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17 Measles Antibody Level as an Aid to the Diagnosis of
Subacute Sclerosing Panencephalitis. CLARENCE J.
Gises, Jr.*, D. CarLETON GAJDUSEK, JOHN
Hooxks*, ARMAND LOWENTHAL* and BARrRY R.
ApEgLs*, National Institutes of Health, Bethesda,
Md., Institute Bunge, Antwerp, Belgium and
Children’s Hospital, Boston, Mass.

Subacute sclerosing panencephalitis (SSPE) is a
clinically and pathologically distinct disease of children
and adolescents caused by measles virus, as recently
proved by viral isolation in several laboratories from
brain biopsies. It might now better be called ‘delayed
(and slow) measles encephalitis’. Specific CF, HI, FA
and neutralization antibody levels to measles are usu-
ally in a hyperimmune range far above the mean titers
of late convalescent measles sera tested in our labora-
tory. In 54 of 72 patients, serum CF and HI antibodies
to measles were 1n this hyperimmune range. GSF had
significant measles antibody titers in 47 of 51 patients,
although titers were lower than simultaneous serum
titers. In a ‘blind’ control study, measles CF and HI
antibody were measured in 136 sera from 98 patients
and 180 CSF from 162 patients of all age groups with
a wide variety of CNS diseases. There were 65 serum-
CSF pairs from the same patients. In the coded series,
49 sera were from 32 patients and 29 CSF’s were from
20 patients with SSPE. Of the 180 CSF specimens, the
only ones with detectable measles CF antibody were
25 of the 29 specimens from 18 of the 20 SSPE patients.
Measles antibody titerst in GSF ranged from 2 to =40
by CF or HI or both. Of the 136 sera studied, 33 of
the 49 specimens from 19 of the 32 SSPE patients had
measles GF antibody titer of 160 or higher; six had
titers of 40 or 80, three of 10 or 20, and only one was
negative at 10 (6 were anticomplimentary). In con-
trast, of the 87 sera from non SSPE patients, only two
had titers of = 80, six had titers of 40-80, 22 had titers
of 10 to 20 and 50 were negative at a 10 dilution (seven
were anticomplimentary). In the two instances where
serum titers were =80, one was from a patient late
in acute measles and the second was from a child with
Guillian-Barré syndrome. Serum titers of =1:160
were found only in SSPE patients. Measles antibody
estimation on serum and CSF can thus identify most
suspected SSPE cases and confirm diagnosis arrived
at from clinical and other laboratory data, obviating
the need and risks of brain biopsy. In spite of autopsy
confirmation of SSPE, a significant number of brain
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1 Titers are expressed as reciprocal dilutions.

biopsy specimens from patients with this disease fail
to reveal intranuclear (type A) inclusions and are re-
ported as chronic encephalitis of unknown etiology.

Discussion

VinceNT A. Furemirr (University of Arizona, Tuc-
son) : The only other place in measles that I have seen
titers of this magnitude has been in the child with
atypical measles following killed measles virus vaccine,
and then challenged with natural disease, and here
the titers both of neutralizing and HI antibody are
phenomenal, as high as 1:128,000.

Would you comment on what you might see as any
similarity in the pathogenesis of these two conditions.

D. CarLETON GAJDUSEK : High antibody titers sim-
ilar to those of SSPE have been seen only in patients
challenged with natural measles after immunization
with killed measles vaccine. Some patients with SSPE
developed neutralization and fluorescent antibody
titer to measles of well over 1:16,000, and HI titers
are correspondingly high.

SamueL L. Katz (Duke University School of Med-
icine) : Among your controls, you included patients
with multiple sclerosis and found no measles antibody
in their CSF, yet we have heard from other laboratories
reports of measles-specific antibody detected in the
spinal fluid of some patients with multiple sclerosis.

Could you comment on this discrepancy?

Dr. Gajpusek: In multiple sclerosis we have the
only other disease in which a high measles virus anti-
body has been reported to occur in the cerebrospinal
fluid. This has usually been a positive reaction only in
undiluted spinal fluid, occasionally at a 1:2 to 1:10
dilution. Higher titers at the sensitivity of our anti-
body assay system are unusual in multiple sclerosis. In
SSPE the spinal fluids were usually positive at 1:10
dilution or greater. We are dealing with another order
of magnitude of antibody level from that usually seen
in multiple sclerosis.

Also, elevations of serum measles antibody in mul-
tiple sclerosis patients were only about 10 % higher
than those in the normal control series, whereas in
SSPE, we are encountering a geometric mean measles
CF or HI titer 4- to 16-fold or more above that found
in normal control subjects.

Jack SingeEr (National Institutes of Health): With
the large number of children receiving the attenuated
rubeola vaccine at an early age, and the long latent
period prior to the onset of neurological symptoms of
SSPE, would you expect an increased incidence of
SSPE?
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Dr. Gajpusek: The vaccine and SSPE incidence:
Anywhere in the United States that we hunt for pa-
tients, we find a rapidly increasing rate of SSPE. I
suspect that this reflects pediatric and neurological
awareness of this diagnosis. As a rough and yet un-
verified estimate of the incidence, we expect to find
an active case for every million general population
served by a pediatric neurological center. We estimate
that about 200 cases have died per annum in recent
years in the United States, in spite of much lower
earlier estimates of the mortality from this disease.

I expect that we will find increasing incidence
everywhere the disease is sought for, and I believe it
should be reportable and recorded very seriously from
now on. The possibility of its developing from the vac-
cine virus certainly cannot be denied at the present
time. The population has been extensively vaccinated,
yet natural measles is still endemic. We know of cases
that have followed natural measles by a few months;
more commonly, it occurs several years after natural
measles. A case has been reported in the young child
of a physician who had not had antecedent clearly
recognizable measles, but who was serologically im-
mune. Several cases have now occurred a few months
to over a year after the use of live attenuated measles
vaccine without knowledge of whether there was
antecedent unrecognized measles infection or sub-
sequent suprainfection with natural measles virus.

If extensive use of vaccine markedly reduces or
eliminates measles virus circulating in the country, the
incidence of SSPE should drop off after a lag period
of a few years. If its incidence fails to fall once measles
is nearly or completely eliminated, obviously we then
would suspect the vaccine virus.

Epidemiological surveillance of SSPE incidence is
a very urgent matter; at the present time, our know-
ledge of its true incidence is very uncertain.

Harovrp Liscaner (St. Christopher’s Hospital, Phil-
adelphia): I wonder if you have noted any familial
incidence of SSPE or any association with chronic
mucocutaneous moniliasis. We have seen one family
with chronic mucocutaneous moniliasis in which one
child developed SSPE. We are interested in the cel-
lular immunity to measles in these children. Have
you used techniques similar to those reported by Dr.
SAUNDERS?

We find that in one of two children with SSPE
studied in multiple tests on three separate occasions,
we were unable to demonstrate any responses in
lymphocyte cultures in vitro to measles antigens. This
child was from a family with mucocutaneous monilias-
is. It is conceivable that the pathogenesis was differ-
ent, but the fact that there does seem to be specific un-
responsiveness of the lymphocytes of this child to
measles antigen, I think, makes it imperative that this
kind of study be done on other patients with the same
disease.

It is conceivable that in our one child who did re-
spond, as well as in Dr. Saunpers’ child, the lympho-
cytes were responding to other tissue antigens in our
measles preparation, and that, actually, there is spec-
ific cellular unresponsiveness in the patients with
SSPE.

Dr. Gajpuser: No, we have had no familial cases
yet, and the association of SSPE with chronic moni-
liasis I was unaware of.

There has been much speculation about the possi-
bility that cellular immunity specifically to measles is
impaired in SSPE patients. The hypothesis has been
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repeatedly made that the disease occurs, perhaps, in
those individuals who either lose or lack quantitatively
a sufficiently strong delayed hypersensitivity immune
response to measles. How this is to be tested is a great
problem. There is no adequate measles skin testing
antigen available at present which has been sufficient-
ly controlled. We are reluctant to use such antigens
on previously vaccinated children, particularly those
immunized with killed virus vaccine. The mixed re-
ports of responsiveness and lack of responsiveness of
patients to measles antigens must be taken with cau-
tion.

The SSPE patients with a hyperimmune serum
antibody response might have a local Arthus phenom-
enon to the skin testing antigen. A biopsy of the skin
of any positive test should surely be taken to evaluate
it histologically. Using leukocytes in vitro to test their
sensitization to measles antigens or to test their ability
to attack a sheet of HeLa cells containing incomplete
measles virus, in which measles antigen and defective
virus are synthesized without the shedding of infec-
tious virus, as BELLonTI and RusTiciaN have proposed,
have thus far failed to give a conclusive answer to the
problem of whether there is a specific defect in cellular
immunity to measles in SSPE patients. False positive
and false negative reactions may easily occur with
these techniques, particularly in view of the high levels
of circulating antibody. What percentage of the normal
population may show a defect of delayed hyper-
sensitivity to measles after natural measles infection
we do not know yet.

Pearay L. Ocra (State University of New York,
Buffalo): In view of these disproportionately high
antibody titers in the spinal fluid, one would imply
that at least part of the spinal fluid antibody is pro-
duced locally in the central nervous system.

Did you study the total immunoglobulin content
in the spinal fluid in these patients, and what was its
proportion to the serum immunoglobulins? Further,
do you have any data on the immunohistologic local-
ization of specific measles virus antibody and the tissue
localization of immunoglobulins in the tissues of the
central nervous system?

Dr. Gajpusek: We are not working specifically on
that problem in our laboratory. On the other hand,
there has been work in Dr. KoLar’s group, and in
hospitals in Europe, indicating that measles antibody
is being produced within the central nervous system
and that the high levels in the CSF are not entirely
from a passage of the serum antibody into the spinal
fluid.

It was with this in mind that some patients were
treated with x-irradiation of the head in an attempt
to surpress antibody formation within the skull. I do
not believe it was of much help.

Measles antigen has been localized by immune
fluorescence in the inclusions and intracytoplasmic-
ally; in fact, it was this detection of specific measles
antigen in the brain by immunofluorescence, together
with the demonstration of a hyperimmune response
to measles in the serum, which led to the first incrim-
ination of the measles virus in SSPE. The virus isola-
tions have now proved that the virus is typical measles.

Finally, TerR MEULEN and RuckeL-ENDERs in Got-
tingen have shown the presence of large amounts of
measles antigen in neuronal cytoplasm; whether it is
complete or incomplete defective virus has not yet
been established. Immune fluorescence to detect im-
munoglobulins and the third component of C’ (com-
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plement) gives the same extensive floccular staining
of antigen-antibody complex in the neurons. Removal
of immune globulin by buffer of low ionic strength and
low pH permits the demonstration in the same loca-
tion of specific measles antigen.

18 Deficiency of Chemotactic Function in the Human
Neonate. A Previously Unrecognized Defect of the In-
Sflammatory Response. MiceaeL E. MILLER*,
Children’s Hospital of Philadelphia, Pa. (intro-
duced by William J. Mellman).

In recent years, considerable attention has been
focused on the relatively late inflammatory events of
phagocytosis and intracellular killing of ingested or-
ganisms. In mobile cells, chemotaxis is an important
prerequisite for phagocytosis, for cells must approach
the site of infection before engulfment of organisms can
begin. In these studies, chemotactic function has been
compared between neonates, a group with known in-
creased susceptibility to bacterial infections,and adults.
An in vitro modification of the Boyden assay was devel-
oped which made possible the use of human leukocytes
(PMNS) and serum throughout. The humoral and cel-
lular components of the chemotactic response were
individually considered. The data showed that: 1. When
incubated in’ the presence of chemotactic factor gen-
erated from standard pooled sera, neonatal PMNS
showed significantly less chemotactic migration than
adult PMNS. This was true whether the serum factor
was generated from gram-}- or gram— bacteria or anti-
gen-antibody complexes. 2. When incubated in the
presence of a standard PMN suspension, neonatal
serum was a much poorer source of chemotactic factor
(CF) than equal amounts of adult sera. This was true
for bacterial or antigen-antibody generating agents.
The addition of purified C’3 to neonatal serum prior
to generation did not increase the yield of CF. These
data demonstrate two basic deficiencies of the neonatal
inflammatory response and their application may pro-
vide valuable insight into the management of neonatal
infections.

Discussion

Wirriam T. Kniker (University of Arkansas Medi-
cal Center): Have you tested the sera of newborns for
total hemolytic complement activity, since immune
hemolysis requires the participation of all nine com-
ponents? If the hemolytic activity is depressed, that
would be further evidence for deficiency in one or more
of the later components beyond C’3.

It is always appealing to consider that a newborn
might be deficient in some component or enzyme.
Yet, the possibility exists that an inhibitor or inac-
tivator of newborn or maternal origin might be present
in the serum and associated with the polymorphs.
Have you ruled out the presence of an inhibitor?

MicuaeL E. MiLLEr: With reference to the first
question, total hemolytic activity, as studied both in
our laboratory and others, does reveal approximately
a 60 to 70 9% level of that seen in the normal adult in
newborn sera. We have not yet done quantitative
studies, to look at the relative quantitative amount of
C5 involved in the newborn in hemolytic activity.

With regard to the second question, while our data
are not complete, we would suggest that there is not
an inhibitor present. If one takes normal adult sera
and dilutes it out in two separate ways, first by adding
just a normal saline diluent, and secondly by putting
progressively increasing amounts of newborn sera into
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it, one will find that the titer, or activity, in both of
these systems drops off considerably more rapidly
when a simple diluent is added.

In other words, adding more and more newborn
sera does not cause an accelerated decrease in these
results, as we might expect with an inhibitor.

Davip G. NaTtuan (Children’s Hospital Medical
Center, Boston, Massachusetts): I have a source of
confusion, myself, about studies comparing newborn
cells with normal cells; and that, of course, is the dif-
ference in distribution of types of cells in the leukocyte
mixture.

Did you start in the newborn with a different con-
centration of polys in the mixture, such that one might
expect fewer to come through the millipore, no matter
what the control situation might be?

This has just been a technical problem for those
who deal with this particular area, and I wonder if
you can comment on it.

Dr. MitLer: Yes. This is a very highly standardized
system in which the concentration of polymorphs is
the standardized factor. In all preparations, a con-
centration of polymorphs is first prepared at 5 million
polymorphs/ml.

We have also looked intensively at the effects of
other cell members in the population, including rela-
tively young polys, eosinophils, lymphocytes, red cells.
With both of these systems, the results are entirely in-
dependent of the presence of these other cell types
within the polymorph suspensions.

CuesTerR ALPER (Children’s Hospital, Medical
Center, Boston, Massachusetts) : Have you determined
C5 levels either immunochemically or functionally in
neonatal serum? Secondly, have you tried to correct
the deficiency of chemotactic function in neonatal
serum by the addition of C5-deficient mouse serum?

Dr. MiLLErR: We have not yet measured C)5 levels
in neonatal serum.

In this particular system, with the newborns, we
have not tried the mouse deficient serum, but in the
patient with the C5-deficient function, mouse sera
from a C5-deficient strain, such as A/Tax, does not
correct the defect, whereas normal complement con-
taining mouse sera will do so.

Freperic M. Kenny (Children’s Hospital, Pitts-
burgh, Pennsylvania): Did you detect any difference
between the leukocytes of male versus female infants?

Dr. MiLLer: There were no differences here, nor
were there any other differences seen in the group, in
reference to birth weight, age, and so forth.

Davip W. Smrts (University of Washington Medical
School): Have you studied babies at, say, 7 days of
age or 14 days of age to see if this is a phenomena
limited to the immediate neonatal period? Or is it a
developmental phenomenon, gradually improving
with time?

Dr. MiLLER: We have done too few even to speculate
on 1it.

Freperick C. Barracria (University of Colorado
Medical Center) : How does one correct for differences
in cell size? I mean, how dependent is this measure-
ment on the pore size you choose for the screen—in
this case, 3 u?

Dr. MiLrer: The pore size of the filter does not
appear to be a factor in these results. The background
level, or, that number of polymorphs that migrate
through the filter in the absence of chemotactic factor
in the lower chamber, is the same for newborn and
adult cells.
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Ricuarp L. Day (New Rochelle, New York) : Didyou
test any babies who had had an intrauterine infection?

Dr. MiLLer: Only one, and unfortunately we did
not have leukocytes from that baby.

