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Extract 

The present report describes an  infant with severe combined im- 
munodeficiency and cartilage-hair hypoplasia whose lymphocytes 
responded to thymosin in vitro. Immunologic evaluation was under- 
taken a t  4Y2 months of age following a history of recurrent severe 
infection. Family history included three cousins who died in early 
infancy, one from streptococcal meningitis and pneumonia, one 
from generalized varicella, and another from reticuloendotheliosis. 

Quantitative immunoglobulins were markedly depressed: IgG 
141, IgA 0, and IgM 24 mg/100 ml. There was an absolute 
lymphopenia, multiple skin tests were negative, and in vitro lympho- 
cyte responses to mitogens and antigens were depressed. Spon- 
taneous E rosette determinations were 21% compared with control 
values of 65.7%. Erythrocyte adenosine deaminase ( A D  A)  ac- 
tivity was normal. 

The patient's E rosette formation increased in the presence of 
thymosin, fraction 5, reaching a maximum of 56% with a concen- 
tration of 500 p g  thymosin. Blastogenic responses to phytohemag- 
glutinin also increased in the presence of thymosin. Transplantation 
of 24-week fetal thymus in Millipore diffusion chambers and 
subsequently transplantation of 18-week fetal thymus by intra- 

peritoneal injection was accomplished. E rosettes increased to 
3 5 4 0 %  and blastogenic responses to mitogens increased. Eight 
days after the second transplant the patient underwent a mild graft 
vs. host reaction which subsided after 1 week and mitogen blasto- 
genic responses again increased to 5-8 times previous values, but 
still well below control ranges. Repeated episodes of pulmonary 
infection ensued, cor pulmonale resulted, and the clinical course 
was relentlessly downhill with the patient expiring from respiratory 
failure 5 months after transplantation. 

Speculation 

Reconstitution for primary cellular immune deficiency requires 
two steps: (1) provision of an  adequate population of precursor 
lymphoid tissue which engrafts into the host and (2) maturation of 
available and/or transplanted cells. Some patients only require 
therapy directed toward the latter process and this can be accom- 
plished with thymosin, transfer factor, fetal thymus in a diffusion 
chamber, or with fetal thymus by injection or  transplant. Other 
patients, however, require transplantation of precursor lymphoid 
tissue, usually from bone marrow. Response to thymosin in vitro 
will not accurately separate these two groups of patients. 



Severe combined immunodeficiency (SCID) syndrome is a disorder  characterized 
by absence of both h u m r a l  and c e l l u l a r  immune competence. One variant  of t h i s  
f a t a l  inheri ted deficiency i s  associated with short-limbed dwarfism and cart i lage-  
h a i r  Ilypoplasia, f i r s t  described by McKusick e t  a1 i n  1964 (15). Such in fan t s  
exh ib i t  severe c l i n i c a l  disease with many bac te r i a l  and v i r a l  agents a s  do others  
with SCID but, i n  con t ras t ,  they a l so  demonstrate pa r t i cu la r  suscep t ib i l i ty  t o  
overwhelming varicel la-zoster  infect ion (13). These pa t i en t s  usually die  during 
infancy and therefore require  ea r ly  immune reconst i tut ion i n  order t o  appreciate 
any chance of survival  (19). 

Successful reconst i tut ion of immunologic capacity i n  SCID has been achieved 
primarily with histocompatible bone-marrow transplantat ion (3,4,12) and recent  
reports  have indicated t h a t  t ransplantat ion with f e t a l  thymus (1,Z.g) o r  f e t a l  
l i v e r  ( 5 , l l )  may represent the m s t  acceptable al ternat ive.  Administration of 
human t r ans fe r  f ac to r  is f e l t  t o  be a useful  adjunct t o  t ransplantat ion with 
these t issues.  Bone-marrow transplantat ion from histoincompatible donors has 
never been successful  and unfortunately few pa t i en t s  have l iv ing  s ib l ings  who 
might provide compatible t i s sue  s ince t h i s  genet ical ly transmitted disorder of ten 
a f fec t s  such s ibl ings.  

