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AssTtracT Sheep red blood cells can surround, in
vitro, some human peripheral blood lymphocytes in a
formation called a rosette. The number of rosette-
forming cells (RFC) in 50 normal persons had a wide
range (4-409%).

The organs of 13 human fetuses (11-19 wk concep-
tional age) were examined for the presence of RFC.
The thymus possessed the highest percentage of RFC,
the maximum being 659, of total thymocytes in two 15—
16 wk fetal specimens. Blood RFC were always present
and their number slightly increased in the oldest fetuses.
The bone-marrow showed 0-89% in the six fetuses
studied. RFC were found in the spleen around the 13th
wk and in the liver around the 17th wk of gestation.
These observations lead to the hypothesis that human
blood RFC may be chiefly thymic derived. Studies of
patients with immunological disorders support this
hypothesis: one patient with Nezelof syndrome had no
blood RFC and four patients with Wiskott-Aldrich
syndrome had a low number of blood RFC (1 and
1.59,). Patients with acquired hypogammaglobulinemia
showed a normal percentage of RFC. With the fetal
thymocytes, the percentage of inhibition with anti-p
serum increased with the fetal age to become complete
in the oldest fetuses studied. Incubation of the oldest
fetal thymocytes or the blood lymphocytes with anti-y
serum or anti-u serum completely inhibited the rosette
formation. These results suggest that up-chain determi-
nants are present on human fetal thymocytes and blood
RFC. The significance of the presence of y-chain de-
terminants on these cells is unclear.
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INTRODUCTION

The adherence of sheep red blood cells (SRBC)! to
a lymphocyte results in a formation termed a rosette
(1-4). Rosettes are formed by a small percentage of
lymphocytes from peripheral blood of normal nonim-
munized people. The significance of rosette formation in
man is not well understood. Its role as an immuno-
logical tool is still controversial, although inhibition of
the normal rosette formation by anti-lymphocyte serum
(ALS) has been shown to be a very sensitive index of
the immunosuppressive activity of various ALS prepara-
tions (1). In order to obtain information on this phe-
nomenon and to investigate its significance, the present
study was conducted in human fetuses.

METHODS
Materials

Fetal tissues. Fetuses were obtained at time of abdominal
hysterotomies for therapeutic abortions and processed imme-
diately. Fetal age was derived from the measurement in
millimeters of crown-rump length, in accordance with data
of the Carnegie embryological collection (5).

Thymus, spleen, and liver were obtained by sharp dissec-
tion, minced, and homogenized.®* The homogenates were passed
through fiberglass wool contained in a syringe, resulting in
a single cell suspension for each organ. Bone marrow was
obtained by flushing the epiphyseal ends of long bones with
a syringe and a small-gauge needle. All cells were washed
three times in phosphate-buffered saline (PBS, pH 7.3).

Blood. Blood was obtained from 50 normal human sub-
jects (18 months to 81 yr old) and from 8 patients with
immunological disorders. This group was composed of three
patients with acquired hypogammaglobulinemia, four with

* Abbreviations used in this paper: ALS, anti-lymphocyte
serum; FT-RFC, fetal thymic rosette-forming cells; PBS,
phosphate-buffered saline; PHA, phytohemagglutinin; PPD,
purified protein derivative; RFC, rosette-forming cells;
SRBC, sheep red blood cells; T.F. transfer factor.

? Potter-Elvehjem tissue grinder, Kontes Glass Co., Vine-
land, N. J.
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TaABLE I
Rosette- Forming Cells in the Organs of Human Fetuses

Organ*
Gesta-
tional Bone
Fetus age Thymus Blood Spleen Liver marrow
wk %o % % %o e
1 11 15 1.0 N.P.} 0 0.5
2 12 28 N.D.§ 0 0 N.D.
3 12 48 0.5 0 0 N.D.
4 13 35 0.5 0 0 N.D.
5 13-14 15 0.5 0.5 0 0
6 13-14 50 0.5 0.5 0 N.D.
7 15 65 N.D. N.D. N.D. 3.0
8 15 47 0.5 0.5 0 N.D.
9 15-16 65 N.D. N.D. N.D. 1.0
10 17 35 2.0 4.0 2 0.5
11 18 24 11.0 11.0 1 8.0
12 19 30 N.D. N.D. N.D. N.D.
13 19 30 2.5 2.5 0 N.D.