19 ‘Stlent’ CNS Disease of Neonates: A Prospective
Study of Infants Born with Increased Levels of IgM.
CHARLES A. ALFORD, JouN W. Forr*, SARAH S.
PorT*, GeEORGE CassaDpy*, Departments of
Pediatrics and Clinical Pathology, University
of Alabama Medical Center, Birmingham, Ala.

2916 cord sera obtained from all deliveries in 1 year
were screened for elevated levels of IgM. The study
population was derived primarily frem a low income,

Negro group. Elevations which persisted at least 4 days

were detected in cord sera from 123 (4.2 %) of the new-

borns. To define infection, these infants and a control
group of 386 consecutive deliveries were examined

serially from birth up to 18 months by clinical, im-

munologic, serologic and microbiologic means, regard-

less of clinical status. Infections, mostly subclinical
forms, were proven in 42 (34 %) of the 123 newborns
with 1 IgM (cytomegaloviral 8, urinary tract 8, toxo-
plasma 6, rubella, enteroviral, and syphilitic 2 each;
miscellaneous 14). In contrast, comparable infections
were demonstrated in only 3 (0.8 %) of 363 control
infants with normal IgM. Thus, rate of proven infec-
tion was 42-fold higher in newborns with t IgM.
Although symptoms were absent, CSF pleocytosis

and { protein values persisting up to 5 months were de-
tected in 10 of 20 newborns with systemic congenital
infection (toxoplasma 6/6, cytomegaloviral 2/8, entero-
viral and syphilitic 1/2 each) and in 4 other infants with
1 IgM. Two of these with toxoplasma and 2 with cyto-
megaloviral infections have already developed signs of
CNS damage during the first year. Data indicate that
subclinical congenital infections with ‘silent’ CNS
involvement occur frequently in certain newborn
groups and may be an important cause of brain damage
thatis currently unclassified. When coupled with meth-
ods for specific identification, screening of cord and
neonatal sera for 1 IgM can be helpful in the search for
and definition of this type of disease.

Discussion

Arex J. SteicMAN (Mount Sinai School of Medi-
cine): In view of its possible bearing on the site of
production, have you been able to determine the rel-
ative quantitative proportion of the various immuno-
globulins in the spinal fluids studied?

CHARLES A. ALrorD: No attempt has been made
to determine the nature of globulins in the spinal
fluids collected from infants presented in this study.
However, we have examined them in a case of neo-
natal herpes simplex infection with severe central
nervous system involvement and high levels of total
spinal fluid protein. In this instance, though quanti-
tatively less, the qualitative pattern of IgM, IgA, and
IgG, as determined by immunoelectrophoresis of con-
centrated spinal fluid, was similar to that detected in
the sera simultaneously collected; the changes that
occurred were also parallel to the serum changes.

E. Ricaarp StieaM (University of Wisconsin Med-
ical School): There seems to be a marked difference
in the incidence of elevated gamma M from population
to population. Dr. NicHOL in my laboratory recently
completed a survey very similar to your own, studying
over 1000 consecutive newborns, and her incidence
of elevated macroglobulins was only at the 19, level.
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So I think that your delineation that this is a low
income group is very pertinent. .

Dr. ArLrorp: During the first year of these studies,
as noted here, cord IgM elevations were detected in
4.2 % of the population ; in the second 9-month interval,
they were demonstrated in only 3 %. Thus, it appears
that the number of neonates born with increased
levels of IgM may vary from year to year even in the
same population. Perhaps it is not surprising, then,
that great variations may be found in population
groups from different locales and from different socio-
economic backgrounds. Infections may not be the
only factor that increase IgM production in utero.
Therefore, I would venture to guess that even the
percentage of infections detectable in neonates with
increased levels of IgM may differ from one newborn
group to another. Because of the concentrating effect,
cord IgM screening may assist in determining the
frequency of subclinical congenital infection in any
given population providing specific efforts are made
to uncover the infections.

WiLrLiam On (Michael Reese Hospital) : Have you
tried to correlate the incidence of infection with the
birth weight, with particular reference to low birth
weight infants.

Dr. Arrorp: There appears to be a slight, but
probably significant, increase in low birth weight in-
fants among the total group born with elevated levels
of IgM. This was observed mainly in those in whom
no specific diagnosis has yet been established. In neo-
nates with subclinical congenital infections and ele-
vated levels of IgM, the incidence of low birth weight
infants was not increased. The limited data in this
study does, however, suggest that if infected infants
are prematurely born or ‘small for dates’, they may
have a greater tendency to develop signs of disease
early in life, probably because of a greater degree of
tissue damage.

June P. Brapy (San Francisco General Hospital):
I think this is a very important and very interesting
paper, but if I understand you correctly, you did
suprapubic taps and spinal taps on a group of normal
infants, and I wonder what reason you gave to the
parents for doing these studies.

Dr. ArLrorp: Permission was gained to perform
these studies. I feel very strongly that congenital in-
fections in newborns must be diagnosed so that appro-
priate follow-up studies can be obtained for proper
mangagement. Even if the infants appear normal,
serial and careful audiometric, psychometric, and
ophthalmologic examinations need to be performed
so that the necessary educational programs can be
planned for each of them in coming years. In some
cases, such as these with subclinical toxoplasmosis and
abnormal spinal fluid findings, therapeutic measures
should be tried; they have not been adequately eval-
uated to date in this type disease because of lack of
practical diagnostic methods.

The control spinal fluid and suprapubic urine data
were obtained primarily from newborns who were
originally examined because of maternal history (pro-
longed ruptured membranes or signs of acute infec-
tion) that suggested a potential infection in the new-
born that could not be documented by laboratory or
clinical means. In each of these cases, the laboratory
work was identical to that performed in neonates born
with increased IgM. It is routine in our services to
attempt to exclude infection in any situation that sug-
gests their possible occurrence.
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Vincent Riccarpr (Massachusetts General Hos-
pital): Were any of the affected children related to
each other, or did they have any affected relations
elsewhere in the family?

Dr. ALrorp: Not that we could find.

Joun Starr (Cleveland Metropolitan Hospital) :
You mentioned that among the infected infants, some
already are showing signs of neurologic damage. Did
you find any incidence of neurologic damage among
the controls?

Dr. Avrrorp: Yes, but the incidences in infected
groups is much higher. However, I hasten to add that
the number of infected infants detected to date is really
too small to determine true significant differences. In
addition, I find it exceedingly difficult to select a true
control group for this type of silent disease. Since most
of our infected infants were of normal size and appear-
ance, theoretically, 26 consecutively delivered infants
with normal levels of IgM could serve as a control. No
evidence of neurologic damage occurred in the first
26 or even in the first 50 of our control group. In addi-
tion, tests currently available to assess minimal brain
damage are very crude and need to be updated.

Clearly, the spinal fluid abnormalities detected here
indicate that active CNS disease is present at birth in
many of these neonates. However, the meaning of
these findings with respect to CNS function in older
infants and children is yet to be determined.

WiLriam J. Ouiver (University of Michigan Med-
ical Center): Would you comment on the portal of
entry of organisms for those infants apparently born
with a urinary tract infection?

Dr. Avrorp: In most of these cases, there was a
maternal history of prolonged rupture of membranes
(> 24 h) or signs of active infection in the mother soon
after delivery. Such findings suggest that the infections
are acquired in utero by the transplacental or ascending
route. We have entertained the idea that they repres-
ent localization from previous fetal bacteremia, but
this cannot be proven from our present data.

A urinary tract anomaly was detected in one of the
eightinfants with genitourinary infections, and another
has had recurrent bouts of urinary tract infection in the
first year of follow-up despite the fact that no con-
genital defect has been demonstrated on three separate
occasions. The other six have remained normal after
the initial infections cleared.

Doucras SanDBERG (University of Miami School
of Medicine) : Are there differences in IgM serum con-
centrations from blood expressed from the umbilical
cord when compared with blood drawn directly from
the umbilical vein?

Dr. Arrorp: If possible, umbilical venous blood is
obtained by aspiration. In difficult situations, it was
collected by stripping the umbilical cord. In either
event, contamination of cord by maternal blood should
be excluded to avoid false positive elevations. These
were detected in 6 % of our cord sera. When contam-
ination occurred, it could be excluded by repeatsam-
pling of neonatal sera for IgM and IgA within 24 to
36 hours in virtually all cases in this study. Thus, the
contamination appeared to be due to collection errors
or some unknown process of delivery that allowed for
admixture of maternal blood rather than to intrinsic
placental ‘leaks’ that occurred during the course of
pregnancy as has been proposed by others.

20 Immunobiologic Parameters Unique for the Placento-
JSetal Unit. W. Pace' FauLk*, A-C WanG*,
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Josepa Goopman*, and H. HueH FUDENBERG¥,
University of California Medical Center, San
Francisco, Calif. (introduced by Melvin M.
Grumbach).

This report deals with the normal biologic phenom-
enon of gestation. Twenty-five human placentae have
been studied for immunoproteins with fluorescein
labeled anti-human IgG, IgM, IgA, fibrinogen, and
complement. Depositions of IgG, fibrinogen, and
complement were found on the syncytial trophoblastic
basement membrane and in areas of fibrinoid necrosis.
This represents specific biochemical reactions, for they
were eluted only with rigid immunochemical proce-
dures. The eluates were studied in chromatographic
systems, and fluorescein labeled molecules were found
to return to the same anatomic areas in homozoic pla-
centae. The proteins were detected as early as the first
trimester and were not exaggerated in pathologic states.

Lymphocytes are immunocompetent cells and are
sparsely found in normal placentae. Radioautographs
were prepared with dextran separated fetal-cord
lymphocytes from 10 human neonates using tritiated
thymidine. The data revealed a unique fetal high label-
ing cell. Light and electron microscopic studies proved
the cell to be hitherto unclassified.

The molecular substructure of fetal IgG was studied
due to immunogenetic irregularities in the eluted pla-
cental IgG and the unusual morphology of fetal lymph-
ocytes. Gel electrophoretic patterns of fetal gamma H-
chains from 200 infants were compared to similar adult
samples. An independent gamma fetal H-chain was
discovered, but no L-chain differences were found. The
data are presented as unique and hitherto undescribed
cellular and biochemical phenomena of the normal
placento-fetal unit.

Discussion

CuesTER W. FiNnk (University of Texas South-
western Medical School) : Since Type 0 mothers have
been shown to produce isoagglutinins that have a high
proportion of 7S antibody and Type A and B mothers
make mostly 198 isoagglutinins, I wonder if there was
any difference in the type of antibody found in the
placentas of Type 0 versus Type A or B mothers?

W. Pace FaurLk: We were not able to find blood
group isoagglutinins, and there were no immuno-
protein variations.

Joun B. Roseins (Albert Einstein College of Medi-
cine): Have you demonstrated that fluorescein con-
jugates to serum proteins other than complement,
fibrinogen, and gamma globulin do not stain these
areas? And, is the eluted gamma globulin that you
prepare from your placental extract binding to the
basement membranes by virtue of its FAB fragment or
in a nonspecific fashion by attachment to its H chain?

Dr. Faurk: All of these reactions were controlled
by proper blocking and absorbing-out experiments.
The reasons for the rigid controls were that we found
that syncytial trophoblasts have a tendency to take up
almost anything that has fluorescein on it, and we
later were fortunate enough to find that this is a func-
tion of the fluorescein-protein ratio.

If we had a fluorescein-protein ratio greater than 3
we could stain the syncytial trophoblasts nonspecifi-
cally. We very gently conjugated our antisera with
fluorescein so as to accomplish a fluorescein-protein
ratio of less than 3. This was done according to the
dialysis method of CLARK and SHEPARD [ Virology 20:
642, 1963].
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We also looked at many other proteins. These in-
cluded ceruloplasmins, transferrins, haptoglobins, ete.
None of these tended to stick to the basement mem-
branc when they were used with a low fluorescein-
protein ratio.

We don’t know il a 5S molccule, one which lacks
an FC [ragment, would mediate this rcaction. I sus-
pect it probably wouldn’t, but I don’t know.

J.Bienensrock (McMaster University, Hamilton,
Ontario, Canada) : Could you re-present some of your
evidence that these are true antigen-antibody reac-
tions at the placental basement membrane? Could it
not be a demonstration of placental basement mem-
branc ccll activity in transport of gamma globulin
across the placenta? Have you looked for gamma A
since this molecule hardly appears in cord serum and
probably is not transportc& in a similar fashion to
gamma G? If one looks at the adult gastrointestinal
tract, for example, with an anti-gamma A anti-serum
onc can detect specific fluorescence along the base-
ment membrane. We have taken this as evidence that
there is some piling up of this similar globulin at the
basement membrane before this molecule crosses the
membrane into the intercellular spaces or epithelial
cclls on its way to the lumen.

Dr. Faurk: Do you extensively wash your gut base-
ment membrane, and can you purify it, label it, and
follow it back to homologous gut bascment membrane?

Dr. Bmznensrock: The experiments referred to were
performed with fluorescein-labeled antisera on adult
tissue specimens. We have not done the clution and
perfusion experiments that you have described.

Dr. I'avrk: We have used IgA, IgM, IgD, and IgE.
We find that IgG gives the best reaction. This IgG
rcaction can be accentuated if the cluate is put on a
bascment membranc that has been first washed at pH 4
and then gradually brought back to pH 7.

I think that this is probably a specific immuno-
chemical reaction. It can be blocked and absorbed out.

Dr. Bienensrock: The specificity of the reactions
that you describe is unquestioned. What I am query-
ing is the certainty with which you regard this as an
antigen-antibody reaction on the basis of your exper-
imental results. Could it not be that you are simply
demonstrating sclective binding to receptors and
transgort of gamma globulin across the basement
membranc of the placenta?

If onc accepts that there is antibody to placental
basement membrane, have you looked at the gamma
globulin cluted from the placenta to sce whether it
reacts with lung and kidney, which also contain cross
reacting antigens with the placental basement mem-
brane.

Dr. Faurx: We have used these tracers on lung and
kidney scctions and they tend to stain.

I am sympathctic with your doubts of this being an
immunochemical reaction. However, we have applied
rigid immunologic controls and have demonstrated
specificity within the limits of these controls.

GorpoN B. Avery (Georgetown University): I'd
like to highlight the diflerence between the serological
type of immunc reactions and the cellular immune
reactions involved in transplantation immunity, be-
cause, whereas you have shown cvidence of some sero-
logical type of rcactions, your sections also show a strik-
ing I'rcecllom of anything in the trophoblast, which
does seem to form an immunc barrier between the
fetus and matcernal blood, and besides that, there is
very little cvidence of the lymphocyte infiltrative
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rocesses that we normally associate with tissue re-
jection.

So that, whereas the basement membrane may be
a sitc of some antibody deposition, the converse is also
true: There is a striking [recdom of cellular immunity,
such as one sees with transplantation reactions within
specics.

Dr. Faurk: These are separate and possibly inter-
related phenomena.

I don’t know if the high index of DNA replication
for the fetal lymphocyte means that these cells are
being immunologically stimulated to replicate and
subscquently to produce immunoglobulins. I accept
your fact that there certainly scem to be tenuous rela-
tions Dbetween circulating antibody and delayed
hypersensitivity.

Ay BErNsTEIN (William Beaumont Hospital, Royal
Oak, Michigan) : 'T'o get back to the question of localiz-
ing immunoglobulin in your sections, you showed
fluorcscence within a large mass of fibrin that you
called ‘fibrinoid’. The matcerial scemed in your slide
to reside in the intervillous space. It might have been
deposited on a chorionic villus, where fibrin does ac-
cumulate and is not in contact with the fetal circula-
tion.

Do you regard the deposition of fibrin on the ma-
ternal side of the villus to be also an immunologic
phenomenon? In other words, is the demonstration
of immunoglobulin necessary evidence of an antigen-
antibody reaction?

Dr. Faurx: This is found in the areas of fibrinoid
necrosis. You say these are in the intervillous spaces.
I don’t really know where arcas of {ibrinoid necrosis
come from. We find areas of fibrinoid necrosis within
the stroma of the normal villus very often. When this
is found, it also stains. I don’t know if this represents
an arca of earlier immunologic insult or not.