Another approach t o  c e l l u l a r  immune reconst i tut ion current ly under invest i -  
gation is the subcutaneous administration of'thymosin, an ex t rac t  of ca l f  thymus. 
Prediction of c l i n i c a l  response t o  t h i s  mode of therapy has been demonstrated t o  
be the increase of spontaneous E rose t t e  formation i n  the presence of thymosin 
in  v i t ro .  To date  only one pa t i en t  with Primary immune deficiency has success- 
f u l l y  reponded t o  thymosin; t h i s  was a young g i r l  with thymic hypoplasia and 
immunoglobulin synthesis  s imilar  t o  Nezelof syndrome (20) .  

The present  report  describes an infant  with SCID and cart i lage-hair  hypo- 
p l a s i a  whose lymphocytes responded t o  thynosin i n  v i t ro .  The pa t i en t  received 
thymus t ransplantat ion and t r ans fe r  f ac to r  therapy bu t  subsequently demonstrated 
no apparent c l i n i c a l  benef i t ,  dying from chronic pulmonary disease 5 months 
following transplantat ion.  

Case Report 

The pa t i en t ,  a caucasian male, was born following an uneventful pregnancy, 
labor, and delivery. Bir th weight was 6 l b ,  1 3  02 and h i s  immediate neonatal 
course was uneventful. Physical exam revealed shortened extremit ies  and x-rays 
o f  long bones were interpreted a s  compatible with achondroplastic dwarfism o r  
car t i lage-hair  hypoplasia syndrome (Fig. 1 and 2) .  Family his tory revealed tha t  
the f a the r  had a h i s to ry  of recurrent  infect ion thought t o  be secondary t o  "low 
white blood c e l l  counts". The paternal  grandfather i s  63 inches t a l l  bu t  other- 
wise normal. The fa the r ' s  height i s  68 inches and the mother i s  66 inches t a l l .  
Also pert inent  i s  t h a t  three of the pa t i en t ' s  paternal  t h i r d  cousins, a l l  male, 
expired during infancy. These cousins were not  s ibl ings.  One died a t  3% months 
from streptococcal  meningitis and pneutmnia; another died a t  4 months of age 
from generalized va r i ce l l a  and a l so  had documented hypoganuMglobulinemia. A 

t h i r d  died a t  2% months of age from a disease f e l t  t o  be ret iculoendothel iosis ,  
possibly Letterer-Siwe disease. None were knam t o  have shortened s tature.  

The pa t i en t  did qu i t e  well u n t i l  2% months o f  age when he was hospi tal ized 
a t  Santa Rosa Medical Center with generalized petechiae and bloody s toa l s .  He 
had received h i s  second DPT in jec t ion  one week p r i o r  t o  admission; the f i r s t  
had been administered a t  6 weeks of age along with o r a l  pol io vaccine. On ad- 
mission, h i s  weight was 9 Ib, 15 oz and height 46 cm. He was described as  a pale ,  
achondroplastic dwarf i n  no acute d i s t r e s s .  I n i t i a l  laboratory s tud ies  demonstra- 
ted a WBC of 3300/m3 with 7% neutrophils ,  60% mnocytes, hemoglobin 7.0 gm/100 
ml, hematocrit 31% and 7,000 platelets/mm? Bone mrra* examination revealed 
the presence of immture non-platelet producing megakaryocytes, myeloid a r r e s t  a t  
the myelocyte l eve l ,  g rea t ly  decreased nuzbers of plasma c e l l s ,  but  a normal 
quanti ty  of lymphocytes. This c l i n i c a l  episode was f e l t  t o  be compatible with 
idiopathic  thrombocytopenic purpura precipi tated perhaps by a v i r a l  i l l ness .  The 
pa t i en t  was given two un i t s  of p l a t e l e t s  and two un i t s  of unwashed fresh acked 
red blood c e l l s  during hospi tal izat ion.  P la t e l e t s  increased t o  16,000/mm5 and 
the pa t i en t  was placed an prednisone 2.5 mg/kg/day. The p l a t e l e t  count continued 
t o  r i s e  u n t i l  reaching normal values on the twelf th hospi tal  day. However, the 
absolute neutrophil count remained a t  approximately 500/mn3. The in fan t  was re- 
hospi tal ized a t  3% mnths  of age with a 5 day his tory of i r r i t a b i l i t y ,  vomiting, 
and diarrhea. Admission tempe,rature was 101.3 degrees F and a neutropenia of 
l e s s  than 100/mm3 was noted. Fol lar ing a sep t i c  workup, he was placed on 
gentamicin, ca rben ic i l l in  and methici l l in .  CSF, blood and urine cul tures  were 
negative so a l l  an t ib io t i c s  were discontinued a f t e r  72 hours. P l a t e l e t  counts 
remained normal and he was gradually tapered o f f  prednisone. At 4% months of 
age, he was again hospi tal ized with b i l a t e r a l  bronchopneumonia. The same ant i-  
b i o t i c  regimen was r e ins t i tu t ed  and a t  t h i s  time a complete immunologic evalua- 
t ion  was undertaken. 