* Results are reported as the mean of duplicate determinations in all organs
except the bone marrow, where only one determination was done.

1 N.P., not present.

§ N.D., not done.

Wiskott-Aldrich syndrome, and one with Nezelof syndrome.
The blood was collected in heparinized syringes.® Fetal blood
was obtained by draining the cut end of the umbilical cord
into heparinized tubes. Lymphocytes were isolated in a
gradient of 9% Ficoll-34% Hypaque according to the
method of Harris and Ukaejiofo (6). The lymphocytes were
washed three times in 10 ml of PBS (pH 7.3) and their
concentration was adjusted to 5 X 10°/ml. Except in the fetal
blood, the ABO group and the titer of hemagglutinating
antibodies against SRBC were determined.

Antisera. Antisera were prepared in goats and rabbits.
Pure heavy-chain or light-chain proteins were isolated from
myeloma proteins or Bence Jones proteins by precipitation
with Na.SO, and fractionation in a DEAE column.

The antisera were rendered monospecific by successive ab-
sorptions with aggregates of the appropriate types of heavy-
and light-chains cross-linked with glutaraldehyde (7). The
antisera were heat inactivated at 56°C for 30 min and
absorbed with SRBC and human red blood cells, twice at
37°C and twice at 4°C. No agglutination of red cells was
detected after these procedures. Specificity was determined
by gel diffusion and by the more sensitive CrCl: hemagglu-
tination inhibition method (8). The following titers, assessed
by the latter method, were obtained: goat anti-e, 1: 600,000 ;
rabbit anti-y, 1:600,000; goat anti-u, 1:600,000; rabbit
anti-x, 1:640; and rabbit anti-A, 1:2560.

Horse antiserum to human e-chain was purchased from
Kallestad Laboratories;* it was processed the same way as
the antisera prepared in our laboratory (heat inactivation,
immunoadsorption, and absorption on red cells).

All antisera were used undiluted or diluted (1:10, 1:20,
1:40, 1:80) in saline. They were checked for lymphocy-
totoxic activity on a panel of leukocytes from various donors
in the presence of complement (guinea pig serum) by trypan
blue exclusion. No cytotoxic effect was found in any of the
sera used. The presence of agglutinating antibodies was also
checked on this panel. No such antibodies were found.

? Lipo-hepin, Riker Laboratories, Northridge, Calif.
* Kallestad Laboratories, Inc., Minneapolis, Minn.
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Sheep red blood cells. SRBC, collected in Alsever’s solu-
tion, were washed three times in saline and suspended 1n
saline at a final concentration of 4 X 10" cells/ml.

Experimental Procedures

The method of rosette formation was based on the tech-
nique described by Bach, Dormont, Dardenne, and Balner
(1). In each test, 0.05 ml of the lymphocyte suspension was
used. In the inhibition studies, lymphocytes were incubated
at 37°C with 0.05 ml of antiserum (undiluted or diluted in
saline) for 1 hr before addition of SRBC. Control speci-
mens were incubated in PBS for 1 hr at 37°C. SRBC were
added to obtain a final ratio of eight SRBC for every
lymphocyte. The mixtures were spun at 200 g for 5 min at
room temperature. The cells were gently resuspended and
500 lymphocytes were inspected for rosette formation in a
hemocytometer at a magnification of X 100. A rosette-form-
ing cell (RFC) was defined as a lymphocyte which had
three or more SRBC adherent to its surface: the number
of RFC was expressed per 100 lymphocytes. Since the liver
and the bone marrow contained other types of cells, spe-
cifically, large mononuclear cells, only cells morphologically
resembling lymphocytes were counted. If no RFC were
found after viewing 500 lymphocytes, at least 3500 more
lymphocytes were evaluated. Only cells with the morphology
of lymphocytes were found to form rosettes. The tests per-
formed without antiserum were always run in duplicate and
showed a maximum variation of 10%, except in the fetal
thymus which had a 5% variation. The results are given
as the mean of two determinations. Sufficient fetal bone
marrow cells were not available to run duplicate experi-
ments, and the results are those of one determination for
each fetus in these instances.