Ricnarp Hong (Varicty Club Heart Hospital, Uni-
versity of Minnesota) : In regard to your heavy-chain
finclings, a few ycars ago we reported that in patients
with hypogammaglobulincmia, there were changes in
the heterogeneity of the total population, indicating
a restricted mobility and a much greater tendency
toward monoclonality. Subscquent to that time, Dr.
Rowe in England reported similar changes in normal
infants studied in the latter portion of the first year of
life, and he felt that this was probably due to an emerg-
ing population of gamma globulin molccules. Because
of limited stimulation resulting from the age of the
children, there was not suflicient inducement to ac-

uire the broad rangce of heterogeneity, It would look
like your findings at an cven earlier stage would sup-
port this. Do you think that the changes that you
have in the fetal heavy chains might be due to lack of
stimulation?

If the gamma globulin proteins present are repre-
scentatives of some sort of an immunologic battleground,
there might be changes in low birth weight infants or
infants who have a compromised placental circulation.
Have you seen differences in the patterns of staining
in cascs of that sort?

Dr. Faurk: What we would like to think is that this
represents genetic information to synthesize a heavy
chain in utero much like a fctus being able to synthesize
fetal hemoglobin, and that following delivery or at a
point soon thereaflter, this gene would be turned off.

If this is true, then we might find fetal heavy chains
in cases of adult-acquired agammaglobulinemia, and
wc arc now looking at about 10 of these. I think we will
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find this, but if we don’t, then maybe it signifies a nor-
mal maturation process, as you suggest. If we do, it
would perhaps indicate that this is a gene that is only
active in the fetus.

Josepr BerLrantt (Georgetown University Medical
Center) : I have a comment that concerns your state-
ment that an independent fetal H chain was dis-
covered.

Could this be related to the manner of preparation?
As I understand it, you compared the results by electro-
phoretic separation of eluted material compared with
material from either maternal or paternal purified
gamma globulin. Could this be a methodologic prob-
lem due to conformational changes of the eluted ma-
terial ?

Dr. Faurk: I suppose it could be, but it only could
be if the conformational change that ensued would be
a change that would occur more easily in fetal heavy
chains than in adult heavy chains, because the adult
heavy chains were prepared in exactly the same way,
at exactly the same time, and in exactly the same
quantities.

They behaved immunoelectrophoretically like nor-
mal IgG heavy chains, but they did not migrate in
that way, indicating that the amino acid sequence of
these heavy chains is perhaps different.

MicuaeEL M. Frank (National Institute, Agency for
International Development and National Institutes of
Health): What proportion of the gamma G eluted
from the placental basement membrane goes back on
the basement membrane, as compared with, say, nor-
mal serum gamma.G?

Dr.FauLk: I reallydon’tknow. Itdoesn’t all goback.

Gm and InV data do not account for all of the
immunoprotein. It behaves antigenically like IgG
heavy chains, butitdoesnotbehaveimmunogenetically
like IgG heavy chains.

21 Enhancement of Phagocytosis by Complement Com-
ponents and Two Co-Factors. RicHARD B. JonN-
sToN, Jr.*, FRED S. RosEN, CHESTER A. ALPER¥,
and MarTiN R. KLEMPERER, Children’s Hos-
pital, Boston, Mass.

The role of serum factors in promoting the phago-
cytosis of pneumococci was assessed by a spectro-
photometric assay which depends upon reduction of
nitroblue tetrazolium (NBT) dye. The validity of the
assay was confirmed by a simultaneous measurement
of the phagocytic index and by the uptake of I*?5-label-
ed pneumococci by a monolayer of phagocytes. Bac-
teria prepared with yG antibody (Ab) were not phago-
cytosed unless a small volume of fresh normal serum
was added. Fresh sera specifically deficient in C'2 or
C’3 did not promote phagocytosis, whereas sera specif-
ically deficient in C’5 or C’6 did. When highly puri-
fied components were added to the sensitized pneu-
mococci, enhancement of phagocytosis was achieved
only by the sequential addition of C’1, C'4, C’2, and
C’3. Furthermore, a heat-labile, dialyzable serum co-
factor which has been shown to enhance peptidase
activity enhanced the phagocytosis of pneumococci-
Ab-C’1, 4, 2, 3. Glycyl-tyrosine and glycyl-leucyl-
tyrosine, which are substrates for C’3 peptidase activity,
inhibited phagocytosis. In order to achieve enhance-
ment equivalent to that of normal serum, a heat-labile,
5-6S, f-pseudoglobulin, which is not a complement
component, was required in addition to C’1, 4, 2, 3 and
the dialyzable co-factor. This protein probably stabi-
lizes bound active ('3, and appears to be that protein
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absent from the serum of a previously described patient
with recurrent bacterial infections.

Discussion

RoGer E. Sprrzer (University of Cincinnati Col-
lege of Medicine) : Do you have other evidence to sup-
port the fact that this is a C’3 stabilizing factor?

RicuArD B. JounsToN: Yes, we do. Most of this was
obtained from experimental systems other than meas-
urement of the enhancement of phagocytosis, how-
ever. It developed in the course of evaluating the
young man with rapid catabolism of C3 and recurrent
infection, whose complement-mediated functions were
abnormal until this protein was added to the test
system.

Let me say that, as it stands now, C3 ‘stabilization’
is an hypothesis, and its exact proof is lacking.

Dr. SpiTzER: It’s a very intriguing prospect. Tomor-
row, Dr. VALLOTA, in one of the specialty sessions, will
present a paper on a factor found in nephritic sera
that combines with a cofactor similar in many respects
to the one you have just described. The major differ-
ence, however, is that this combination of nephritic
factor and cofactor produces an enzymelike substance
which lyses serum C3 rather than stabilizing it.

Dr. JounsToN: We would hypothesize that our pseu-
doglobulin, as I stated, does the opposite, perhaps in
a fashion analogous to the effect of the C1 esterase
inhibitor on C1 esterase, that is, the 5-6 S beta-pseudo-
globulin may inhibit the enzymatic inactivation of C3.

However, there are similarities in the physico-chem-
ical properties of these two pseudoglobulins and also
theso-called C 3 inactivator, the conglutinogen activat-
ing factor.

There are a lot of pseudoglobulins that are in orbit
around C3 that are yet to be clearly defined.

Dr. Sprrzer: But there aren’t very many that partic-
ipate in the formation of a C3 lytic enzyme as with
our nephritic patients and possibly in the patient you
describe.

Dr. Jounston: The evidence that we have in regard
to that patient—and this presentation was not about
that patient—shows that, indeed, he does have a very
rapid turnover of C3, but that infused normal plasma
slows this inactivation dramatically.

Joun Zucker (Mount Sinai Hospital, New York):
Have you bad a chance to study any patients with
sickle cell disease, in view of recent reports of a defect
in opsonization of pneumococci in patients with this
disease?

Dr. Jonnston: Yes, we have, using this system.
There are some patients whose sera perform abnor-
mally. We haven’t found this to be as frequent a defect
as did WinNkEeLSTEIN and DRACHMAN, nor can we relate
the presence of an opsonization defect to an increased
incidence of infection, in particular, pneumococcal
infection. I don’t know yet quite what that means.

Jack MEetcorr (Michael Reese Hospital): Your
interesting paper called to mind a lovely talk by Dr.
KRreTCHMER yesterday in which he showed a picture
of six blind men looking at an elephant, and I wonder
if you can help at least one blind man get his hand on
the shoulder of another.

It has been demonstrated that phagocytosis is an
energy requiring phenomenon. VILLEE and others
have suggested that phagocytosis with energy (ATP)
utilization and with the generation of ATP will be
associated with glycolysis. You have demonstrated that
complement—some specific component of complement
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—is an important factor in phagocytosis. Is there a
relation between glycolysis and energy generation or
utilization and complement utilization or generation?

Dr. Jounston: That’s a fascinating question, and
I don’t know the answer, in short. There is a hint in
the literature that complement does have some role in
what goes on after the ingestate is ingested. We have
not tried to separate the effect of complement on inges-
tion from any effect it might have on subsequent intra-
phagocytic events.

22 Chronic Mucocutaneous Candidiasis: Definition of a
Cellular Immune Deficit. RicHARD A. CHILGREN¥*,
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Hivare T. MeuwisseN*, PAuL G. Quie, Ros-

ERT A. Goop and Ricaarp Honeg, Variety Club

Heart Hospital, University of Minnesota Col-

lege of Medical Sciences, Minneapolis, Minn.

Six cases of generalized mucocutaneous candidiasis

associated with cutaneous anergy have been reported.

Paradoxically, leukocytes from 5 of these 6 patients

respond in vitro to stimulation with phytohemagglutinin

(PHA) and/or C. albicans antigen with blast transforma-

tion and thymidine uptake. We have attempted to

passively transfer delayed hypersensitivity to 2 of these

patients by intracutaneous and subcutaneous injection
of 2 x 108 lymphocytes from 2 normal donors:

Patient Donor skin test Patient skin test Post transfer
C. alb. PPD C.alb. PPD
I Pos. . Pos. Pos. Day 1-14 Pos. Day 1-14
II Neg. Neg. Pos. Day 11-14 Neg.

These results suggest that the presence of normal sen-
sitized cells causes temporary reversal of the anergy,
allowing cutaneous manifestation of delayed hyper-
sensitivity. In patient I, donor cells appear to have
become sensitized in the recipient after 10 days. Normal
cutaneous delayed hypersensitivity seems to require
interaction of antigen with sensitized lymphocytes
causing release of a chemotactic factor, probably mi-
gration inhibitory factor (MIF), which leads to mono-
nuclear cell infiltration. The in vitro studies suggest
normal antigen-lymphocyte interaction in these pa-
tients, and their cutaneous response after donor cell
administration implies normal mononuclear infiltra-
tion. Therefore, we postulate a defect in the chemo-
tactic phase of cutaneous delayed hypersensitivity, i.e.
either a deficient, defective or inhibited MIF or other
chemotactic agent.

Discussion

Harorp LiscHNER (St. Christopher’s Hospital, Phil-
adelphia, Pennsylvania): Dr. CHILGREN, we have
talked about this, but I’m a little confused on a couple
of things.

Number 1, the transfer factor you gave, that you
mentioned at the last, produced positive skin tests in
the patient who apparently did not make MIF. Do I
have my patients right?

RicHARD A. CHILGREN: That is correct. There have
been additional developments since submission of this
abstract. First, we have added one patient with chron-
ic mucocutaneous candidiasis, a 25-year-old male, who
also has Addison’s disease, giving us a total of three
patients. Second, while patient IT was originally an-
ergic and temporanly became skin test positive follow-
ing administration of viable lymphocytes, she was lost
to follow-up after two negative skin tests. Now, 1 year
later, she was converted to a positive C.albicans skin
test. I cannot explain this, except to speculate that the
original cellular administration served as a source of
transfer factor.

In collaboration with Drs. Ross RockLin and Joun
Davip in Boston, we measured the Migration Inhibit-
ory Factor {MIF) production in these patients. Drs.
RockLin and Davip did the measurements in their
laboratory on patients I and II. Cells from patient I
failed to produce MIF in response to stimulation by
C. albicans and streptokinase and streptodornase, while
patient II, now skin test positive, did produce MIF.
These tests were confirmed in our laboratory. We also

tested patient I1I, and found that his lymphocytes did
not produce MIF. Therefore, the MIF production
correlates with the skin test results in these patients
and suggests that some patients with cutaneous anergy
and chronic mucocutaneous candidiasis have de-
creased or absent production of MIF.

With that background, 1 can directly answer your
question concerning the transfer factor. Dr. Joun
Davip prepared and administered transfer factor to
patient I. LAWRENCE ef al. demonstrated a number of
years ago that delayed hypersensitivity could be trans-
ferred passively through administration of the dialysate
of an extract of sensitized WBC’s. While patient I was
anergic and failed to produce MIF prior to adminis-
tration of the factor, within 1 week after receiving it,
skin tests to C.albicans and PPD showed > 10 mm in-
duration and erythema, and MIF production was
demonstrable in vitro.

Dr. LiscHNER: Now, how do you explain this?

Dr. CHiLGreN: It would appear that the transfer
factor is capable of ‘turning on’ MIF production,
thereby correcting this cellular deficiency and allow-
ing the demonstration of delayed hypersensitivity.
Transfer factor and MIF are not the same thing, and
how transfer factor effects this reconstitution I do not
know. This reversal of anergy is temporary, lasting
only about 3 weeks, implying that continued reconsti-
tution would require repeated injections of the factor.
Whether such reconstitution would favorably or ad-
versely affect the patients’ condition is unknown.

In any event, it is implied that transfer factor bas
functions other than sensitization of the lymphocytes,
since our in vitro data would suggest that the patients’
lymphocytes were already sensitized.

Dr. Liscaner: Could you tell us about how many
tests of the kind you showed of the MIF were done
on normal individuals, showing consistently less than
80 9% migration?

Dr. CHiLGreN: The production of MIF was meas-
ured by Drs. RockLiN and Davip using the supernat-
ant of antlgen-stlmulated human lymphocyte cultures
in a guinea-pig macrophage system, similar to the
method of THOR. In their hands, macrophage migra-
tion less than 80 % of the control indicates the pres-
ence of MIF in the supernatant and correlates well
with the skin test reactions. They tested six persons
skin test positive to C.albicans and eight persons skin
test negative to that antigen. Cell supernatants from
all of the skin test positive individuals inhibited migra-
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tion to less than 809 of the controls, with a mean
migration of 74 %. In contrast, cell supernatants from
all of the skin test negative individuals allowed migra-
tion greater than 80 % of the control, with a mean of
102 %. Using PPD as an antigen, the correlation be-
tween skin test and MIF was 15/16 for the positives
with a mean of 73 % and 10/10 for the negatives with
a mean of 96 %.

Patient IIT’s MIF production was measured only
in our laboratory. We have not yet accumulated a long
series of controls, and therefore, we compared this
patient’s MIF production with controls within each
individual experiment. In three separate determina-
tions using C.albicans antigen, supernatants from cul-
tures of this patient’s lymphocytes allowed migration
to a mean of 115 % of the controls, while the supernat-
ants from skin test negative controls allowed a mean
migration of 106 %, and the skin test positives a mean
migration of 67 %.

DanieL C. SmannoN (Massachusetts General Hos-
pital) : About 4 years ago, while working in Dr. FRANK
AusTIN’s laboratory, we were intrigued with this same
disease, and we had seven patients with the chronic
moniliasis, hypoparathyroidism, et cetera, syndrome.
Several years ago we studied seven patients with chron-
ic mucocutaneous moniliasis and metabolic disease.
The first three that we tested, both on skin testing and
in vitro lymphocyte culture with Candida antigen, were
negative, and we were quite delighted with this at
first. We then repeated the studies using another
antigen, this time prepared in 50 9% glycerol. This
antigen, both iz vitro and by skin test, showed positive
results in all seven of the patients. Thus, we discarded
the idea that there might be a defect in delayed hyper-
sensitivity in such patients.

Your patients appear to have only chronic muco-
cutaneous candidiasis, and I wonder if you think these
are two separate syndromes or if they are varying
manifestations of the same syndrome. I would like
your comments on this.

Dr. CuiLGrEN: These patients have been tested with
both forms of C. albicans antigen prepared by Hollister-
Stier Laboratories, the so-called metabolic antigen and
the Candida extract antigen. Under all test circum-
stances, these patients are skin test negative. The only
way we can elicit a response from these patients is to
increase the concentration of C.albicans antigen to a
very high level, for example, to 12,000 protein nitrogen
units (50 units are adequate for a normal). However,
this reaction is clearly a toxic one, as demonstrated by
the polymorphonuclear and eosinophilic cell infiltrate
in the skin biopsy.

In answer to your second question, we have a series
of eight patients with chronic mucocutaneous candid-
iasis. Three of these were presented here today, two
of whom have an associated endocrinopathy. Another
patient has very severe disease with cutaneous anergy,
but in contrast to the first three, has absence of in vttro
blastogenic response to phytohemagglutinin and C.
albicans. While she has no endocrine disease, she does
have chronic staphylococcal abscesses and -chronic
lung disease. The other four patients have no demon-
strable immune deficit, two having concomitant en-
docrine disfunction. While these may well represent
more than one disease, or a spectrum of a single proc-
ess, I do not yet see a way to clearly separate them
using clinical and immunological criteria together.
Perhaps the answer will lie in the meaning of the im-
munological deficiencies associated with this disease.
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To us, the single organism specificity of this disease,
the case histories of the patients and the other immun-
ological studies we have reported suggest that the im-
mune deficiency is acquired and probably secondary
toinfection with the organism. The deficiency may well
contribute to the perpetuation, severity, and progres-
sion of the disease, however.

