the effect. The depressed reticulocyte counts could have re-

fiected an immunologic interaction of graft and host cells. There is ample
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Table 5.-Reticulocyte Counts after irradiation and Marrow Allotranspiantation

Months

Transplant Group Counts 3 4 5 6 7

1.N-�N No.<5% 7 7 7 7 7

No.>5% 0 0 0 0 0

2.Sp-�N No.<5% 0 2 5 7 6

No.5-10% 6 6 5 2 3

No.>10% 5 3 1 0 0

3. Sp-�Sp No.<5% 1 0 0 0 0

No.5-10% 4 5 6 3 4

No.>10% 2 2 1 1 0

4.N-*Sp No.<5% 8 8 8 6 7

No.5-10% 2 1 1 1 0

No.>l0% 0 1 1 1 1

evidence in the literature for chronic allograft reactivity in long-established

radiation chimeras and immunologically tolerant hosts.#{176} The drop in reticulo-

cytes could result from a power struggle, as it were, between colonizing donor

cells and regenerating host marrow.

Suggestive evidence that a graft-host interaction was indeed occurring in

the host marrow spaces came from the changes in reticulotye levels recorded

over a 5-month period, as seen in Table 5. Counts were made in each sur-

vivor at the end of every month. At 7 months, when the experiment was

terminated, one recipient in group 4 had clearly reverted to the mutant pheno-

type, with a reticulocyte count of 12.4 per cent. In group 2, the reciprocal

transplant group, a clear shift in reticulocyte level to the normal range took

place in six mice. Apparently spherocytic precursor cells were at a disadvantage

in the competition for space in the host marrow cavities and regenerating

genetically normal host cells won.

DIscussIoN

Insofar as the Peromyscus with hereditary spherocytosis were maintained

on a randomly bred basis in a colony of genetically heterogeneous individuals,

they presented a problem in histocompatibility that might he found in a human

population. The prompt rejection of 64 skin grafts exchanged between members

of the colony demonstrated the near impossibility of matching compatible

donors and recipients on a chance basis. Some means of inducing allograft

tolerance was a necessary step in any attempt at marrow replacement therapy.

Previous studies in this laboratory� utilized the now classic technic of admin-

istering allogeneic hemopoietic cells to newl)orn mice and assaYing the

recipients as adults for the presence of descendents of the cells introduced

during the neonatal period. Limited success WaS obtained liv this method. Of

50 genetically spherocytic mice injected within 24 hours of birth with marrow

cells taken from normal adults, about 20 per cent developed and maintained

a normal hematologic phenotype. Approximately another 20 per cent showed

evidence of mixtures of normal and spherocytic marrow. The remainder of the
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328 STEINMULLER AND MOTULSKY

subjects could not he distinguished from uninjected spherocytic controls.

Several recipients with complete change to the normal hematologic phenotype

showed mild manifestations of runt or graft-against-host disease. However,

overall mortality was low and essentially similar in spherocytic control and

trans1)lanted animals.

In the present investigation the attempt to use marrow allografts for the

treatement of hereditary spherocytosis was extended to adult animals by

applying known technics for producing radiation chimeras. Although there is a

vast literature on radiation and bone marrow cell transplantation in experi-

mental animals,� in only t�vo instances have these procedures been applied to

diseases of the red cell. These are the two similar murine macrocytic anemias

studied by Russell and Bernstei&2 and McCulloch and his colleagues.13 In

1)0th these cases, however, the highly increased radiosensitivity of the affected

mice precluded the use of the high doses of radiation needed to ensure the

acceptance of allogeneic tissues, and hemopoietic cell transplants were suc-

cessful only between essentially isogeneic strains. In contrast, Peromyscus

with hereditary spherocytosis are remarkably radioresistant with a LD 50311

of nearly 700 roentgens, and attempts at producing radiation chimeras and the

use of radiation and allogeneic bone marrow as therapy appeared feasible.