RESULTS
Numbers of RFC

Fetal thymus. At 11 wk of gestation, 159, of the
thymocytes were RFC (Table I). With the exception
of fetuses 1 and 5, all embryonic RFC were completely
surrounded by SRBC (seven or more SRBC). The
RFC of fetuses 1 and 5 were surrounded by only three
or four SRBC. The percentage of RFC varied, but was
found to be as high as 659 at 15 wk, with gradually

TaBLE II
Rosette- Forming Cells in the Blood of 50 Normal Adults in the
Absence and in the Presence of Different Antisera

Antiserum Mean Range
Yo %

Controls 12 1-40
Heavy-chains .

« 10 4-38

v 0 0-0

€ 7 0-35

m 0 0-0
Light-chains

3 8 1-40

A 8 2-39
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fewer RFC found in later weeks. RFC of the oldest
fetuses tended to be in clusters.

Fetal blood. Only a small percentage of RFC was
found in the fetal blood lymphocytes studied. These
RFC were completely surrounded by the SRBC except
in fetuses 1 and 5.

Fetal spleen. The RFC appeared at around 13-14
conceptual wk of age. Since no RFC were found in
fetuses 2, 3, and 4 after counting twice 4000 cells, the
difference between this group and the oldest fetuses
(where 0.5% of RFC was found after counting twice
500 cells) is statistically significant (P <0.001 by
Poisson approximation).

Fetal liver. RFC were found in 2 of the 10 speci-
mens studied. The number of RFC was small in both
specimens, each of which was derived from 17- to 18-
wk fetuses.

Fetal bone marrow. For technical reasons, only six
bone marrows were examined. The bone marrow of
fetus 11 had many red cells, which may suggest some
blood contamination. Specimens from the other fetuses
were relatively poor in red blood cells and probably
represented a pure marrow sample, In these, very few
or no RFC were found.

Blood. Normal subjects. The peripheral blood lym-
phocytes of 50 normal individuals had a mean of 129
RFC with a range of 4409, (Table II). On repeated
examinations in any one individual, the percentage of
RFC was found to vary approximately 259, about that
person’s mean. A slight decrease in the number of RFC
was noted after 60 min of incubation at 37°C. The
results are given after this period of time because, in
the studies done with antisera, incubation lasted 1 hr;

TaBLE III

Rosette- Forming Cells in Various Diseases

In presence of

Without
Diseases antiserum Anti-y Anti-p
% %

Acquired hypogamma-globulinemia

A 12 8 2
B 9 1 2

C 5 0 2
Wiskott-Aldrich syndrome

A 1 N.D.* N.D.

B 1 N.D. N.D.

C 0.5 N.D. N.D.

D 1 N.D. N.D.
Nezelof syndrome

A 0 N.D. N.D.

* N.D., not done.
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TaBLE IV
Inhibition of Rosette Formation with Antisera to Heavy-Chains
and Light-Chains in Thymocytes of Human Fetuses

Inhibition with antiserum to

Gestational
Fetus age b% I a x A
wk % %o %o %o %
2 12 94 8 10 86 93
3 12 75 0 0 6 2
4 13 45 13 0 V] 0
5 13-14 96 66 N.D.* N.D. N.D.
6 13-14 98 69 2 0 V]
8 15 85 65 0 52 5
10 17 89 80 0 0 0
1 18 66 75 N.D. N.D. N.D.
12 19 100 100 11 0 42
13 19 99 98 6 2 7

* N.D., not done.

both determinations of RFC were done simultaneously.
No relation could be found between the number of
RFC and the ABO group or the titer of serum-aggluti-
nating antibody against SRBC. Subjects with a high
percentage of RFC did not show a high hemagglutinat-
ing titer.

Blood. Immmmunological disorders. Three patients with
acquired hypogammaglobulinemia showed respectively
12, 9 and 5% of blood RFC. Four patients with Wis-
kott-Aldrich syndrome showed respectively 1, 1, 1.5,
and 19 of blood RFC. One patient with Nezelof syn-
drome showed a complete absence of RFC in the
peripheral blood (Table ITT).