FrepErIc M. Kenny (Children’s Hospital, Pitts-
burgh, Pennsylvania): Did you measure circulating
antibodies to parathyroid, adrenal, or thyroid tissue
in any of your patients presented today?

Dr. CuiLcren: No, this has not yet been done. We
have arranged to send sera to Dr. BLizzarp for this
purpose.

DEerrick LonspaLe (Cleveland Clinic): We have
two patients with this disease. In one of them the serum
will grow the Monilia very profusely, and if her serum
is transferred to a normal patient, the Candida will grow
profusely in this also.

It’s interesting that both these patients have re-
sponded dramatically and very fast to the use of Dio-
doquin. I wonder if you can comment on this.

Dr. CuiLeren: In 1964, Louria and Brayron de-
scribed the rapid decrease of C.albicans colonies after
the organisms were incubated in normal human sera.
This decrease in colonies was not observable when the
organisms were incubated in serum from certain chron-
ic mucocutaneous candidiasis patients. In addition,
patient sera, when added to normal sera, inhibited
this decrease in culturable organisms.

In 1967, we demonstrated that the mechanism of
this reaction consists of the formation, in normal serum,
of large clumps of C.albicans yeast and germ tube or-
ganisms. The resulting decrease in the number of
viable organisms was more apparent than real, since
if the clumps were disrupted, the colony count re-
turned to normal levels. C.albicans in the presence of
patient serum, or normal serum plus patient serum,
does not form these clumps, but rather continues to
grow the long germ tubes. An IgG antibody to C. albi-
cans is responsible for this phenomenon. Dr. Louria
and I agree that we are probably describing the same
thing. This inhibition to clumping is present in all three
of the patients described here today. I expect it is also
present in the sera of the patients you describe.

Dr. Lonspare: Can you comment on the Diodogquin?

Dr. CHiLGREN: We have not used Diodoquin.

I.J. Worr (Barnett Memorial Hospital, Paterson,
New Jersey): I also want to know about treatment.
How about Mycostatin? Have these patients been
treated orally with Mycostatin and locally with Myco-
statin?

I’m sure all practicing pediatricians see candidiasis
in the diaper area and other parts of the skin, and if
we don’t treat them, these infants and children have
candidiasis for months and months and come to you
from other physicians because they are not handled
properly; even though the immunology is normal, if
you don’t treat them adequately, they don’t clear the
candidiasis.

So how have these chronic patients been treated?

Dr. CHiLGREN: These patients have been treated
by almost every conceivable method, including Myco-
statin. In fact, at last count, 14 different regimens have
been tried on the first of the patients presented here.
None work, except intravenous Amphotericin B, which
unfortunately provided only temporary relief and pro-
duced a temporary 75 % drop in renal function and a
salt-losing nephropathy.
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The work we have presented today would suggest
that transfer factor or histocompatible bone marrow
might be used to correct the cellular immune deficiency
in patients such as those presented and to allow their
own immune mechanisms to control the infection. In
fact, the report of BuckLEY et al. suggests just this ap-
proach. Her patient with staphylococcal botryomyco-
sis was given bone marrow and peripheral blood from
her father, after the patient’s disease had been brought
under control with IV Amphotericin B. The disease
has not returned in almost 2 years, and the patient’s
response to skin tests was demonstrated 6 months after
the transplant. No evidence of bone marrow from the
father could be demonstrated, raising the speculation
that transfer factor, produced in vivo from the father’s
cells, accounted for the reversal of anergy and/or con-
trol of the disease.

I agree with Dr. WoLF that vigorous treatment of
oral and diaper area candidiasis with available anti-
mycotic agents is indicated in infants and young chil-
dren. Perhaps prevention of severe candidiasis is
equally important. Four of the very severe mucocutan-
eous candidiasis patients at our insititution were treat-
ed in infancy with prolonged courses of penicillin and
tetracycline. Such treatment may be what put them
into this situation.

23 Ocular Manifestations of Immunological Deficiency
Disease. MARTIN L. ScHULKIND* and Jorn M.
LitrLe*, University of Florida College of Med-
icine, Departments of Pediatrics and Ophthal-
mology, Gainesville, Fla. (introduced by Gerold
L.Schiebler).

Following the finding of an unusual diffuse fine
epithelial keratitis in a hypogammaglobulinemic pa-
tient who had blurred vision, a study of the ocular
findings in immune deficient patients was made. Of
the 8 patients studied, 6 had evidence of keratitis by
slit-lamp examination. The keratitis was associated
with absence of lacrimal IgA and less than the normal
number of conjunctival-lymphoid follicles. Interest-
ingly, these patients had few symptoms related to the
keratitis. The two patients who had no evidence of
keratitis also had normal amounts of conjunctival
lymphoid tissue, and one had normal level of lacrimal
IgA. These 2 patients differed from the other immuno-
globulin deficient patients studied in having no signi-
ficant infections for the past 2 years. One of these pa-
tients had received no gammaglobulin injections for
that same interval.

In most cases of keratitis no specific bacterial patho-
gen was isolated and a viral etiology is being investigat-
ed. Although the periodicity of the keratitis has yet to
be determined, the unique occurrence in these hypo-
gammaglobulinemic patients is striking.

These findings indicate that the eye is an easily ac-
cessible organ in which to assay some of the body’s
immune functions. The lacrimal gland and secretions
serve as a model secretory antibody system, the con-
junctivae as a source of lymphoid tissue for immuno-
histological studies, and the corneal status may reflect
how effectively the immune mechanisms function.

Discussion
Pearay L. OcrA (State University of New York,
Buffalo): Secretory gamma-A immunoglobulin spec-
ific for viruses such as polio, measles, influenza and
others have been demonstrated in the secretions of
respiratory and gastrointestinal tracts. The antibody
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appears to be predominantly of 11S type gamma-A.
In addition, measles virus antibody has been detected
in the lacrymal secretions after measles virus infection.

Have you performed any studies to detect ‘secretory
piece’ in the lymphoid tissue of the eye, and is the
gamma-A present in the conjunctiva, is 7S or 118.

MarTIN L. ScHULKIND: It was a goat antiserum to
11S human IgA.

ALFRED L. FLorMAN (New York University Medical
Center): This is a very interesting observation.

I would like to remind you that normal individuals
who have had measles—either naturally acquired
measles or live measles vaccine—may show the same
kind of keratitis with minimal or no complaint for as
long as 100 days after the onset of their measles. (JAMA
179: 568-570 [1962].)

Do you know whether your patients had either
measles vaccine or measles shortly before you made
your observations?

Dr. ScHULKIND: Most of these patients were teen-
agers or children around 8 to 10 years of age. One of
the patients was 24 years old. They had all had measles
earlier in their lives—natural measles.

Mary Soutn (Baylor University College of Med-
icine) : This is a beautiful demonstration of the biologic
significance of IgA. We have been studying this over
several years’ time, and we have found in our popu-
lation of agammaglobulinemics only one person who
was completely free of any kind of mucous surface
infection, and this person did have IgA, both in the
saliva, which we were studying, and in the blood.

Our other patients, who had no IgA at all in either
place, did have various infections of the mucous sur-
faces, including a very gross purulent conjunctivitis in
4 out of 20 patients.

I wonder if you have also studied the serum IgA
levels in your three patients?

Dr. ScuuLkinp: The serum IgA levels in all of these
patients, including the three patients without keratitis,
were abnormally low. In two of the three patients
having no keratitis, serum IgA was absent.

24 An Inhibitor of C’; Conversion Occurring During
Renal Allograft Rejection in Man and Experimental
Animals. EpmonD G. Steri*;, Rocer E. SpiTzEr*,
AnN E. Strrzer*, and Crark D. West, Uni-
versity of Cincinnati College of Medicine, Chil-
dren’s Hospital Research Foundation, Depart-
ment of Pediatrics, Cincinnati, Ohio.

The role of serum complement in allograft rejection
is not well established. Recently, a substance present in
the serum of 4 patients and several experimental dogs
has been demonstrated which inhibits the conversion
and deposition of human C’; by immune mechanisms.
When normal human serum reacts with aggregated
gamma globulin, the B antigen of C’; rapidly dis-
appears. In the presence of the inhibitor, however, this
disappearance of the B antigen, which parallels the
breakdown of (', is greatly reduced. The inhibitor
has not been demonstrated in the sera of patients with
glomerulonephritis, nor in the sera of normal dogs,
dogs with autotransplants, or dogs during the acute
phase reaction which follows a 30 % body surface burn.
In man, the degree of inhibition appears to be related
to the severity of the rejection episode as determined
by clinical means. Kinetic studies have shown that
the inhibitor reduces both the total magnitude as well
as the rate of C’y conversion. Further, it appears that
the locus of this inhibition is either at the C’; convertase
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center (C’5,) or on the C’; molecule itself. Whether this
inhibitor functions as a protective or destructive im-
munologic mechanism in allograft rejection is un-
known. The determination of the presence of the in-
hibitor, however, may prove to be a valuable labora-
tory means of detecting early transplant rejection be-
fore instituting a potentially dangerous therapeutic
regimen.

Discussion

Wirriam T. Kniker (University of Arkansas Med-
ical Center) : This is a very interesting observation, and
one which is exciting, considering its possible signifi-
cance. You pointed out that the phenomenon appears
within a day or two of a primary set graft, but is pres-
ent immediately at a second set graft. In various ex-
amples of immunological diseases involving purely
immediate hypersensitivity mechanisms, the phenom-
enon was not demonstrated.

I wonder if this factor might be manufactured or
released by lymphoid cells of the cellular immunity
system. To prove that this factor is a mediator of de-
layed hypersensitivity, you might study a transplanta-
tion model in which rejection is accomplished only
by antibodies. The phenomenon that you have de-
scribed should be absent in that case, if the factor is
indeed related to cellular immunity.

Rocer E. Sprrzer: We have not had the opportuni-
ty to try this type of model. The prospect is an intri-
guing one.

CuesTER ALPER (Children’s Hospital, Boston, Mas-
sachusetts) : We have described a normal serum pro-
tein apparently absent from the serum of a young man
with increased susceptibility to infection and rapid in
vivo conversion of C3 to C3b. We have tentatively
designated this protein ‘C3 stabilizer’, since an infu-
sion of normal plasma markedly decreased the C3 con-
version rate in the patient for a period of about 2 %
weeks. The ‘C3 stabilizer’ is heat labile, whereas the
protein you describe is heat stable so that they do not
appear to be the same. However, the protein you de-
scribe has similar physicochemical properties to the
G3 inactivator of NELsoN and his colleagues and the
conglutinogen-activating factor (KAF) described by
LacamMany and MULLEr-EBerHARD. Do you think
your inhibitor could be the same as this protein?

Dr. Spirzer: I do not believe that the inhibitor that
occurs during transplant rejection is KAF or NELsoN’s
C3 inactivator. These are probably one and the same
substance and act solely on bound C3. Our inhibitor
has no action on bound C3, but rather blocks the
activation of C3 by C3 convertase.

Dr. ALper: Do you observe C3 conversion directly
as with immunoelectrophoresis or antigen-antibody
crossed electrophoresis, or do you only measure dis-
appearance of B antigen and take that to mean con-
version?

Dr. Sprrzer: We can do both. Using the immuno-
electrophoretic precipitin method, we are able to
quantitate the conversion of C3 by the decrease in the
B antigen of G3. By immunoelectrophoretic analysis
or by immunoacrylamide gel electrophoretic analysis,
we can see conversion products and identify them by
the use of monospecific antisera to the three different
antigens of G3.

25 Physiologic Studies Following Lung Homotransplanta-
tion in Amimals. LeoNarD M. Linpe, Kazvo
Mowmma*, MicaageL T. Gyepes*, SEARLE Tur-
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NER*, GARrY STEVENS*, and Er1c FONKALSRUD¥*,
University of California School of Medicine,
Los Angeles, Calif.

Pulmonary and systemic vascular pressures and
blood gas concentrations were measured in four open
chest dogs 3 to 10 months following left lung homo-
transplantation (LLH). Measurements were made be-
fore and after right pulmonary artery (RPA) clamping
to evaluate function of the transplanted left lung. Initial
vascular pressures were normal in three, but one show-
ed collapsed left lung and mild pulmonary hyper-
tension. Initial systemic and main pulmonary artery
pH, pCO,, pO, and oxygen saturations were normal
in all four and did not change with RPA clamping in
the two dogs with homotransplantation within six
months although pulmonary artery pressures rose
slightly. In a second series, four heart catheterization
and angiocardiographic studies were done in two dogs
and one monkey 3 to 11 months after LLH. A balloon
catheter was used to transiently occlude the RPA for
measurement of transplanted lung function. Initial
pulmonary and systemic vascular pressures and pO,
were normal in one dog and did not change with RPA
occlusion. In the monkey, the transplanted left lung
was completely collapsed with no flow. In the remain-
ing dog, initial PA pressure was slightly elevated and
blood gases were normal. No change occurred with
occlusion of the RPA. Two months later, re-study re-
vealed marked pulmonary hypertension following
RPA occlusion and inability of the left lung to diffuse
O, although CO, could still be eliminated. These
studies indicate progressive vascular disease and loss
of respiratory function with time in the transplanted
left lung in spite of continued immunosuppressive
therapy.

Discussion

STANLEY GoOLDSTEIN (Downstate Medical Center,
Brooklyn, New York): Could you tell us what your
immunosuppressive regime was? You seem to have
gotten an unusually long survival time.

Leonarp M. LinDE: Yes. We uséd azothioprine
3 mg/kg and prednisone 1 mg/kg for 7 to 10 days after
operation. This was gradual%y tapered after recovery
to an eventual dosage of Imuran 0.25 mg/kg and
prednisone 0.5 mg/kg. And that was long-term im-
munosuppression—actually a very simple regimen.

26 The Induction of the Pulmonary Surfactant in the Fetal
Lamb by the Administration of Corticosteroids. Ros-
ERT A. pE LEMos*, DEnNis W. SHERMETA*, JOHN
H. Knerson*, RoBerT V. KoTas* and Mary
E. Avery, Johns Hopkins School of Medicine,
Baltimore, Md.
The administration of AGTH and corticosteroids to
fetal lambs of 110-130 days was shown to initiate pre-
mature parturition, and to lead to survival of some
lambs before one would have expected the pulmonary
surfactant to appear [Licacrns, G. C.,, J. Endocr. £2: 323,
1968 and BRUMLEY ¢t al., J.clin. Invest. 46: 863, 1967].
The possibility that the synthesis of the surfactant
could be induced by treatment of the fetus with steroids
was examined in ewes with twin pregnancies, in which
only one twin was given steroids. Catheters were placed
in the peritoneal cavity or jugular vein of the fetus and
exteriorized through the maternal flank to permit in-
jections of hydrocortisone, 50 mg/day i.p. or 20 mg/day
1.v. in 4 doses. The animals were born spontaneously
or delivered by c-section within 72 h. Some were still-
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born, others breathed and were sacrificed. In all 6 sets
of twins, the lungs of the treated animals differed from
the control animals: the volume of air at a peak dis-
tending pressure was approximately double that of the
controls; the volume of air at atmospheric pressure
was significantly greater in the treated animals; the
minimal surface tension of lung extracts was consistent-
lylowered by treatment. Adrenal weights of the steroid-
treated animals were significantly reduced. The find-
ings suggest that hydrocortisone was responsible for
the premature appearance of the pulmonary surfac-
tant. (Supported in part by USPHS grants HD 00281-
09 and AM 11218-02.)

Discussion

Nicroras M. NeLson (Children’s Hospital Medical
Center, Boston, Massachusetts): Did you look at the
great alveolar cell, and did you see any changes in the
osmiophilic bodies therein?

Also I'd like a clear statement as to whether you feel
that it is now appropriate to use ACTH in infants with
hyaline membrane disease.

RoBerT A. pE LEMos: We did not design the exper-
iment so that tissues could be fixed for electron micro-
scopy. Obviously, morphologic examination is a nec-
essary next step to determine the mechanism whereby
the changes we observed have occurred.

I would not be prepared to use ACTH or cortico-
steriods in the treatment of babies with hyaline mem-
brane disease. There is some scattered data on this
subject. A paper by Dr. SipNEY GELLIS some years ago
mentions the use of corticosteroids in the treatment of
hyaline membrane disease and suggests that the mor-
tality might be increased. )

I think there are too many potential detrimental
effects of corticosteroids to even suggest that they be
administered, either to the mother, to the fetus or to
the newborn at this time.