MATERIALS AND METHODS 

t a l l  mediated immunit . In-vitro lymphocyte blastogenic responses t o  the mito- 
gens: phytohemagglutizin (PHA) , pokeweed (PWM) , and concanavalin A (Con A), t o  
the r e c a l l  antigens: m n i l i a  and tetanus toxoid, and t o  mixed leucocyte cul tures  
(NLC) were determined with the micromethods previously described (16) .  For sore 
assays, thyms in  f r ac t ion  5 was added t o  the cul ture mater ials  i n  a f i n a l  concen- 
t r a t i o n  of 250 Ug/ml but  the methods were otherwise iden t i ca l .  Skin t e s t s  were 
accomplished in  the usual manner by in jec t ing  0.1 m l  of the material intradermal- 
l y  i n t o  the  volar  aspect of the forearm and skin t e s t  s i t e s  were read a t  24, 48, 
and 72 hours; mater ials  qmployed were : PHA 10 Ng/0.1 nl, monilia skin t e s t  
antigen 1 : l O  (Dermatophytin "0", Holl is ter-St ier  Laboratories, Yeadon, PA) and 
f lu id  tetanus toxoid (E l i  L i l ly ,  Indianapolis, IN). Thymosin fract ion 5 was 
kindly supplied by Dr. A.L. Goldstein? t h i s  m t e r i a l  was extracted from ca l f  
thymus t i s s u e  and pur i f i ed  as  reported (8) .  Spontaneous (E) rose t t e s  fo r  peri- 
pheral lymphocytes were determined by methods previously described (10) ; assays 
were a l so  performed with the addition of varying concentrations of  thymosin, 
f r ac t ion  5. Lymphocytes binding 3 o r  m r e  sheep red blood c e l l s  were considered 
positive. A lymph node biopsy was obtained f o r  examination of paracort ical  and 
deep c o r t i c a l  areas by l i g h t  microscopy. 

Humoral immunity. Quan t i t a t ive  immunoglobulin l eve l s  were determined by a 
standard rad ia l  diffusion technic (14). Peripheral  blood lymphocytes, i so la t ed  
with a Hypaque-Ficoll separat ion gradient, were incubated with f luorescein 
label led antibodies t o  IgG, IgM, IgA and l i g h t  chains, and examined i n  wet-mount 
preparations for  surface immunoglobulins (6). Peripheral lpphocytes  were a l so  
examined for  formation of  EAC rose t t e s  with methods previously described (10). 
Ihe cor t i ca l  areas of a lym* node biopsy were a l so  evaluated fo r  the presence 
and extent  of f o l l i c l e  and germinal center  formation. 

Thymus transplantat ion.  The i n i t i a l  thymus was obtained from a 24 week gestat ion 
neonate immediately a f t e r  death. One lobe of the organ was divided in  half  and 

each ha l f  placed in  a s t e r i l e  0.45 !.I pore-size Millipore d i f fus ion  chamber which 
was kept i n  cooled t i s sue  medium u n t i l  implantation 30 minutes l a t e r .  The cham- 
ber  was constructed from a methyl e s t e r  (Lucite) r ing with an outside diameter 
of 14 mm, an ins ide  diameter of 10 mm, and a depth of 2 mm; Millipore disks were 
glued t o  the outside surfaces of the rings. The chambers were implanted under 
the r igh t  rectus sheath (16). The second thymus was obtained from an 18 week 
male fetus  following an in t r au te r ine  prostaglandin F2 a induced therapeutic  
abortion. A c e l l  suspension i n  n o m l  sa l ine  was made from t h i s  t i s sue  and in- 
jected in t r ape r i tonea l ly  i n t o  the pat ient .  Each donor mother gave wri t ten in- 
f o m d  consent fo r  t h i s  use of the f e t a l  t issue.  