Effect of the different antisera on rosette
formation

Fetus. Lymphocytes from fetal thymus were studied
with undiluted antisera because of the small number of
fetal cells available. There was a constant inhibition of
rosette formation with antiserum to <-chains. (Table
IV). The inhibition with antiserum to w-chain became
significant between 13 and 14 wk. Inhibition with anti-
a-chain was interpreted as not meaningful, since it was
within the range of the error of the method. Only fetus
2 showed an inhibition with anti-k<- and anti-A-chain
sera, while fetus 8 had a significant decrease of RFC
with anti-x-chain serum and fetus 12 with anti-A-chain
serum. Lymphocytes from the peripheral blood, spleen,
and liver of fetuses 5, 8, 11, and 13 were studied, and
complete inhibition was found with anti-y- or anti-u-
chain sera only. The other antisera had no inhibitory
effect. The effect of the antisera was not studied in the
fetal bone marrow because of the small number of these
cells.

Adults. Rosette formation by cells from normal
adults was always completely inhibited by undiluted
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antisera to both 7- and u-chains (Table II). Anti-x
and anti-A, as well as anti-a and anti-e, varied in their
effects. In the few patients in whom anti-e produced
marked inhibition of rosette formation, no allergic
background was found. With diluted antisera, the in-
hibition of the rosette formation was gradually de-
creased and with dilutions higher than 1:40, inhibition
with anti-y and anti-x was completely abolished.

Three patients with acquired hypogammaglobulin-
emia were studied. They responded differently from
normal controls in that the inhibition of rosette forma-
tion with undiluted antisera to ¥- and w-chains was not
always complete (Table III).

DISCUSSION

Rosette-forming cells were found in all thymocyte sam-
ples tested. The lowest numbers of fetal thymic RFC
(FT-RFC) were found in the youngest fetus (11 wk)
and in fetus 5.° At around the 15th wk, up to 659, of
fetal thymocytes had the ability to bind to SRBC. This
gestational period may be significant in view of the
observation by Papiernik that maximal PHA stimula-
tion of fetal thymocytes also occurs at this time (9).

Lymphocytes with the ability to bind to SRBC ap-
pear to be, at the gestational ages studied, chiefly
present in the thymus. However, there were always
thymocytes free of SRBC suggesting that this property
may be characteristic of only some population(s) of
thymic cells. In contrast, the percentage of RFC out-
side the thymus was low, except in fetus 11, 18 wk of
age, which showed a marked percentage of RFC out-
side the thymus associated with the lowest percentage
of FT-RFC found around this period.

The apparent decrease of FT-RFC in the elder fetuses
may be purely explained on the basis of morphological
changes in the thymus, that is, enlargement of the corti-
cal area (9). Migration of the RFC outside the thymus
is an alternate explanation for this decrease. This
latter hypothesis would be consistent with the slight
increase in the blood and spleen RFC of the elder
fetuses. However, the number of fetuses studied is too
small to draw any definite conclusions in this regard,
and other possibilities such as the maturation of re-
ceptors for SRBC or the presence of a thymic hormone,
should also be considered to explain the appearance of
the blood RFC.

Six specimens of bone marrow were studied and,
except for fetus 11, the percentage of RFC was always

5 Fetus 5 showed an abnormal pattern when compared to
fetuses of the same gestational age: each FT-RFC had only
three to four SRBC clinging to it, and its thymocytes had
a low response to PHA for this period of gestation. (Stites,
D. P, M. C. Carr, and H. H. Fudenberg. Unpublished
observation.)
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very low when compared to the number of FT-RFC.
Overall, the absolute numbers of lymphoid-like cells
recoverable from the thymus were at least 10-fold those
recoverable from the bone marrow in the age range
of the fetuses studied.® Therefore. if RFC are formed
in the bone marrow, their number would probably be
extremely small compared to the thymus, although a
very high turnover rate could conceivably allow the
marrow to be the source. The fetal spleen and liver are
thought to be the site of origin of stem cells (10, 11).
The finding of blood RFC in the youngest fetuses when
no RFC were found in the spleen or in the liver of the
same fetuses makes it very unlikely that these organs
serve as the direct source of the blood RFC at this period
of gestation.