We certainly observed with this particular dose of
corticosteroids certain rather devastating morphologic
changes in organs other than the lung. When this study
is carried further, there is going to have to be careful
evaluation as to the effect this alteration of the intra-
uterine hormonal environment has on the total fetus.

Aran Hopson (University of Washington Medical
School) : I’m not quite sure I understand the differ-
ences that you are seeing in the deflation pressure
volume curves between 10 and 40 cm of water. There-
fore, I think the histological studies might be important.

Is there a difference in structure here, or do you
really think you can explain this phenomenon on the
basis of surface tension differences?

Secondly, I’m sure you have thought about the
mechanisms of possible induction, by steroid hormones
of enzymes related to synthesis of surfactant. I wonder
if you would care to hypothesize what the pathway or
pathways might be?

Dr. oE LeEmos: With respect to the first question, I
think the part that concerned us at the time we made
these observations is: Why, on the basis of induction
of the pulmonary surfactant, should the lung volume
be greater at maximal inflation? It’s quite clear from
previous work that we would expect the lung to retain
more air during deflation if the surfactant were pres-
ent. Studies done by STRANG in rabbits have shown
fairly clearly that the more mature lung also contains
more air at peak inflation. It could be a morphologic
change; it might also be an effect secondary to sur-
factant, atelectasis, and recruitment. We have no data
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from this study to choose between these alternatives.
However, it is clear that induction of the surfactant
has occurred.

The question of what the possible mechanism of
induction is leads to a great deal of speculation since
this study was not designed to test this question. I think
we can say that we have changes consistent, at least,
with functional appearance of the pulmonary surfac-
tant. It’s possible that the surfactant was already pres-
ent and required some structural or functional altera-
tion. It’s possible that we altered the pulmonary en-
vironment to make the surfactant more effective in
some manner. It’s also possible that we affected the
morphologic precursors of the surfactant.

I know that the fact that we saw changes in as little
as 10 to 12 hours is consistant with enzyme induction.
Corticosteroids have been demonstrated to reduce
enzymes in other biologic systems. Further studies are
indicated in this area.

RicuArD KravaTH (Montefiore Hospital and Med-
ical Center, New York, New York): Since you im-
planted catheters only in the experimental group of
animals, how did you control the effect that this in it-
self may have had?

Dr. pe Lemos: We tested this in another pair of
twins, and hopefully we will continue to test this. We
implanted catheters in one of the twin pairs in another
set of lambs and infused the diluent solution without
steroids. We noted over a very long time of infusion—
in this case, 6 days—no demonstrable difference be-
tween the animals.

Paur Benke (University of Wisconsin Medical
School) : Do you have any gas exchange data to see if
the treated animals had a more effective exchange?

And, does phenobarbital induce surfactant activity ?

Dr. pE Lemos: We do not really have any useful
functional information about the state of the lung after
birth. We chose other parameters of maturation so
that survival and the condition of the lung after birth
was not essential.

None of these lungs were really normal. They all
were more normal than the twin control, but in no
case am I willing to say that the lung was normal
functionally, because only one or two of the animals
survived for 36 hours.

As far as phenobarbital is concerned, if in fact
steroids are inducing an enzyme, then it would be
intriguing to try phenobarbital, since it is quite clear
that that is an effective enzyme inducer. But as I said
before, although I suspect it may well be that cortico-
steroids are inducing an enzyme, it is also possible that
some other mechanism comes into play.

We do know from scattered information done by
many other workers that administering corticosteroids
to the fetus causes a wide variety of developmental
changes. It clearly affects the kidney. In the lamb it
affects the liver in the sense that all evidence of hema-
topoietic function disappears—at least all morphologic
evidence of hematopoietic function disappears. It has
beenshown toaffect the brush border of the duodenum.
There is some question of its role in thymic develop-
ment. The overall role of steroids in the developing
fetus is quite vast and, in this dose, apparently quite
devastating. I think although this dose of steroids to
the fetus has beneficial effects on the lung, it’s also
quite clear that there are devastating effects on the
fetus in total. ’

Dr. BENKE: But you have not tried phenobarbital?

Dr. pe Lemos: I have not tried phenobarbital.
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Danier C. SuannoN (Massachusetts General Hos-
pital): I wonder, first of all, if the greater volumes in
treated animals at any given pressure of inflation
could represent alteration of elastic tissue structure
as a toxic effect of hydrocortisone, which is known to
be of major importance in this area of the pressure-
volume loop.

And secondly, have you tried using hydrocortisone
in the subphase of your Wilhelmy balance, to see if it
in any way alters the surface tension characteristics
of surfactant as you extract it from these lungs?

Dr. pe Lemos: With respect to the first question,
I think it’s a very real possibility. I don’t know. It’s
something that has to be tested.

With respect to the second, no, I haven’t, and I
don’t know whether this has been done. It may well
have been done by others.

Davip W. Smrta (University of Washington Medi-
cal School): There would be one natural situation in
the human, that of anencephaly, where you not un-
commonly have pituitary deficiency and secondary
hypoplasia of the adrenal. Have you looked at any
patients with anencephaly, who generally die shortly
after birth, in terms of the lung morphology or lung
surfactant. This might be a somewhat natural exper-
iment in the human toward your basic question.

Dr. pe LEmos: I think there are two factors—or more
than two; there are multiple factors involved here.

Yes, at least one anencephalic infant has been looked
at, and he was found to have normal lungs when he
succumbed shortly after birth.

We’re not suggesting that the absence of cortico-
steroids, or the absence of fetal production of cortico-
steroids, is going to prevent pulmonary maturation.
Many anencephalic infants have prolonged gestation.
It’s conceivable that this has to do with the timing of
maturation, that is, if the corticosteroids are present
at the appropriate time, it turns on the mechanism,
but if they are absent, ultimately the mechanism would
be turned on anyway by something else or by itself.

Obviously, the next experiment is to attempt to
adrenalectomize the animal and see if we can do the
converse. Technically, this has proven difficult in the
sheep, but we are in the process of trying to work it out.

There are certainly many differences between man
and sheep, and I think this has to be emphasized. In
man, at least up to this point, it has been assumed that
steroids cross quite readily from mother to fetus,
whereas in sheep, it had been assumed that there was
a rather significant gradient against transport of
steroids from mother to fetus.

We now find that no such gradient exists in the
fetal lamb, that is, there isn’t any real gradient be-
tween mother and fetus, but there are, perhaps, other
factors interfering with steroid transport.

A great deal needs to be learned about maternal-
fetal steroid relations before we could makeanyhypoth-
esis to try to go from this study in sheep (an animal
with a five-layered placenta and many protein differ-
ences between mother and fetus) to man (an animal
with a three-layered placenta with much easier ex-
change of protein across the placental barrier).

Therefore, there are many possibilities and little
evidence. I don’t know whether this information has
any applicability to man at all. T think it just opens
the door for, really, hundreds of investigations.

27 The Effect of Fluorescent Light on the Toxicity of
Bilirubin (in Vitro Studies). Nasrorran Hara-
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mr*, RoBerT P. Ico and Natuan J. Smrrh,
University of Washington School of Medicine,
Seattle, Wash.

Phototherapy is being used to prevent hyperbilirubi-
nemia. These studies were designed to determine if
photodecomposition products of bilirubin are toxic and
whether they bind with albumin. The toxicity of photo-
decomposition products were determined by their
inhibitory effect on mitochondrial NADH-oxidase
which is shown to be strongly inhibited by bilirubin.
It was found that as a result of exposure to light, both
free and albumin bound bilirubin are successively de-
composed to green (biliverdin) and yellow compounds.
At a final concentration of 1.6 x 10-> M, both bilirubin
and biliverdin inhibit NADH-oxidase activity by 50 %
while yellow compounds have no inhibitory effect up
to a concentration of 3.2 X 10-> M and only minimal
inhibition at concentration of 6.4 x 10-> M. Inhibition
of NADH-oxidase by bilirubin and biliverdin could be
reversed by addition of fresh human serum to the reac-
tion mixture. However, at a serum concentration
where 100 % correction of bilirubin toxicity could be
achieved only 50 % correction of enzyme inhibition
by biliverdin was observed, suggesting that biliverdin
binds less with albumin as compared to bilirubin. The
binding of biliverdin to serum albumin was also de-
monstrated by cellulose acetate electrophoresis. At
pH 7.4, biliverdin incubated with serum migrates with
albumin fraction, while free biliverdin migrates con-
siderably faster. No albumin binding of yellow com-
pounds could be demonstrated by Gel filtration chro-
matography. These results suggest that early products
of bilirubin photo-oxidation (biliverdin) are toxic and
bind with albumin, while later products (yellow com-
pound) are non-toxic and do not bind with albumin.

Discussion

GerarD B. Obperr (Johns Hopkins University
School of Medicine): When you did the photooxida-
tion of your bilirubin and then subsequently electro-
phoresedit, did you look for protein binding by electro-
phoresing it at pH 7.4 rather than 8.6?

And, have you tried the photooxidation in the Petri
dish in which you have an equimolar amount of bili-
rubin and albumin, and then study. the ultrafilter-
ability of your 4-hour oxidation product?

NasroLrLAH Hakami: We have electrophoresed the
product of bilirubin photooxidation at pH 7.4, and
find very similar results to pH 8.6.

With respect to your second question, when albu-
min-bound bilirubin is exposed to light, qualitatively
the same changes in color and spectrum occur although
at a much slower rate. We have not studied the ultra-
filterability of these pigments prepared as you de-
scribed.

Paur Benxke (University of Wisconsin Medical
School): In addition to blocking NADH oxidase,
bilirubin also uncouples oxidative phosphorylation.
I wonder if you have any idea which effect 1s more
important in the production of central nervous system
toxicity.

Dr. Hakami: We have not studied the effect of these
products on oxidative phosphorylation. We chose to
study this enzyme because it is inhibited in a predict-
able way by a group of chemicals that have in com-
mon a carbamide group and lipid solubility. Bilirubin
is one of this group of chemicals. We do not equate
this inhibition with neurotoxicity. However, all of this
group of compounds, which inhibit NADH, oxidase,
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such as, Amytal, phenobarbital, Sedormid, etc., are
central nervous system depressants.

Tromas R. C. Sisson (St. Christopher’s Hospital for
Children, Temple University School of Medicine):
Would you suggest from this work that intermittent
irradiation of bilirubin in vivo might indeed be rather
more hazardous to the jaundiced patient than constant
irradiation? If biliverdin is, after all, an undesirable
initial product of bilirubin photodecomposition, it
seems that prolonged irradiation would result in other
pigments than biliverdin, pigments that do not have
the inhibitory effect you have found biliverdin to
produce.

Dr. Hakami: We have considered this possibility.
However, we have not done any i vivo studies to clarify
this problem.

Joun T. WiLsoN (Children’s Hospital, San Fran-
cisco, California): Phenobarbital also has been used
to decrease bilirubin levels in blood of infants, and,
in some instances, phenobarbital and light have been
used together in the neonatal period. Do you have
any data, or would you care to comment, on what
happens to the breakdown products of bilirubin when
infants are exposed to both light and phenobarbital?

Dr. Hakamr: We don’t have any data. We have not
used the combination of phenobarbital and light ther-
apy in infants.

JeroLD F. Lucey (University of Vermont College
of Medicine) : Have you had any opportunity to study
the serum from infants treated with phototherapy?
We have looked into the problem of whether biliverdin
actually occurs in human newborn infants who have
received phototherapy, and, using two different meth-
ods, we have been unable to demonstrate the presence
of hiliverdin in the serum.

Dr. Hakawmi: To date, we have looked for the early
products of bilirubin photooxidation in the serum of
only one infant and have noted some increase in optic-
al density between 600 and 700 myu. More studies are
being undertaken to substantiate this further.

Avuprey K. BRown (University of Georgia Medical
School): Did you do these experiments only in air,
coupled with light, or did you do them in a nitrogen
atmosphere as well? One can certainly get the initial
conversion just by exposing bilirubin to air.

The other question I had was in relation to your
attributing the toxicity to the products. Were these the
dialyzed, water-soluble products?

Dr. Hakami: We had some previous experience,
which showed that molecular oxygen is required for
complete photooxidation of bilirubin to proceed to
yellow compounds, and as a result of this experience,
we exposed small aliquots of bilirubin in covered Petri
dishes. This facilitates the availability of the oxygen.
Exposure of bilirubin to light in the absence of oxygen
results only in biliverdin. Similarly, in the presence of
oxygen and absence of light, only biliverdin is pro-
duced. Therefore, for complete photooxidation of bili-
rubin, both oxygen and light is necessary.

In answer to the second question, our studies suggest
that the 4-hour product.of bilirubin photooxidation
contains biliverdin, which is more polar, and therefore
more water soluble than bilirubin. This product be-
haves the same as crystallized biliverdin in terms of
inhibition of NADH,-oxidase and protein binding.

PauL Scuurtz (Children’s Hospital, Philadelphia,
Pennsylvania): Recent work by Drs. SILBERBERG,
Jounson, and ScruTTA has corroborated your work,
using tissue culture of rat cerebellum as the experi-
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mental model. When bilirubin is incorporated into the
medium, characteristic neurotoxic changes occur.
However, when these bilirubin-containing media are
exposed to light, the characteristic neurotoxic changes
are not found, either by routine microscopy or ultra-
structurally.

28 Repression of Erythrocyte Antigen Development by
Antibodies, Following Intrauterine Transfusions.
Frossie CoHeN and WoLr W. ZugrLzer, Child
Research Center of Michigan, Wayne State
University School of Medicine Department of
Pediatrics, Detroit, Mich.

In an infant with Rh hemolytic disease who had
received 6 intrauterine transfusions, serial studies of
the red cell population by agglutination, antiglobulin
test (AGT) and fluorescent antibody method (FAM),
permitted discrimination between the infant’s own
group A (A;) Rocells and the transfused group 0 Rh
neg cells. At 7 weeks of age a minor population of
+5 % of weakly reacting group A cells was demon-
strated by their reaction with anti-A, B, but none of
the cells showed any R, (D) reactivity. At this point
the AGT was negative despite free R,) (D) antibody
in the plasma. The true phenotype (‘strong’ A;) of
the group A cells was first established at 9 weeks of age
when roughly 10 % of the circulating red cells were
the infant’s own. At this same time however, only a few
cells gave a weak R, (i.e. Du-like) reaction, and the
AGT remained negative. Even when (at 19 weeks)
100 % of the cells were the infant’s own, the Rh reac-
tion remained very weak, although eventually (at
9 months) they proved to be strongly R,, the true
phenotype. As the cause of the weak R, (D) reactivity,
steric hindrance was ruled out, by the consistently
negative direct AGT and by experiments done when
the cells had become fully reactive. Similarly, a dilu-
tion effect as a result of the intrauterine transfusions
was excluded by the temporary persistence of weak Ro
(D) reactivity when 100 % of the cells were the infant’s
own and by experiments with artificial mixtures of the
fully reactive patient’s cells and Rh negative cells. This
represents to our knowledge, the first known example
of repression of antigen formation in a growing cell
population by its specific antibody. (Supported by
NIH Grant No. 00505.)

Discussion

Joux M. Bowman (University of Manitoba, Winni-
peg, Manitoba, Canada): Early in our fetal transfu-
sion series, we had a fetus who was given three fetal
transfusions at a somewhat later period, starting at
28-weeks’ gestation. The baby, a boy, was born with
a cord hemoglobin of 17 g/100 ml, and was Coombs’
negative, that is, all the red cells in this baby’s circula-
tion were donor in origin. He did not require any
exchange transfusions after delivery, but did develop
the type of anemia that Dr. CoHEN has just described.
At 10 weeks of age, with the first appearance of group
A red cells, the baby reverted from Coombs’ negative
to Coombs’ positive. The minor red cell population
at 10 weeks of age had a well developed Rh antigen.

Frossie Conen: If I may remind you, this baby re-
ceived six intrauterine transfusions from 23 to 33 weeks
gestation and had none of her own red cells in the
circulation until roughly 12 weeks after birth. This
would indicate a very prolonged period of marrow sup-
pression, probably down to a stage in erythropoietic
differentiation (I am not sure how far back that is) be-
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fore the Rh antigen is first differentiated. When sub-
sequent marrow regeneration was resumed, Rh anti-
genic differentiation had to occur in the presence of
considerable Rh antibody, and there was a suppression
of the Rh antigen for at least as long as the antibody
was present {5 months). I don’t believe that one would
expect these exact same findings in infants receiving
two or three intrauterine transfusions with shorter
periods of marrow suppression.

