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H-Rosette formation in T-cell-proliferative diseases
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Summary

In health up to 60o of human lymphocytes will form
rosettes with homologous group 0 rhesus-negative
erythrocytes (H rosettes). Increased numbers of H
rosettes were found in T-cell-proliferative diseases-
namely, infectious mononucleosis, S4zary's syndrome,
and T-cell leukaemia. H-rosette formation is thus a

marker for a subpopulation of T lymphocytes, and this
easily performed test of T-cell activation may have
clinical value in characterising changes in blood lympho-
cyte populations in disease.

Introduction

In several clinical conditions surface markers are used to cate-
gorise lymphocytes as derived from either thymus (T) or bone
marrow (B). In lymphatic leukaemia they show that the abnormal
cells are indeed lymphoid, and in most cases of chronic lymphatic
leukaemia these have the characteristics of B cells,1-3 although
T-cell leukaemias have been reported.45 Acute lymphocytic
leukaemia and childhood lymphoblastic lymphoma may also be
derived from T cells,6 7 and Sternberg's sarcoma8 and S6zary's
syndrome9 10 have been attributed to a proliferation of T cells.
In infectious mononucleosis most of the circulating atypical
mononuclear cells are of T-cell origin," 12 though some, prob-
ably infected with Epstein-Barrvirus, areB cells"3 14 and represent
the target against which the major T-cell response is directed."5

Subpopulations of T cells have been found in mice,'16 and they
probably also exist in man, though this is less clear. Human
peripheral blood T lymphocytes form rosettes with sheep
erythrocytes (E rosettes)'7 18 and thymocytes with human
erythrocytes (H rosettes)'9 as well as with sheep erythrocytes.
A few peripheral blood lymphocytes may form rosettes with
human erythrocytes,'0 the number being greater when bovine
serum albumin is present."
We have shown that when human lymphocytes have been

stimulated by mitogens they form far more H rosettes than when
unstimulated22 and that this is due to activity of the T cells and
not of the B cells. We therefore decided to investigate H-rosette
formation in diseases in which the existence of an activated T-cell
population might be predicted and to study the conditions under
which T cells activated in vitro form H rosettes.

Material and methods

Patients studied included four with infectious mononucleosis
(Paul-Bunnell test result positive), two with Sezary's syndrome, one
with T-cell leukaemia (peripheral leucocyte count 500 x 109/1; 95%
capable of forming rosettes with sheep erythrocytes), and three with

chronic lymphatic leukaemia. Ten healthy controls (laboratory
personnel) were also tested. In addition, synovial fluid lymphocytes
from five patients with Still's disease or rheumatoid arthritis and one
with acute non-specific synovitis were examined.

Lymnphocyte separation and transformation-Lymphocytes were

obtained from blood and synovial fluid as described.'3 Mitogen
stimulation by phytohaemagglutinin (PHA), measurement of lympho-
cyte transformation by "4C-thymidine uptake, and autoradiography
were carried out with peripheral blood lymphocytes from healthy
controls." 23

Preparation of H rosettes22-A 0 5o' suspension (0 2 ml) of
thrice-washed human group 0 rhesus-negative erythrocytes in 10%
fetal bovine serum (Flow Laboratories) was added to an equal volume
of washed mitogen-treated control cells or cells from the patients and
controls and the cell mixtures were incubated at 37'C for 30 minutes,
centrifuged at 1000 rpm for five minutes, then reincubated at 4'C for
a minimum of one hour. After discarding 0 2 ml of the supernatant
the remaining suspension was gently resuspended by tapping the tube
and one drop placed on a coverslip. The cells were examined by light
microscopy at a magnification of 200. A rosette was defined as a

lymphocyte with three or more erythrocytes attached. At least 100
lymphocytes were counted. The H rosette suspension from one

patient with Sezary's syndrome was centrifuged at 100 rpm for five
minutes. The supernatant was discarded and the pellet fixed in 3%
glutaraldehyde in pH 7-3 phosphate buffer for one to two hours,
rinsed in several changes of buffer, and resuspended in 30% bovine
serum albumin. The suspension was lightly centrifuged to form a
pellet, which was refixed in glutaraldehyde, then cut into 1-mm cubes
and post-fixed in buffered osmium tetroxide, dehydrated, and
embedded in Araldite. Rosettes were selected by light microscopy of
toluidine-blue-stained 2-,u sections and ultra-thin sections cut and
stained with uranyl acetate and lead citrate.