These observations suggested to us that the property
of spontaneous rosette formation by the blood lympho-
cytes may be chiefly one of thymic-derived cells.

To support this hypothesis, patients with immunologi-
cal disorders were studied. The group with humoral
deficiency included three patients with acquired hypo-
gammaglobulinemia who showed a percentage of RFC
in the normal range. In contrast, patients with impair-
ment or absence of cellular immunity showed a decrease
or absence of blood RFC. The four patients with
Wiskott-Aldrich syndrome showed a low number of
blood RFC and an impairment of their cellular im-
munity as tested by classical parameters (phytohemag-
glutinin response, production of migration inhibitory
factor, and skin tests). One patient with Nezelof syn-
drome, a disease characterized by an hypoplasia of the
thymus and a complete lack of cellular immunity, had
no blood RFC (12). Furthermore, when patients with
Wiskott-Aldrich syndrome were treated with transfer
factor (T. F.), only the ones who responded to this
treatment by the conversion of skin tests, the produc-
tion of migration inhibitory factor, and by freedom of
infections showed an increase (from 1 to 7 or 8¢ ) in
their blood RFC. In contrast, one patient did not re-
spond to T. F. by clinical and laboratory parameters
and did not increase his number of blood RFC.

These findings suggest that blood RIFC are related to
the status of cell-mediated immunity which is con-
sidered to be a thymus-dependent function. Two indirect
arguments in favor of the RFC being thymus derived
should also be mentioned. Namely that rosette inhibi-
tion by ALS in vitro correlates very well with ALS-
induced delay in skin graft rejection (1) and that, as
shown earlier, a strong parallel exists between inhibi-
tion of RFC and inhibition of DNA synthesis of lym-

SCarr, M. C, D. P. Stites, and H. H. Fudenberg. Un-
published observations.

"Wybran, J., L. E. Spitler,
Fudenberg. In preparation.

A. S. Levin, and H. H.

J. Wybran, M. C. Carr, and H. H. Fudenberg



phocytes cultured with PPD, in presence of antisera
to human immunoglobulins (the response to PPD is
mainly a T-cell function) (13).

For all these reasons, it is suggested that the blood
RFC is likely to be mainly thymus derived and there-
fore can be considered as a marker of some popula-
tion(s) of thymus-derived cells in humans.

In mice the RFC has been extensively studied. It
has been shown by numerous authors that some RFC
may bear the theta antigen, a marker of thymus-de-
rived cells (14). RFC in nonimmunized mice are in-
volved in antigen recognition and can originate in both

thymus and bone marrow (15-21). However, the per-

centage of RFC in man is at least 100-fold that found
in the mouse (21) and the phenomenon of human
rosette formation perhaps involves mechanisms other
than those in the mouse. In the guinea pig, macro-
phages and homologous or autologous thymocytes ad-
here together without the participation of any known
action of antibodies (22). This property of adhesiveness
may be unique to the thymic cell and relevant to the
high number of RFC found in the human fetal thymus.
Some other nonimmunological mechanisms (e.g. incu-
bation of lymphocytes at 4°C increases the number of
adult human RFC) may be involved in human rosette
formation (3, 4).

Another aspect of our findings deals with the inhibi-
tion of RFC by antisera to heavy-chains, raising the
possibility of the presence of heavy-chain determinants
on thymic cells. The validity of these inhibition studies
depends upon the specificity of the antisera used and
also on the knowledge of the basic mechanisms involved
in the human rosette formation. Monospecificity was
carefully checked by hemagglutination inhibition. The
existence of heteroantibodies is unlikely since these
antisera were neither agglutinating nor cytotoxic, in the
presence of complement, against a panel of human leu-
kocytes. The finding of increasing inhibition on FT-
RFC by goat anti-¢ serum argues for the specificity of
this antiserum. Indeed, the absence of inhibition with
anti-e serum, which was produced in the same species
as anti-p, gives an internal control. Furthermore, if
this antiserum was acting nonspecifically, one might not
expect the gradual pattern of inhibition seen here, but
rather a random, total, or absent inhibition.