Dr. Bowman: Our baby had a lot of free antibody
up to 10 weeks, and I do agree with you that the fetal
transfusions were started later, but from zero reticulo-
cyte counts and from the fact that the baby’s total bili-
rubin never exceeded 6.5 mg/100 ml, there was for
some period total suppression of this baby’s marrow.

Dr. Couen: Even though thisis one complete though
isolated report, we have had the opportunity to observe
another such baby who received six intrauterine trans-
fusions and whose erythrocytes had only A reactivity
and no Rh reactivity at 6 weeks, but who later was
quite clearly Rh positive.

Max D. Cooper (University of Alabama, Birming-
ham) : Could you tell us what was going on in the bone
marrow at this time, and did you look for these anti-
gens on cells of the bone marrow?

For example, if there was circulating antibody to
RO (D) antigen, RO (D) cells in the peripheral blood
could have been swept from the circulation by reticulo-
endothelial system clearance.

Since these antigens are present at an early stage of
differentiation, search for RO (D) cells in the bone
marrow might better reflect their production of this
antigen or lack of it.

Dr. CoHEN: We saw the baby for-the first time at
7 weeks, when there was less than 1 % of reticulocytes
in the peripheral blood, even though the bone marrow
showed both a myeloid and erythroid hyperplasia.
These findings initially suggested to us an active
clearance of the infant’s Rh positive erythrocytes soon
after or just before their exit from the bone marrow
as the likely mechanism of the anemia. Later, however,
this interpretation proved incorrect, when subsequent
examinations revealed progressively increasing num-
bers of the infant’s own erythrocytes (identified by
their A reactivity) surviving in the circulation in the
presence of large amounts of Rh antibody and with
a consistently negative direct antiglobulin reaction.

29 Total Extracorporeal Support (‘Artificial Placenta’)
in Term Lamb Fetuses for Periods up to 28 Hours.
WarreN M. Zapor*, THEODOR KoroBow*,
Josepn E. Pierce* and RoBerT L. Bowman®*,
National Institutes of Health, Bethesda, Md.
(introduced by Gordon Avery).

In certain medical conditions involving the neonate,
total respiratory support of the subject would be thera-
peutically desirable. The study of fetal pharmacology
and physiology would also be facilitated by isolated
extracorporeal perfusion. While developing such a
support system we have carried out prolonged total
fetal lamb perfusion utilizing our constant volume
silicone membrane oxygenator. Lamb fetuses (3—-4.2kg)
obtained by caesarian section were cannulated via both
umbilical arteries retrograde into the abdominal aorta
with thin walled, non-kinking polyurethane cannulae
(0.082”” OD., 0.010”" wall thickness). Blood was gravity
drained into a closed reservoir and pumped at rates
of 80-265 cc/kg/min through a 0.4 m? membrane oxy-
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genator into the umbilical vein, Extracorporeal vol-
ume was 240 cc. Fetuses were immersed in a synthetic
amniotic bath at 40°C;. glucose, heparin and anti-
biotics were continuously infused. Perfused fetuses
exhibited spontaneous physical activity throughout
perfusions, sucking, swallowing and reacting to painful
stimuli. Aortic pressure in term fetuses averaged 110/
60 mm Hg. Blood pH, pO, and pCO, were maintained
within normal fetal limits. Plasma free hemoglobin fell
from 80 mg % (average) to 30 mg % within 12 h; blood
lactate fell from 50 to 30 mg % within 6 h. Fetal O,
consumption (Van Slyke determination) ranged from
5-9.5 cc/kg/min and CO, production ranged from 5.5—
10 cc/kg/min. Fetal perfusions and metabolic studies
have been performed with this system for up to 28 h.
Prolonged total or partial respiratory support of the
premature infant is supported by such favorable results.

Discussion

Donavrp V. Errzman (University of Florida College
of Medicine): What are the blood pressures you get
on your lamb fetuses before you put them on the
perfusion?

WARREN M. Zaror: Heparinized lamb fetuses
bleed if their skin is traumatized; we, therefore, do
not perform additional cutdowns to monitor blood
pressure. Clamping the umbilical arterial outflow for
2 or 3 sec allows us to measure a pressure which is about
85/50 mm Hg in healthy 3-kg fetuses.

Dr. Errzman: I would guess from other experiences
that they would be somewhere around a systolic pres-
sure of 65 to 75 mm Hg, and the pressures you had
listed here in the abstract were 110; is that correct?

Dr. ZapoL: Instantaneous umbilical arterial clamp
pressure is very nearly a function of pO,, as has been
shown by the work of Georrrey Dawes. The fetus
appears to regulate his arterial pressure well, in spite
of the fact that our placenta takes one-half of normal
biologic placental flow.

Dr. Errzman: Well, there is also the possibility that
some sort of pressor substance, or else something that
might change the resistance, could be released or
activated by the perfusion apparatus that you are using.

A.I. Murpock (Hospital for Sick Children, To-
ronto, Ontario, Canada): Dr. WALTER ZINGG of the
Hospital for Sick Children has developed a membrane
oxygenator. One of the difficulties encountered in ap-
plying the oxygenator to newborn infants, in un-
responsive respiratory failure, has been the small bore
of the catheters that must be used.

What is the minimal catheter size that you can use
with your oxygenator that will permit a blood flow of
150 ml/min?

Dr. ZarovL: Using our presently designed catheter,
which is 0.082 inches I. D., 0.010 inches wall thickness,
we obtain a blood flow of about 75 ml/kg/min from
two umbilical arteries with no arterial pressure, and
30 cm of gravity drainage. With a mean arterial pres-
sure of 70 mm Hg, we can achieve flows of 400 ml/kg/
min.

GeoRGEe C. EmmanouiLipes (UCLA-Harbor General
Hospital) :

In the initial portion of the film, it appeared that
the fetus was making regular respiratory movements.
Since you have so nicely controlled the blood gases
and pH in these fetuses, could you tell us if you have
any data regarding the cause of such respiratory move-
ments. Is it hypoxia or acidosis, or both combined,
which produces such breathing movements?
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Dr. Zaror: Using a membrane lung, you can sep-
arate oxygen transfer into the blood from carbon di-
oxide transfer out of the blood. Keeping pH and pCO,
constant and normal, lowering pO, will induce major
fetal respiratory efforts in 3-kg fetuses.

Isolated hypoxia will start and keep a fetus breath-
ing, but by increasing his pO,, you can stop the mo-
tions. Acidosis or hypercapnia without hypoxia will
not make a fetus begin respiratory motions.

RicuHARD E. BEHRMAN (University of Illinois College
of Medicine): Can you tell us whether in any of your
experiments you delivered an infant after perfusion
who survived?

Dr. ZaroL: We have perfused fetuses in good con-
dition for up to 55 h. Since presentation we have
delivered a 3-kg fetus after 4 h of total perfusion, and
she is a long-term survivor.

30 Immunopathologic Studies of Insulin-Resistant Dia-
betes Mellitus. W. Pace FauLk*, Cor. EDWARD
J. Tomsovic*, and H. HucH Fupenserc*, Uni-
versity of California Medical Center and Letter-
man General Hospital, San Francisco, Calif.
(introduced by Melvin M. Grumbach).
Anti-insulin antibodies bind I'¥l-labeled insulin in
vivo, but the biologic ramifications of the resultant im-
mune complexes are unknown. An 8-year-old white
male insulin-resistant diabetic was diagnosed and
treated with injectable insulin since age 3 years. Mark-
ed hepatosplenomegaly and lymphadenopathy were
noted at age 3 years 2 months, and Coombs’ positive
hemolytic anemia at age 7 years 7 months. Lymph
node biopsies and marrow aspirations revealed no
lymphoproliferative disease. High titer insulin-I'%!
binding and hemagglutinating antibodies against beef
and pork insulins have persisted for 5 years. He has
developed normally. The child’s mother has ulcerative
colitis, but immunopathologic studies on the family
showed no significant abnormalities. Evaluation of
immunologic competence proved the patient to be
intact for both cellular and humoral immunity. Molec-
ular sieve and ion-exchange chromatograph studies of
the patient’s anti-insulin antibody revealed a 7S im-
munoglobulin G of both fast-and slow electrophoretic
mobilities. The molecule was composed of light chains
of only lambda specificity. The protein responsible for
the child’s Coombs’ positivity was eluted from his
erythrocytes and found to be biochemically and anti-
genically identical to the serum antibody. Anaphylactic
properties of the antibody were studied, and anti-
nsulin immunoglobulin producing plasma cells were
identified in the child’s bone marrow.
The data show that the patient’s monoclonal anti-
insulin antibody mediates both immunopathologic
reactions of hemolysis and insulin-resistance.

Discussion

Wirriam T. KNIKER (University of Arkansas Med-
ical Center): It is generally acknowledged that a very
sensitive way to detect chronic circulation of soluble
circulating antigen-antibody complexes is to find
granular deposits of antibody, antigen, and comple-
ment along glomerular basement membranes by im-
munofluorescence. Do patients with brittle diabetes,
in whom large amounts of antigen (insulin) and anti-
body are believed to circulate in a complex form, have
granular deposits of gamma globulin, insulin, and
complement along their glomerular basement mem-
branes?
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W. Pace Faurx: We haven’t thought that it was
justified to do a renal biopsy on this child.

However, there are some investigators using a mod-
ified form of immunofluorescence (Berns, A.W. et al.,
Diabetes 11: 308 [1962]) who say that they find insulin
in the glomerulus of rather severe adult diabetics.
We haven’t had an opportunity to test that hypothesis
as yet.

RoserT E. GREENBERG (Stanford University School
of Medicine): The assumption here that a state of
insulin resistance is present, I think, is subject to very
significant question. For example, in every diabetic
who receives insulin for any given period of time, anti-
bodies are demonstrable, and I think it has been pretty
well shown that antibody titers that do not bind more
than 60 punits/ml cannot clearly be shown to be asso-
ciated clinically with insulin resistance.

Furthermore, everyone recognizes that a dose of
insulin that is arbitrarily high 1s not, in and of itself,
a very justifiable basis to claim insulin resistance.

Thus, what really solid evidence do you have on
which you are claiming a state of insulin resistance?

And, have you tried to compare the antibodies pres-
ent in every diabetic with the antibodies recoverable
from this patient?

Dr. Faurx: Itis said that insulin resistance in adults
is defined as requiring 200 units of insulin per day.
This figure was accepted because one is capable of
abstracting 200 units of insulin from a normal adult
pancreas. This child was taking 100 units of insulin
when he was 3 years old: this is rather solid evidence
of insulin resistance.

Dr. GreenBerG: I was struck by the relatively low
binding capacity, in view of the binding capacities
demonstrable in almost every child with diabetes.

Dr. Faurk: No, these titers are not low. Done by
the classic method of BErson and YaLow, they might
be considered low. These titers were determined by
the hydrodynamic flow technique using bovine or
porcine insulin I, as described by FELDMAN et al.
(Amer.J. Med. 35: 411 [1963]). Diabetics who are not
insulin-resistant tend to have titers less than 1 as done
by this method. This child’s titer was 9.

I would say that this child does in fact have severe
insulin resistance.

The case in point has been shown to share certain
features of soluble-complex disease. Was this unique
to this child, or was this a general phenomenon in the
treatment of diabetes? I might sgy that up to this point
we have studied several cases. Of these cases more than
half were insulin resistant by the standard criteria.
All of the insulin resistant patients had significant
amounts of soluble complexes. None of the patients
who were all right on 30 or 40 units of insulin per 24 h
had significant evidence of soluble complexes.

I think there is, however—at this early phase it is
hazardous to say so—a direct relation between soluble
complexes and insulin resistance, or at least the com-
plications of insulin resistance.

Paur Benke (University of Wisconsin Medical
School) : Hw can you be so sure that this patient does
not have a lymphoproliferative disorder?

And also, in view of elevated lambda protein in
serum, does this patient have Bence-Jones protein in
his urine?

Dr. FauLk: He does not have Bence-Jones protein
in his urine.

There have been several articles saying that red cell
antibodies (which were the easiest ones to study) are
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very often of only lambda- or kappa-chain specificity.
The last report of this was LepDY ¢t al., J.exp. Med.
127: 1 [1965].

This child has had lymphadenopathy for 7 years
with normal marrow and lymph node studies. These
do not support a diagnosis of lymphoproliferative dis-
ease.

E. RicaarD Stieam (University of Wisconsin Med-
ical School) : You showed us that the eluate reacts with
insulin coated red cells, gamma G. Did you use red
cells that were not coated with insulin, and show that
they did not react?

Dr. Faurk: Yes. We ran them through a complete
red cell panel, and they did not react.

Joun B. Roseins (Albert Einstein College of Med-
icine): I don’t understand your assumption that the
antibodies that are causing the hemolysis are anti-
insulin antibodies.

Dr. Faurk: Red cells do not recognize his antibody.
‘When one puts insulin on red cells by means of tannic
acid or chromic chloride, his antibody then recognizes
the insulin-coated red cells.

Another proof of specificity is to take his antibody
and measure it in vitro by means of radioautography
with ¥1I-insulin. This is an anti-insulin antibody. It is
not an anti-red-cell antibody.

Dr. Roseins: Then I don’t understand your as-
sumption that the hemolytic anemia is due to anti-
bodies to insulin. Isn’t that what you concluded?

Dr. FaurLk: His hemolysis could be caused for two
reasons. One is that if he has antigen-antibody com-
plexes on his red cells, all he needs is complement, and
he has a classic passive immune lysis system.

Another possibility could be viewed 1n terms of the
classic opsonization system. His red cells could be coat-
ed with soluble complexes and stimulate an immune
clearance by the reticuloendothelial system.

Dr. Rosains: I assumed from your talk that you
said that the anti-insulin antibodies, and perhaps anti-
insulin antibody-insulin complexes, were the hemolytic
agent. You mean that you do not have direct proof
for that assumption?

That is, if you take your antibody, dissociate it from
insulin, coat it with insulin, do you have proof that it
will adhere to a red cell?

Dr. Faurk: Yes.

Dr. KucamaN (McMaster University, Hamilton,
Ontario, Canada): Have you tried using immuno-
suppressives in this patient? And if so, with what re-
sults?

Dr. FauLk: None other than prednisone, but it con-
trols his hemolysis.

DeLBerT A. Fisuer (UCLA-Harbor General Hos-
pital): Has the proportion of soluble complexes de-
creased on dealanated pork insulin? If so, what period
of time did this require? Do this patient’s plasma cells
recognize dealanated insulin?

Dr. Faurk: Yes, unfortunately they do. However,
the proportion of soluble complexes has decreased on
the hypoallergenic insulin.

CarL H. Smita (Cornell Medical College): Dr.
CanaLe and I described a syndrome a few years ago
(J-Pediat. 70: 891 [1967]) of children who presented
the same picture, but not diabetes. These children
showed marked lymphadenopathy of 3 to 13 years
duration, the features of splenomegaly, anemia and
thrombocytopenia. I am wondering whether the dia-
betes you have in your case has not been superimposed
on the syndrome we described.
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Dr. Faurk: That may well be true. Do you perhaps
know if your cases had soluble complexes in their sera?

Dr. Smrta: I can’t answer that.

MarcorLm H. MarTiN (Georgetown University) : If
I understand you correctly, you said you have another
15 children who require over 100 units of insulin.

Dr. FauLk: These are adult diabetics.

Dr. MarTiN: Oh. That changes it somewhat. To
have 15 children who require over 100 units of insulin
would be fairly odd in most people’s experience, and I
was beginning to wonder how you treated your dia-
betic children to get them all insulin resistant.

CuarMaN Horripay: Dr. Fauik, of the other 15
patients with resistant diabetes, did any of them have
lymphadenopathy?

Dr. Faurk: No. It’s very likely that this child has
some disease that we don’t know about. However, he’s
had it a long time.

Frossie CoreN (Child Research Center of Michi-
gan): Did you look for viruses in the enlarged lymph-
nodes? In support of Dr. SmiTe’s comments, what you
describe might very well have been two seperate en-
tities. A virus infection would explain the clinical
symptomatology of enlarged lymph nodes, etc. and
could in turn have rendered the erythrocytes suscept-
ible to a nonspecific attachment of the soluble antigen-
antibody complex.

Dr. FauLk: That is certainly possible. Which viruses
do you have in mind?