Preparation of mixed E and H rosettes-This test was performed
with PHA-stimulated control lymphocytes and unstimulated T-
leukaemia cells. Mixed rosettes were made by adding 0 2 ml of a

055% sheep erythrocyte suspension to a suspension of lymphocytes
and human erythrocytes already incubated to induce human erythro-
cyte rosette formation. The rosetting procedure was repeated.
Cytocentrifuged preparations of mixed sheep and human erythrocyte
rosettes were made and stained with Leishman.
Mixed lymphocyte reaction-A total of 106 lymphocytes in RPMI

1640 from three pairs of six unrelated healthy controls were incubated
for up to seven days at 37'C. The cells were washed after incubation,
the procedure for the formation ofH rosettes was carried out, and the
rosettes were counted. In one experiment lymphocyte transformation
was also measured.

Inhibition experiments (PHA-stimulated control lymphocytes only)-
These were carried out to study the effect of functional inhibition of
microtubules (using vinblastine and colchicine)'4 and microfilaments
(using cytochalasin B).25 Rosette formation with sheep erythrocytes
is inhibited by cytochalasin B but not by vinblastine or colchicine,'6
and the H-rosette-forming cell receptor was therefore similarly
studied.

Colchicine (Sigma Chemical Co, St Louis)-Colchicine was dissolved
in medium 199 to give concentrations of 1 0 and 0 1 mmol/l. Lympho-
cytes (106) from a control subject were cultured in the presence of
PHA for 24 hours, then washed twice in medium 199 and incubated
with colchicine at 37'C for two hours. The cells were then washed and
H rosettes made as before and counted.

Vinblastine (Sigma Chemical Co)-The procedure was as for
colchicine, concentrations of vinblastine ranging from 1 0 to 0 001
mmol/l being used. This test was performed with sheep erythrocytes
as well as human erythrocytes.

Cytochalasin B (Aldrich Chemical Co, Ltd, England)-Cytochalasin
B (1 and 5 ,ug) was dissolved in dimethylsulphoxide (DMSO) (BDH
Chemicals, England). A total of 106 lymphocytes stimulated by PHA
were incubated with cytochalasin B at 37'C for one hour, then washed,
added to a 0-5 / suspension of human erythrocytes, and the rosettes
counted immediately. The same suspension was then incubated at
4°C for two hours and H rosettes were again counted, microfilament
function having presumably returned.
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Results

The proportion of lymphocytes forming H rosettes in the various
diseases are shown in table I. Rosettes are frail and easily dissociated.
They often have few adherent erythrocytes, which commonly attach
with their biconcave surfaces in the same plane as the plane of
viewing; in contrast the flat surfaces of sheep erythrocytes are at right
angles to the plane of view in a typical rosette. The H rosettes formed
with mitogen-stimulated lymphocytes tended to have more attached
erythrocytes and were made stable.

TABLE I-Percentage of lymphocytes forming H rosettes from patients with
various diseases andfrom a group of healthy controls

% of lymphocytes
No forming H rosettes

Range Mean

Patients with:
Infectious mononucleosis .4 23-40 315
Sezary's syndrome .2 21-52 36-5
T-cell leukaemia . 1 28 28
Still's disease or rheumatoid arthritis

(synovial fluid cells) . . . 5 0-40 18-3
Non-specific synovitis . . . 1 25 25
Chromc lymphatic leukaemia .. 3 1-4 2-3

Healthy controls . ..9 0-6 3-2

FIG 1-Mixed H and E rosette from patient with
T-cell leukaemia. (Cytocentrifuged preparation
stained with Leishman. x 1850.) (NB sheep
erythrocytes are smaller than human erythrocytes.)