In comparison to the tolerance experiments with newborn deer mice where

mortality was negligible, some 65 per cent of the adult animals died as a

result of either the radiation itself or the secondary disease initiated by the

transplanted cells. On the other hand, whereas only a fifth of the newborn

subjects were actually made completely tolerant, all of the adult survivors

without exception were transformed to the normal donor hematologic pheno-

type. The problem of chronic graft-host interaction had to be reckoned with,

but in combinations involving normal and spherocytic marrow, the normal

cells appeared to be at an advantage. From a therapeutic standpoint, of

course, this would be of benefit to the host. It should be emphasized that no

supportive therapy whatsoever was accorded the radiated subjects. Antibiotics

and blood transfusions, for example, might have significantly reduced the

early deaths following radiation. Moreover, it is well known that graft-against-

host disease can be controlled to a large extent by immunosuppressive drugs.

Lochte et al.14 completely abolished fatal secondary disease over a 90-day

period in an inbred mouse strain combination by the administration of metho-

trexate to the recipients. It is possible that these procedures applied to the

present subjects might have enabled a significantly larger number of trans-

formed mice to survive.

SUMMARY

An inherited disease of the hone marrow identical in its pathophysiology

to human hereditary spherocytosis has been described in the deer mouse,

Peromyscus maniculatus. As Peroniyscus are not inbred and of distinct in-

dividually-specific histocompatibulity, they provide an experimental model sys-

tem for the use of hemopoietic allotranspiantation in the treatment of heredi-

tary diseases of the erythron. Ninety adult mice were exposed to otherwise 100
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per cent lethal doses of x-rays and then inoculated intravenously with 20 to

60 million nucleated marrow cells. Marrow was transplanted on a one-to-one

donor recipient basis in four comF�inations of phenotypes: normal to normal;

spherocytic to normal; spherocytic to spherocytic; and normal to spherocytic.

Mortality and pathology were similar in all groups. Thirty per cent of the hosts

died as a direct result of the irradiation within 20 days. Another 30 per cent

subsequently succumbed to secondary disease presumably of graft-against-host

origin, bringing the overall mortality to #{128}0per cent at the end of 10 weeks. At

3 months, however, the hematologic status of the survivors, nearly without

exception, was of donor phenotype: Genetically spherocytic recipients of normal

marrow contained normal red cells; conversely, wild type recipients of sphero-

cytic marrow had assumed the mutant phenotype. Evidence of chronic graft-

host interaction was obtained. By 7 months, six mice in the spherocytic

to normal transplant group had reassumcd the host hematologic pheno-

type, but only one animal in the normal to spherocytic group reverted to the

mutant phenotype.

SUMMAIUO IN IrcrFIluNcuA

Un hereditabile morbo del medulla ossee identic in su pathophysiologia con

human spherocytosis hereditari es describite in Perornyscus maniculatus. Viste

q’�� Peromyscus non es consanguinificate sed de distincte histocompatibulitate
a specificitate individual, illos provide un modello experimental pro le uso de

allotransplantationes hematopoietic in le tractamento de morbos hereditari del

erythron. Novanta adulte muses del genere Peromyscus esseva exponite a doses

de radios X alteremente letal sin ulle superviventia e subjicite subsequente-

mente a intravenose inoculationes de inter 20 e 60 milhiones nucleate cellulas

medullari. Le transplantation del medulla esseva effectuate inter donator in-

dividual e recipiente individual in quatro combinationes de phenotypos: nor-

mal a normal, spherocytic a normal, spherocytic a spherocytic, e normal

a spherocytic. Le mortalitate e Ic pathologia esseva simile in omne he

gruppos. Trenta pro cento del hospites moriva como resultato directe del

irradiation intra 20 dies. Trenta pro cento additional moriva subsequentemente

per morhos secundari, de origine probabilemente in un effecto del graffo

super he hospite, de maniera que he mortalitate total esseva 60 pro cento al fin

de 10 septimanas. Tamen, al fin de 3 menses Ic stato hematologic del super-

viventes esseva, quasi sin exception, del phenotypo del donator. Genetica-

mente spherocytic recipientes de medulla normal contineva erythrocytos nor-

mal. Contrarimente, recipientes de medulla spherocytic habeva acceptate Ic

phenotypo mutante. Esseva obtenite evidentia de un chronic interaction inter

graffo e hospite. Post 7 menses, 6 muses in le gruppo de transplantation ab

spherocytic ad normal habeva re-establite Ic phenotypo hematologic del hos-

pite, sed solmente un animal in Ic gruppo a transplantation ab normal ad

spherocytic reverteva al phenotypo mutante.
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