Transfer factor .  Dialyzable t r ans fe r  f ac to r  (TFd) was prepared and pur i f i ed  
from a s ing le  donor by the methods previously described (17). Leucocytes were 
obtained by leukapheresis using a Continuous-Flow Ce l l t r i fuge  (American Instru-  
ment Co.). Lymphocytes were separated from the c e l l  pack using a Hypaque-Ficoll 
gradient ,  f reeze thawed i n  the presence of DNase 10 times and TF was then 
dialyzed and concentrated by lyophil izat ion.  One un i t  of TFd was equivalent t o  
1 x l o g  lymphocytes. 

RESULTS - 
Quanti tat ive i m n o g l u b u l i n s  were markedly depressed: IgG 141, IgA 0 and 

IgM 24 mg per  100 ml. Agglutination t i t e r s  t o  typhoid H and 0 antigens remained 
< 1:2 following typhoid vaccine administration. Assay of peripheral  blood 

lymphocytes for  surface inmunoglobulins revealed the following proportion of 
pos i t ive  ce l l s :  IgG 6%; IgA 1%; IgM 15%; and l i g h t  chain 17%; controls  averaged 
19%, 2%. 6%, and 22% respect ively.  Percent and absolute numbers of EAC rose t t e s  
were 54% (416) as  compared t o  21.8 + 2.4% (597 + 265) i n  controls  and these 
values remained essen t i a l ly  unchanged i n  the presence of thymosin in  vi t ro.  
Determinations of t o t a l  hemolytic complement and C'3 were normal. Erythrocyte 

adenosine deaminase (ADA) a c t i v i t y  was a l s o  normal. 

Absolute lymphocyte counts ranged from 370 t o  1141 with m s t  determinations 
l e s s  than 700 cells/mm3. All skin t e s t s  were negative in  s p i t e  of two previous 
inject ions of  te tanus toxoid vaccine and a h i s to ry  of monilia diaper rash. 
Lymphocyte responses t o  mitogens yielded a blastogenic index (BI) fo r  PHA of 
3.5 (normal 57-225), while the BI fo r  PWM and Con A were < 2 as  were responses 
t o  monilia, te tanus toxoid, herpes simplex type 1, and mixed lymphocyte cul ture.  
In the presence of thymosin, f r ac t ion  5, responses t o  PHA increased t o  a BI 
of 11.7 bu t  blastogenic react ions t o  PWM and Con A were not  al tered.  An inguin- 

a l  lymph node biopsy demonstrated depleted lymphocyte s to res  i n  both c o r t i c a l  
and paracort ical  regions. 

Expressed as  percent  and absolute numbers per  mm" spontaneous E rose t t e  
determinations were 21% (162) compared t o  control  values of 65.7 + 4.2% (1725 
+470). A s  seen i n  Figure 3, the pa t i en t ' s  E rose t t e  formation increased i n  the 
presence of thynosin, f r ac t ion  5, reaching a maximum of 56% (432/mm" with a 
concentration of 500 !.Ig/ml of thymosin. 

At 6 mnths  of age, the absolute neutrophil count reached n o m l  levels  
(>1500/mm3) and remained normal u n t i l  death. The reason fo r  the increase was 
not  apparent. P o s s i b i l i t i e s  include the disappearance of neutrophil ant ibodies ,  
the development of colony st imulat ing agent o r  o the r  serum factors  which enhance 
neutrophil production, and correct ion of an i n t r i n s i c  neutrophil maturation 
defect. Specif ic  data ,  however, are  not  avai lable  t o  support any of these 
hypotheses. 