The inhibition with anti-y serum introduces the pos-
sibility that y-chain determinants are present on these
cells. However, the inhibition with anti-y serum was
always present in FT-RFC which may suggest non-
specific mechanisms. Only in one patient with acquired
hypogammaglobulinemia the blood RFC was almost
not inhibited with anti-y serum; this may account for
the presence of a lesser amount of y-chains on these
cells which would be expected if these ¥-chains are ab-
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sorbed on the RFC. However, patients with acquired
hypogammaglobinemia may present some impairment
of their cellular immunity (23); therefore, their thy-
mus-derived lymphocytes cannot be validly compared
with normal lymphocytes and the incomplete inhibition
with anti-y serum in hypogammaglobulinemia does not
conclusively argue for specificity. For all these reasons,
we feel that the inhibition, at least for anti-u serum, is
most likely to be related to the presence of antibodies
to heavy-chains than to nonspecific or nonimmunological
mechanisms.

The inhibition of rosette formation by these antisera
does not mean that the receptors for SRBC must be
immunoglobulins. Indeed, these antisera may act by
steric hindrance rather than by a direct masking of
receptors for SRBC. The results obtained with the
adult blood RFC do not agree with a study done by
Coombs, Gurner, Wilson, Holm, and Lindgren (3).
These authors could not inhibit the rosette formation
with antisera directed against heavy-chains. However,
their study differs at least by two points from the
present one. They used lymphocytes stored in liquid
nitrogen and antisera diluted 10-fold with no mention of
hemagglutinating titer. Therefore, we feel that these two
studies are not comparable, especially since the current
results indicate that the inhibition of rosette formation
was decreased upon the dilution of the antisera. Indeed,
no inhibition of rosette formation was noticed when
the antisera were diluted more than 40-fold.

In the fetal thymus, inhibition of rosette formation
by antiserum to u-chain became significant at approxi-
mately 13-14 wk and gradually increased to be com-
plete at the 19th wk. This suggests that the u-chain
determinant appears on thymic cells at around the 13th
wk. That the origin of the u-chain may be endogenous
is suggested by Gitlin and Biasucci who found that IgM
can be synthesized by fetal thymocytes at 10.5 con-
ceptional wk (24). An exogenous origin of this u-chain
determinant (by absorption) is possible although un-
likely from maternal source since IgM is not believed
to be able to cross the human placenta. In our studies
rosette formation was also inhibited by anti-y serum.
This validity of these results has already been discussed.
This observation introduces the possibility that ¥-chain
determinant is also on the thymus cells. The origin of
this y-chain determinant may be maternal since IgG
of maternal origin is detected in the serum of early
stage fetuses (25). However, a fetal origin is not ex-
cluded for these vy-chain determinants. In contrast, no
significant inhibition of rosette formation occurred with
anti-e serum. This is consistent with the current evi-
dence that IgA does not cross the placenta and is not
synthesized by the human fetus at this stage. The
effect of the antisera to light-chains was variable, per-
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haps because of the relatively weak titer of these anti-
sera or because buried determinants of light-chains
exist on the lymphocyte surface.

Using various methods, most investigators (26-32)
have found heavy-chains on B-cells which are pre-
sumably bone marrow-derived in mammals and in-
volved in humoral immunity (23). On the other hand,
few or no heavy-chains were detected on thymocytes.
Yet recent studies suggest the possibility that mouse
and human thymocytes and T-cells may possess u-chain
or g-chain-like determinants on their surfaces (33-36).°
One of these studies reports the isolation of w-chains
with a molecular weight of 200,000 from human and
mouse thymuses (36). In none of these studies was
y-chains detected.

In conclusion, the study of rosette formation in the
lymphoid tissues of 11- to 19-wk human fetuses sug-
gested that spontaneous RFC may be chiefly thymus
derived. Clinical arguments coming from the study of
patients with immunodeficiencies support this hypothe-
sis. The presence of w-chain on thymic cells is sug-
gested by the inhibition of rosette formation by anti-u
serum. The possibility of y-chain on these cells has been
raised. Finally, it is proposed that human blood RFC
may be considered as a marker of a substantial popu-
lation of thymus-derived cells and that the study of these
RFC is a valid tool in assessing patients with immuno-
logical disorders.
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