Dr. Couen: Quite a few. Did you look for any?
Cytomegalovirus for one is very ubiquitous, and has
been reported to have been associated with somewhat
similar phenomena (ZUELzER ¢/ al., Transfusion 6:
438-461 [1966]).

Dr. FauLk: Yes, we have looked for that. We have
actively looked for infectious agents without success.
Did he have normal red cells? These were screened
for enzyme defects and alterations of osmotic fragility,
and they behaved as if they were perfectly normal.

Dr. Conen: Except for a shortened survival.

Dr. Faurk: Yes, because they are coated with im-
mune complexes.

31 Secretion Rates of Cortisol and Aldosterone Precursors
in Various Forms of Congenital Adrenal Hyperplasia.
Maria I. NeEw and Mary P. Seaman®, Cornell
University Medical College, New York, N.Y.

To elucidate the site of the enzyme deficiency in
various forms of congenital adrenal hyperplasia, a
method has been devised for the simultaneous determi-
nation of the secretion rates of cortisol and aldosterone
precursors. Secretion rates of cortisol (F), 11-desoxy-
cortisol (S), corticosterone (B), 11-desoxycorticoster-
one (DOC) and aldosterone (aldo) were determined
in 10 normal subjects, children with simple virilizing
adrenal hyperplasia (21-hydroxylase defect), hyper-
tensive virilizing adrenal hyperplasia (11-hydroxylase
defect) and a family with dexamethasone suppressible
hyperaldosteronism under the following conditions:
normal, low and high sodium (Na) diets, administra-
tion of metyrapone, dexamethasone and intravenous

ACTH. The mean daily normal secrefion rates were:

F-7.5 mg/m?; S-.26 mg/m?; B-2.2 mg/m?; DOC-

.055 mg/m?; aldo—.13 mg/m?2. Changes in dietary Na

altered only aldo secretion. ACTH administration

raised B and F secretion significantly. Metyrapone in-
creased S and DOC secretion more than ACTH but
decreased B, F and aldo secretion. In 2/-hydroxylase
defect the secretion rates of B, ¥, DOC and S do not
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increase appropriately with ACTH and aldo secretion
shows a blunted increase with low Na diet. Secretion
of B and F were below normal under all conditions. In
the /1-hydroxylase defect the secretion rates of B and F
are very low and do not increase with ACTH while
the secretion rates of DOC and S are 100 X normal and
increase further with ACTH and metyrapone. Aldo
secretion is very low and does not increase with Na de-
privation. In the syndrome of dexamethasone suppressible
hyperaldosteronism the secretion rates of F and aldo pre-
cursors are normal. Results confirm a deficiency of 21-
hydroxylase in the simple form .and a deficiency of
11-hydroxylase in the hypertensive form of adrenal
hyperplasia and do not suggest an enzyme defect in
dexamethasone suppressible hyperaldosteronism.

Discussion

DeLBerT A.FisHEr (UCLA-Harbor General Hos-
pital): Was I correct in interpreting your slide as
‘indicating that the aldosterone secretion had gone up
in the 21-hydroxylase deficient subjects during salt
depletion?

Maria I.NEw: Yes. It is a puzzling finding that has
been explained before by several investigators by the
fact that the enzyme deficiency must be minimal, or
at least not complete, because they do make some
aldosterone, and they dohave a capacity toincrease the
aldosterone when sodium is restricted.

Dr. FisuEr: Dr. BARTTER and his colleagues have
recently reported (J.clin. Invest. 47: 1742 [1968]) that
21-hydroxylase deficient patients without salt wasting
have normal aldosterone secretion and a normal aldo-
sterone response to salt deprivation during suppression
with glucocorticoid. When not suppressed with gluco-
corticoid, aldosterone secretion was excessive. These
data suggested that 21-hydroxylation of progesterone
in these patients was normal, and the authors postu-
lated that separate isoenzymes might be present for
21-hydroxylation of progesterone and 17« OH-pro-
gesterone. Salt wasting patients are deficient in both
1soenzymes while nonsalt wasting subjects lack only
the isoenzyme for 21-hydroxylation of 17« OH-pro-
gesterone leaving their aldosterone biosynthetic path-
way intact.

The explanation for the excessive aldosterone secre-
tion when not suppressed with glucocorticoid was that
a tendency to sodium loss (perhaps due to excessive
progesterone or 17a OH-progesterone secretion) ex-
isted in patients whose ACTH production was not
suppressed. Aldosterone secretion did not increase to
super normal levels in your patients. Do you think the
normal secretion during salt depletion implies intact
21-hydroxylation of progesterone? What other mech-
anism could explain the increase?

Dr. NEw: Dr. BArTTER and I have had long con-
versations about the difference between his data and
mine, and I can only say that we do not find increased
levels of aldosterone in the patients who are not salt
wasters. In simple virilizing adrenal hyperplasia we
do not find evidence for a difference in the activity of
the enzymes for progesterone or 17 OH progesterone.
Although DOC secretion is slightly increased, I do not
find increased B or aldo secretion.

The reason for the rise in aldosterone secretion when\
Decadron is administered with a low sodium dlet '
remains unexplained.

! GEorGE T.Bryan (University of Texas Medical
{ Branch): I would like to comment on the rate of aldo- ;
' sterone secretion in control patients. We studied a total
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of 17 control patients and examined the relation of
aldosterone secretion rate to body size, age, sex, dura-
tion of sodium intake, potassium intake, and the
quantity of sodium intake.

We found that the age and the sex of the patient
contributes significantly to the secretion rate, but, as
you and others have indicated, the overwhelmmg
influence is sodium intake.

A plot of the least squares regression analysis of these
data shows that the mean aldosterone secretion rates
in control patients on normal and low sodium diets is
in the same range as Dr. New has presented.

Dr. New: Dr. Bryan, I envy you not only the ca-
pacity to do this analysis, but I don’t think I could
draw it.

32 Gonadotropins in Serum and Pituitary of Human
Fetuses and Infants. S.L.KaprLAN, M. M. Grum-
BAcH, and T.H. SueprarDp, Department of Ped-
iatrics, University of California, San Francisco
Medical Center, San Francisco, Calif. and Uni-
versity of Washington, Seattle, Wash.

Immunoreactive FSH was detected in sera from

human fetuses (10) and in pituitary glands from fetuses

(43) and infants (10). Serial dilutions of sera and pitui-

tary homogenates showed similarity in immunologic

reactivity to purified FSH (LER-869-2) and to FSH
present in adult human sera. The serum concentration
of FSH was 3.2—46 ng/mlin 10 fetuses with a gestational
age of 97-133 days. No obvious sex difference was ob-
served.- These values are higher than those for pre-
pubertal children (1-3 ng/ml) but comparable with

those in patients with primary gonadal failure (8-

20 ng/ml). The pituitary content of FSH was 3.3 ng

(1.1 ng/mg) at 70 days gestation with a rise at 150 days

of gestation to 5.9 ug in the female and 0.5 ug in the

male. The FSH content of human pituitaries in the
neonatal period varied from 118 ng (1.2 ng/mg) to

843.3 ng (8.3 ng/mg). Fetal sera and homogenates of

fetal pituitaries were assayed for LH by a radio-

immunologic method. LH was present as early as

90 days at a level of 60 ng. The mean peak level was

1.5 ug at 160-200 days of gestation. Immunoreactive

serum LH was present from 97-133 days at a con-

centration of 10 ng/ml, some of which probably rep-
resents cross-reaction with HCG. In the pituitary of
one anencephalic, the FSH content was 4 ng and the

LH content 15 ng.

Discussion

DerBerT A.FisHer (UCLA-Harbor General Hos-
pital): The variation in serum LH in the fetuses was
quite wide. Is this accountable in part because of the
high coefficient of variation from assay to assay? -

The intraassay coeflicient of variation for our TSH
assay, for example, is about 2 %, but the interassay
variation is about 209%. I wonder if such variation
might account for your observed LH variation, or do
you think it is a real variation in concentration?

S.L.KapLaNn: The concentration of serum LH was
in the range of 10-14 ng/ml without a wide variation.
Serum FSH concentration rose from 7.5 ng/ml at 97
days of gestation to 46.0 ng/ml at 122 days of gestation.

The serum and pituitary specimens were assayed
for FSH and LH at multiple dilutions in two or three
different assays. Our interassay variation was 5-10 %.

The wide scatter shown in the pituitary content of
FSH may be the consequence of the observed sex
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difference, that is, the FSH content is higher in pitui-
taries from female fetuses.

Dr. Fisuer: The LH concentrations at 150 days
were relatively high, and in cord serum were essentially
zero?

Dr. Karran: The serum LH and serum FSH con-
centrations were high at 150 days, but undetectable at
term in cord serum specimens.

Dr. Fisuer: What was the lower limit of the assay?

Dr. Karran: The lower limit of sensitivity of the
immunoassay for FSH and LH is 1 ng/ml.

Dr. Fisuer: What do you think accounts for the
decrease in serum at term?

Dr. Karran: These studies suggest that the regula-
tion of pituitary release and secretion of FSH and LH
changes or is altered at term or in the late gestational
period.

Dr. Fisger: This you think is due to target organ
feedback?

Dr. Karran: Decreased secretion of FSH and LH
serum may be the result of a target organ feedback
mechanism stimulated by fetal gonadal hormones or
placental hormones. However, it is always possible

/

that maturational changes in the fetal hypothalamus /

may occur at term. Such a process may affect the’

sensitivity of the hypothalamus to stimulation or sup~

pression by circulating gonadal hormones.

RoBERT E. GREENBERG (Stanford University School
of Medicine): I’m still not quite clear on how to
interpret the data. Are you able, or are you willing to
say whether or not the change in serum levels following
birth is related to alterations in the pituitary 1tself or
in terms of hypothalamic factors?

Dr. Karran: This alteration in secretion of p1tu1tary
gonadotropins at birth is probably on the basis of,
hypothalamic inhibition. This may occur as a norm
maturational process.

CuairMAN HorLupay: Is there histological informa-
tion to parallel this that would give you any clues?

Dr. Karran: Histologic studies do confirm the pres-
ence of gonadotropins during the early gestational
period. There is no data, of which I am aware, of
quantitative changes in gonadotropin-secreting cells
in the pituitary of the human fetus.

ArLLEN Root (Children’s Hospital, Philadelphia,
Pennsylvania): Dr. KapLaN, have you had any op-
portunity to quantitate the pituitary gonadotropins of
youngsters with aberrations of sexual development
such as intersex problems?

Dr. Karran: No.

33 Increased Urinary Glomerular Basement Membrane
Products: A Measure of Renal Inflammation or Altered
Metabolism. WirrLiam T. KNIker* and Tom
PrinprviLre®, University of Arkansas Medical
Center, Department of Pediatrics, Little Rock,
Ark. (introduced by E.R.Hughes).

Increased urinary excretion of soluble glomerular
basement membrane products (gbm-p) occurs in a
variety of renal disorders [Sth. med. J. 61: 1326, 1968].
These studies were designed to relate the degree of
gbm excretion to type of kidney disorder and to deter-
mine whether urinary gbm-p excretion is abnormal in
conditions not associated with renal disease. Twenty-
four hour urine specimens from 142 subjects were con-
centrated and tested by immunodiffusion against sheep
anti-human gbm globulin.

Patients with indolent chronic glomerulonephritis
and non-glomerulitic renal disease excreted gbm-p in
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the range found for healthy controls. Subjects with
‘pure’ nephrosis or with renal allografts had moderate
increases in gbm excretion. Marked increases in gbm-
p, up to several hundred times normal, occurred in
those with acute or chronic renal disease associated
with active glomerulitis. In this last group, unique
gbm-p were frequently observed. Two infants with
congenital nephrosis excreted large amounts of ab-
normal gbm-p, while healthy family members excreted
moderately increased amounts (heterozygous-partial
expression?). Nine of eleven diabetic patients had mod-
erate increases in urinary gbm-p; this finding could
reflect the postulated generalized disorder of vascular
basement membranes. These preliminary studies sug-
gest that increased urinary excretion of gbm materials
1s a manifestation of active glomerulitis in renal disease
and of altered metabolism in congenital nephrosis and
diabetes mellitus.

Discussion -
VincenT Riccarpr (Massachusetts General Hos-

ipital) : I noticed that your two patients with the Good-

pasture syndrome had the highest amount of the gbm

in the urine. Was their urine specifically tested with -

anti-gbm to distinguish a lung basement membrane
material?

WiLriam T. KNIKER : No.

CarorynN Pier (University of California San Fran-
cisco Medical Center): Have you had any chance to
relate your findings to patients with only tubular
disease, such as proximal tubular reabsorptive prob-
lems? We know that proteins are reabsorbed in the
proximal tubule, and I wonder if this is influencing
your observations.

Dr. Kniker: No, we have not.

Priuie CaLcacno (Georgetown University Hospi-
tal): This is a rather pretty study and I think it raises
many, many questions that this technique will be able
to answer.

The first is the question of pyelonephritis. Now, I
noted that you did not have any children with pyelone-
phritis, but one of the problems with which we are
dealing clinically is to differentiate the urinary tract
infection (recurrent urinary tract infection) that has
renal involvement. It would seem to me that this
approach could help answer such a question. Have
you had any opportunity to study these children with
pyelonephritis?

Secondly, in the child with acute glomeruionephritis
in whom you found basement membrane deposits in
the urine over a period of 1 year, did the basement
membrane deposits disappear with clinical recovery?

Dr. Knixer: You have brought out one of the most
obvious groups that need testing. Right now we are
collecting urine specimens from patients with pyelone-
phritis. We have studied two adults with mild pye-
lonephritis who were found not to have increased gbm
excretion. Two infants with congenital urological
obstruction, severe bilateral hydroureter and hydro-
nephrosis, generalized nephritis, and azotemia both
had moderate increases in gbm excretion.

In regard to acute glomerulonephritis, we studied
many specimens over a period of months on individual
patients. We found that the peak gbm excretion fre-
quently was a few weeks after the onset, at a time when
the renal function was improving and after the patients
had diuresed. Abnormal levels of gbm products are
still being excreted by some patients a year and a half
after the onset of acute glomerulonephritis.

/
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Donarp B.Kaurman (UCLA): I noticed that you
mentioned that there were several extra antigenically
different fragments in the more severely affected
patients. I wondered if you studied biochemically any
of these fragments, any of these glomerular basement
membrane-like fragments, for basement membrane
collagen, and if there were any differences that you
noticed in their biochemical composition.

Dr. Kniger: In this presentation, we did not have
time to go into our immunochemical and physio-
chemical studies, which are still incomplete. Like
others, we find an average of two ‘normal’ gbm prod-
ucts in the urine of healthy people. These products
have rather low isoelectric points by electrofocusing
and travel near albumin in ordinary electrophoresis.
In nephritis, both experimental and clinical, addi-
tional unique products appear. Their isoelectric points
are higher and their electrophoretic migration is more
cathodal than is the case for the ‘normal’ products. We
have found up to 6 gbm antigens in urine from patients
with nephritis and upon digestion of purified gbm by
enzymes in vitro. It 1s of interest that several of the
nephritis-derived antigens and enzyme-derived anti-
gens appear to be identical.

Herert Aserson (National Cancer Institute):
Naxane and Pierce (J. Cell Biol. 33: 307-318 [1967])
have recently reported an innovative technique for
labeling antibodies with enzymes, in particular with
horseradish peroxidase. In their system, an anti-serum
was produced using basement membrane fragments as
antigen. The globulin from this serum was conjugated
to horseradish peroxidase thereby forming enzymatic-
ally and immunologically active molecules. They
were able to demonstrate localization of reaction prod-
uct along the glomerular basement membrane.

A technique such as this should provide an adjunct-
ive way to approach human glomerulopathies.

Dr. KNiKER: Yes, I think this technique could be
quite useful. Ferritin has also been used by FARQUHAR
and others to label nephrotoxic antibody in the study
of its attachment to glomerular basement membrane.

Perer LewiN (The Hospital for Sick Children,
Toronto, Ontario, Canada).

This paper is of great interest to me, especially
related to those cases with congenital nephrosis.

Rats given a single dose of aminonucleoside intra-
venously develop a nephrosis not unlike the classical
form of lipoid nephrosis seen in childhood after an
interval of about 6 days.

We investigated the prenephrotic stage in these
animals (LEwiN and MoscareLLo, Exp.mol. Path. 8:
21 [1968]) and found that increased glycoprotein bio-
synthesis and liver ultrastructural changes were found
as early as 6 hours after the administration of amino-
nucleoside and at least 24-48 hours before any renal
changes were present.