The pa t i en t  was begun on immune serum globulin, 0.66 mlmg every 2 weeks, 
which maintained the IgG leve l  above 200 mg per  100 ml. At 7 months of age, 
following counselling.and informed consent from both parents ,  the pa t i en t  re- 
ceived 24 week neonatal thymus in  mil l ipore diffusion cha&ers as  described 
above. At the same time, one un i t  of t r ans fe r  f ac to r  was given by subcutaneous 
inject ion.  Seven days post  t ransplantat ion,  E rose t t e s  increased t o  36% al-  
thou* the absolute rider of rose t t ing  lymphocytes was s t i l l  only 292/mm3. 
The blastogenic response t o  PHA had a l s o  increased to a BI o f  14.3 with the BI 
f o r  PWM and Con A - 6.3 and 11.7 respect ively 8 days post  t ransplantat ion;  
these values gradually decreased t o  5.0, 3.2 and 5.5 one m n t h  a f t e r  t ransplant  
althouqh E rose t t e s  remained 35-45%. Therefore, it was elected t o  o f f e r  the 
pa t i en t  f e t a l  thymus by intraperi toneal  inject ion.  This was accomplished 
without incident. A second uni t  of t r ans fe r  f ac to r  was a l so  administered. 
Eight days following transplantat ion,  the pa t i en t  experienced a mild graf t-  
versus-host (GVH) react ion characterized by fever, a generalized macular rash,  
hepatosplenomegaly, and diarrhea. This subsided a f t e r  1 week and mitogen 
blastogenic responses again increased t o  5-8 times previous values but  s t i l l  
well below control  ranges. Skin t e s t s  and i n  v i t r o  blastogenic responses t o  
antigens remained negative. Over the subsequent 3 months the pa t i en t  had re- 
peated episodes of apparent pulmonary infect ion with i n f i l t r a t e s  and atelecta-  
s i s  bu t  e t io log ic  infect ious agents could never be iden t i f i ed .  Cor pulmonale 
resul ted and the c l i n i c a l  course was r e l en t l e s s ly  downhill with the pa t i en t  
expiring from respiratory f a i lu re  5 months a f t e r  t ransplantat ion a t  age one year. 
The immediate cause of death was bronchopneutmnia. Microscopic examination of 
the lungs a t  necropsy was negative f o r  Pneutmcystis m, bac te r i a ,  o r  v i r a l  
inclusion bodies. Lymph nodes were sparse with archi tecture s imi la r  t o  the 
biopsied node. The thymus was noted t o  be dysplast ic  with absence of Hassal l ' s  
corpuscles and paor corticomedullary different iat ion.  

DISCUSSION 

Despite rapid advances in  the f i e l d  of immunology and transplantat ion 
research, the therapeutic  approach t o  the in fan t  with SCID remains unsatis- 
factory. 

Histocompatible donors a r e  usually not  avai lable  f o r  bone marrow trans-  
plantat ion i n  these pa t i en t s .  With unmatched t i s sue ,  e i t h e r  marrow, l i v e r ,  
o r  thymus, GVH reactions present  a formidable obstacle  t o  successful reconstitu- 
t ion  and fo r  t h i s  reason ce l l - impemable  chambers have been employed t o  
encapsulate thymus t r a s p l a n t  t i s s u e  and thereby prevent GVH disease. success 
with t h i s  approach is predicated on the a b i l i t y  of thymus t i s sue  t o  elaborate  
a hormone l i k e  compound(s), presumably thymosin, which then influences avai lable  
lymphoid t i s s u e  t o  maturate and provide appropriate c e l l u l a r  immune responses. 
The f i r s t  pa t i en t  to receive f e t a l  thymus in  a diffusion chamber was an infant  
with DiGeorge syndrome (16);  although evidence of ce l lu la r  immune competence was 
observed, the  pa t i en t  died from aspirat ion pneumonia shor t ly  a f t e r  t ransplanta-  
tion. More recent ly a ch i ld  with SCID was successful ly reconst i tuted with f e t a l  
thymus i n  a Millipore cha&er in  conjunction with immune serum globulin injec-  
t ions;  i n  v i t r o  evidence of c e l l u l a r  r eac t iv i ty  was demonstrated and a f t e r  3 
years followup, has remained f ree  from s ign i f i can t  infect ion (7). Other cases 
of SCm with thymus t ransplantat ion have been reported (1,2,9). Transplants 
were accomplished e i t h e r  by implanting the t i s sue  under the rectus abdominis 
sheath (16) o r  by in jec t ing  c e l l  suspensions i n t o  the peri toneal  cavi ty (1.2); 
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