The clinical data presented by you seems to comple-
ment our experimental evidence that in nephrosis, in
contrast to the nephritides, we are witnessing a meta-
bolic disorder that primarily involves glycoprotein
metabolism in the liver, and only as a secondary or
terminal event involves the glycoprotein of the base-
ment membrane of the kidney glomerulus.

Dr. Kniger: I think your work raises many possi-
bilities; we too have considered the use of amino-
nucleoside to study gbm metabolism. Lathyrism as
induced by BAPN would appear to be another possible
model to study.

I did not really answer an earlier question concern-
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ing biochemical changes in collagen and glycoprotein
in nephritis. Certainly it is true that such patients have
biochemical alterations of the basement membrane
that lead to ultrastructural, steric, and functional
changes. Our studies clearly corroborate these obser-
vations by demonstrating that some glomerular base-
ment membrane material has been so altered that it
has been solubilized and manifests new antigenic sites.

WaLTer Hevmann (2103 Adelbert Road, Cleve-
land, Ohio): Have you tried at all in the preparation
of the antigenic material to purify it? One could, for
instance, easily separate Bowman’s capsule from the
glomerular tuft.

Along the same lines had you taken tubular sus-
pensions of kidney, immunized sheep, and taken their
serum for study?

Dr. Kfiker: We have not attempted to study a
purified tubular material and cannot resolve the
question as to how much the gbm-like material may
have been of tubular origin.

Dr. Hevmann: Have you done a study looking for
any correlation between the intensity of glomerular
material found in the urine and the selective protein-
uria index in the urine?

Dr. Kniker: We are presently relating the degree
of selective proteinuria to the gbm excretion in a
number of our patients. The question was answered in
experimental situations in a report by Hawkins and
COCHRANE in Immunology about a year ago. They
showed that selective proteinuria occurred in those
animal models of nephritis where the excretion of
gbm-like material was only slightly increased or norm-
al. Whenever animals developed significant glo-
merulitis, associated with polymorph infiltration, gbm
excretion increased to high levels and selectivity of
proteinuria was lost. In our clinical studies, we can
say that the degree of excretion of gbm-like materials
does not correlate necessarily with the magnitude of
proteinuria.

CuairMAN HoLrAay: Dr. KNIKER, did the parents
who had material in the urine have any abnormal
findings in the urine, in the usual sense?

Dr. Knixer: We have not biopsied the parents and
are not likely to. However, the ‘healthy’ parents and
siblings did not have proteinuria (in 24-hour collec-
tions), hematuria, or azotemia. I might add that the
diabetic patients that we reported today also did not
have proteinuria, hematuria, or azotemia, suggesting
that they as yet do not have significant renal disease.

34 Topographic Distribution of Intestinal Enzymes.
Romeo ForTIN-Macana*, JoHN HERBST*,
Ruta Hurwirtz* and NoRMAN KRETCHMER,
Stanford University School of Medicine, Palo
Alto, Calif.

The topographic distribution of various enzymatic
activittes can be utilized to delineate the biological
phase of the intestinal epithelial cell. The functional
unit of the intestine is composed of the villus and the
crypt. Proliferation is the characteristic of the cells in
the crypt while differentiation is the prime biological
aspect of the cells of the villus. These major character-
istics of devolopment can be determined by a number
of methods including the assay of particular enzymes
as markers for specific cellular activities. Small bits of
jejunum were cut transversely into 10 u slices making
it possible to use slices in sequence for enzymatic assay
and histological identification. Thus, the activities
would be related to exact topographic localization of
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the enzyme [NorpsTROM, D. ¢t al., J. Histochem. Cyto-
chem. 75: 713]. Alkaline phosphatase, dipeptidase,
invertase, and lactase were located predominantly in
the villus with activities 5-40 times greater than that
found in the crypt. Dihydroorotase, uridine kinase,
and thymidine kinase are enzymes associated with
DNA and RNA metabolism and are found with the
greatest activity in the crypt. In fact, thymidine kinase
was completely localized to the crypt and no activity
was detectable in the villus. It is probable that the
persistent activity of some enzymes originating in cells
of the cryptis related to a longer half liige of the protein.
This topographic study of enzymatic activity in the
intestine affords a clear basis for distinguishing pro-
liferating from differentiating cells and indicates that
the functional unit of intestine can serve as a lifelong
model of development.

Discussion :

Joun R.EsterLy (University of Chicago) : I wonder
if you could estimate from your histochemical studies
what proportion of the activity of these enzymes was
present in the mononuclear cells in the lamina propria,
as opposed to the epithelial cells, particularly for the
lysosomal enzymes.

Norman KRETCHMER: These are not histochemical
studies, and we could not, therefore, estimate the
proportion of the enzyme in those cells.

35 Increased Systemic Oxygen Transport (SOT ) Follow-
ing Isovolumic Red Cell Volume (RCV ) Reduction in
Children with Polycythemia of Cyanotic Congenital
Heart Disease (CHD). AMNON ROSENTHAL¥*,
LawreNnce N. Burron*, Davip G. NATHAN*,
and ALEXANDER S. Napas, Harvard Medical
School, The Children’s Hospital Medical Cen-
ter, Department of Medicine, Boston, Mass.

Twenty patients aged 3—-24 years with polycythemia
due to cyanotic CHD were studied during cardiac
catheterization in order to determine if SOT can be
improved by a reduction of the RCV. The mean hema-
tocrit (hct) was 74 9% (60-85) and arterial oxygen
saturation 75 % (56-80). Marked hypervolemia in the

patients was solely due to increased RCV (82 419 ml/

kg). Plasma volume (PV) was normal (37 4 8 cc/kg).

The hct was directly proportional to the RCV (r =

0.91). Isovolumic reduction of RCV to 18 4+ 8 9 of the

initial RCV with fresh frozen plasma or 5 % albumin

by phlebotomy and volume replacement caused de-

creased viscosity and yield shear stress (mean of 0.103

to 0.043 dynes/cm? measured in four patients) and a

significant drop in systemic resistence (SR) from

26 +10 to 15 45 units (p = <0.01). Stroke volume

rose from 37 414 to 53 £23 ml/m? (p <0.01) and

cardiac output (CO) from 3.4 4 1.2 t0 5.2 4 2.0 1/min/

m? (p < 0.01). This resulted in an increased SOT from

28 +10 to 35 4+ 13 ml O,/min/kg (p <0.01). We con-

clude that erythrocytosis in response to chronic cyanosis

provokes hct elevations and hypervolemia. The rise in
blood volume is vital if an adequate CO is to be main-
tained in the face of increased yield shear stress and SR.

Phlebotomy therapy decreases CO by reduction of

blood volume, but acute isovolumic RCV reduction

results in increased CO and SOT. The therapeutic
potential of sustained isovolumic RCV reduction in
cyanotic CHD deserves close attention.

515

Discussion

Frank A. WALKER (Marquette University School of
Medicine, Milwaukee, Wisconsin): For those of us
who have large clinic populations with high incidences
of G6-PD deficiency, this experiment is very practical
and, in fact, happens accidentally when they are
admitted to-the hospital for other things.

We recently had a child who came in with a mild
fever and was treated with aspirin, which produced a
very marked and rapid hemolysis, and she stabilized
about 6 g under her admission hemoglobin. In her
case the results were slightly different: she went into
failure.

And I do think that we have an additional question
from this: what happens to the heart oxygen consump-
tion, and how far down can we take the hematocrit
and increase the amount of effort that the heart is
exerting without getting into complications from this
aspect as well?

AmNoN RosenTHAL: Congestive heart failure can
certainly occur when there is a marked and precipitous
decrease in the hemoglobin or hematocrit from normal
level to the anemic state. The hyperkinetic response
to anemia is said to occur when the hemoglobin con-
centration falls below 6-7 g/100 ml. The high output
failure that occurs in anemia has been postulated to
result from a fall in the peripheral vascular resistance
due to the drop in arterial oxygen content and to a
lesser degree to the fall in blood viscosity that occurs
with a drop in the hematocrit. A similar situation may
result in polycythemic patients with cyanotic con-
genital heart disease. In this situation, a marked de-
crease in the hematocrit will result in a substantial
drop in blood viscosity and in turn, a fall in the peri-
pheral vascular resistance. The increase in right to left
shunting, which occurs in some of these patients, may
further lower systemic arterial saturation and thus
further reduce the peripheral resistance. A hyper-
kinetic state with high output failure may then result.

We have not measured coronary flow or myocardial
oxygen consumption in our patients, but chronic
anemia has been shown (Circulat. Res. 13: 172 [1963])
to be associated with lower than normal left ventricular
oxygen uptake despite a substantial increase in coron-
ary blood flow. An increase in the hematocrit in that
study resulted in a decrease of coronary blood flow,
presumably due to the rise in the blood viscosity.

Tromas K.Ovrwver (University of Washington
School of Medicine): Dr. RoseNTHAL indicated that
you measured arterial blood gases and acid-base
balance, but didn’t give the results. Could you tell us
about those too?

Dr. RosentaaL: When we started our study, we
used fresh frozen plasma as replacement for the whole
blood because of the obvious advantages it has in
correcting many of the coagulation problems that
polycythemic and cyanotic children have. A rise in
CO, content and blood pH occurred in all the patients.
The mean arterial CO, content rose from 21 mEq/liter
to 26 mEq/liter, and the pH from 7.329 to a mean of
7.371 (P by paired t test <0.001). We thought that at
the time we were really improving peripheral perfu-
sion. When we started using 5 % albumin, however, we
observed that no significant changes in CO, content
or pH occurred. We think that the rise in CO, content
and, thereby, the pH, is due solely to the presence of
citric acid and sodium citrate in the fresh frozen plas-
ma. The amount of citrate administered per unit of
fresh frozen plasma is double that contained in a
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similar volume of whole blood. The rise in pH, there-
fore, seems to be related to the infusion of fresh frozen
plasma.

L.SteINFELD (Mount Sinai Medical School): Dr.
ROSENTHAL, in your patients with the large right-to-
left shunt, how did you measure your cardiac output
to derive your systemic oxygen transport?

Dr. RoseNnTHAL: The systemic cardiac output was
measured by the use of the Fick principle utilizing a
mixed venous saturation, arterial oxygen saturation,
and oxygen consumption. In cases where there was an
atrial shunt, we obviously used the superior vena caval
sample.

Leoxarp M. Linpe (UCLA Medical Center) : There
has been some suggestion, in humans and in animals,
of some increased coagulability after bleeding in poly-
cythemic subjects. Have you measured any of these
factors, or did you see any thromboses in any of these
patients?

Dr. RoseNTHAL: Various coagulation parameters
were measured prior to and following the replacement
of whole blood with an equal volume of fresh frozen
plasma. Prior to the procedure, the fibrinogen level
was 266 + 63 mg/100 ml, factors VII-X 54 4 11 mg/
100 ml, factor V 54 + 14 mg/100 ml, and following the
plasma replacement, the fibrinogen rose to 316 + 51
mg/100 ml, factor VII-X to 76 + 22 mg/100 m! and
factor V to 75 + 17 mg/100 ml. The level of anti-
hemophilic globulin was also improved by the pro-
cedure. There was no significant change in the platelet
count over a 24-hour period. A striking finding was
the presence of an inhibitor to plasminogen activation
in the plasma of all the patients. The severity of the
coagulation abnormalities appeared to be related to
the degree of polycythemia. Erythrophoresis is now a
routine procedure In severely polycythemic patients
with cyanotic heart disease prior to any operative
intervention because of the excessive bleeding that may
occur in these patients when they are subjected to
surgery. We have not encountered any thrombosis in
our patients following erythrophoresis. It is conceiv-
able, however, that phlebotomy without fluid replace-
ment in the cyanotic patients would result in a de-
creased stroke volume, a drop in cardiac output, and
cerebral anoxia. Acute reduction in total blood volume
without concomitant red cell hemodilution would
probably aggravate the slugging phenomenon and
could possibly predispose to thrombosis.

J.L.Naman (St.Christopher’s Hospital for Chil-
dren, Philadelphia, Pennsylvania): How long does it
take before the polycythemia recurs?

Dr. RosentHAaL: We do not have complete infor-
mation on all our patients, but preliminary results
indicate that the response varies substantially from
patient to patient. Twenty-four hours following the
acute red cell volume reduction there is a rise in the
hematocrit, probably due to hemoconcentration that
occurs with the collaboration of the fluid in the
vascular and extravascular spaces. The hematocrit
then decreases slightly over the next week and then
continues to rise gradually with a return to normal
level somewhere between 6 weeks and 3 months after
the procedure.

36 Lysosomal Acid Phosphatase Deficiency: 4 New Fam-
ilial Metabolic Disorder. HENRY L. NADLER* and
Tuomas J. Ecan*, Northwestern University
Medical School, Children’s Memorial Hospital,
Chicago, Ill. (introduced by Wayne H. Borges.)
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Acid phosphatase (ACP) activity was found to be
deficient in cultivated fibroblasts derived from a 3-
month-old male. The patient expired at 4 months of
age as had two siblings with a course characterized by
vomiting, lethargy, opisthotonus and terminal bleed-
ing. ACP activity was absent in the lysosomal fraction
of homogenates of brain, liver, spleen, and kidney.
Amniotic fluid cells obtained at 16 weeks in a subse-
quent pregnancy had no demonstrable ACP activity.
The pregnancy was interrupted and no detectable
levels of ACP were found in homogenates of fetal
organs.

Cultivated fibroblasts from both parents (first cou-
sins) and 5/11 additional family members had ACP
levels of 2.7 4-3um PNP/h/ug protein as compared
to controls 6.2 4 0.5. Heterozygotes could not be dis-
tinguished from controls in untreated lymphocytes,
while significant differences were found after PHA
treatment.

Time after PHA treatment

0 hours
ACP*  o-gluc** a-gluc/
ACP
Controls (15) 5.7 3.7 1.5
Heterozygotes (6) 4.8 3.6 1.3
56 hours
ACP o-gluc a-gluc/
ACP
Controls (15) 7.8 6.6 1.2
Heterozygotes (6) 3.3 6.6 0.5

* Acid phosphatase activity um PNP utilized/h/ug
protein.
** o-1-4 glucosidase activity gm maltose hydrolyzed/
min/g protein.

These data suggest an alteration in the rate of synthesis
or degradation of ACP exists in carriers of this genetic
disorder. Lymphocyte stimulation may prove useful
in detection of carriers of other familial metabolic
disorders.

Discussion

CuarMan HorrmAy: Did the parents have any
symptoms that you could identify at all?

Henry L. NapLER: None at all.

PauL Benke (University of Wisconsin Medical
School): As you mentioned, acid phosphatase is a
lysosomal enzyme. Was there a defect in phagocytosis
or in leukocyte function?

Dr. NabrLer: There were no studies done, either in
the parents or in the children.

WiLriam Krivit (University of Minnesota Medical
School) : Weare reporting a similar set of circumstances
in a family in the Journal of Pediatrics.

In our family, each infant had fatty changes in the
liver similar to yours. In addition there was a fatty
derangement of the kidneys. Did your family have
similar involvement in the kidney?

Acidosis may also be present as a correlate in several
metabolic disorders resulting in fatty liver disease. Did
your patients have acidosis?

Do you have a marker of a disease with the absence
of acid phosphatase? What is the relation of this
enzyme’s absence to the disease entity?

Dr. NabLer: We have no idea what the relation is
between the deficiency of acid phosphatase and the
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clinical manifestations of the disease. There is no
increase in lipids within the kidney. There was no real
acidosis, and the only suggestion at one time during
the patient’s course of some abnormality in terms of
renal function was a diffuse aminoaciduria, which
rapidly cleared.

R.Baeuner (Children’s Hospital Medical Center,
Boston, Massachusetts): Baccrorini, HirscH, and
pE Duve []J. Cell Biol. 40: 529, 1969] have shown
differences in subcellular distribution patterns for acid

phosphatase, in rabbit leukocytes, using different
chemical substrates. Have you assayed for acid phos-
phatase using substrates such as f-glycerophosphate or
phenolphthalein instead of p-nitrophenylphosphate?

Dr. NabprLer: We have used both of those, and
essentially the same thing is found. One of the differ-
ences is that the f-glycerophosphatase is essentially
confined to lysosomal fractions at all times, and there
is no detectable activity in this patient using that
particular method.
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