The proportion of lymphocytes capable of forming H rosettes was
considerably increased in the diseases studied, with the exception of0
chronic lymphatic leukaemia. There was great variation in the
proportion found in rheumatoid synovial fluid, but it appeared that H
rosettes are more likely to be found when the duration of the effusion
is short. Mixed H and E rosettes were made using mitogen-stimulated
lymphocytes and unstimulated lymphocytes from the patient with
T-cell leukaemia (see fig 1). E and mixed H and E rosettes were seen
but not H rosettes alone, which was taken as evidence that the H
receptor is on T lymphocytes. An H rosette from a patient with
Sezary's syndrome is shown in fig 2. Autoradiography (fig 3) showed
that cells forming H rosettes after incubation with PHA have indeed
been stimulated.
The results of mixed lymphocyte reactions are shown in fig 4. H

rosettes began appearing in appreciable numbers on or after the fourth
day of culture. Three control cultures of lymphocytes from three
separate donors gave few or no H rosettes under the same conditions
at up to seven days of incubation. In one mixed culture evidence of
transformation bya 1C-thymidine uptake was apparent by the third
day, while cells forming H rosettes did not in this case appear until the
fifth day.
The results of the inhibition experiments are given in table II,

which shows that microtubule inhibitors had little effect on the
formation of H rosettes, except vinblastine at a concentration of
1 mmol/l. At this concentration H rosettes were more sensitive than FIG 2 Electronmscrograph ofH rosette from patient wsth S6zar
E rosettes, but at 041 mmol/l the difference was small. On the other (x 8000.)

TABLEiu-Effect on H and E rosette frmation by PHA -stimulated lymphocytes of colchicune, vinblastine, and cytochalasin B. Figures are percentages

Colchicine in medium 199

Vinblastine in medium 199

Cytochalasin B in DMSO

y's syndrome.

*Tube read immediately (room temperature).
tTube reincubated at 4°C for two hours before reading.

TABLE iii-Human T-cell population: discriminatory properties of E and H rosettes

Rosettes E rosettes H rosettes in 5% H rosettes in 10%bovine serum albumin fetal bovine serum

In health . 55-80%23 Approximately 50% of E rosettes'1 6% (table I)
In T-cell-proliferative disorders Up to 89%1" Not reported to date 21-52% (table I)
Stimulation by PHA .. Up to 99%" Not reported to date Up to 90%21
Effect of cytochalasin B . .Inhibition26 More resistant than E rosettes'1 Inhibition (table II)
Effect of vinblastine .No inhibition" (slight inhibition Not reported to date No appreciable inhibition except

at 1 mmol/l; table II) at 1 mmol/l (table II)
Effect of colchicine .No inhibition" Not reported to date No inhibition (table II)
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FIG 3-Autoradiograph of PHA-stimulated H-rosette-forming lymphocyte.
(Counterstained with Giemsa. x 2000.)
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FIG 4-Percentage of H-rosette-forming cells appearing after various periods
in mixed lymphocyte culture (MLC).

hand, microfilament inhibition produced profound impairment of
H-rosette formation even with only 1gag cytochalasin B. On recovery
of microfilament function, H rosettes were again demonstrated-that
is, after reincubation at 40C for two hours.

Discussion

H-rosette-forming cells in the blood appear to increase on
stimulation by mitogens, on mixed lymphocyte culture, and in
certain T-cell-proliferative disorders. Their number in chronic
lymphatic leukaemia is no greater than that in health, as might
be expected, since this disease is generally regarded as a B-cell-
proliferating condition.1-3 The increase in H-receptor-bearing
cells in the conditions considered here is likely to reflect an
increase in a T-cell subpopulation already bearing this marker,
since a few H rosettes are found in health. Interestingly, in
infectious mononucleosis and rheumatoid joint effusions, where

the cells showed a high background uptake of 14C-thymidine,
unresponsiveness to PHA, and an increase in E rosettes
formed,"' 12 24 H rosettes were found in moderately increased
numbers. The H-rosette-forming cells in the patient with T-cell
leukaemia may represent a minority T-cell population activated
by the presence of a malignant clone of E-receptor-bearing
cells. The nature of the receptor for sheep erythrocytes present
on the surface of the human T lymphocyte is not known. Its
characteristic inhibition by cytochalasin B but not colchicine,
however, was also seen with the human erythrocyte receptor,
suggesting that integrity of microfilament function is essential
for rosette formation of both types.
Hence the ability to bind human erythrocytes is shared by

thymocytes, normal peripheral blood T lymphocytes activated
by mitogens or by mixed lymphocyte culture, and a subpopula-
tion of peripheral blood lymphocytes in T-cell-proliferative
diseases. Only a small proportion (0-6%) of untreated normal
peripheral blood lymphocytes form H rosettes except when
tested in the presence of bovine serum albumin (table III); the
increase this produces may delineate a further subpopulation of
T cells. It appears that in man, as in mice, there is heterogeneity
of the T-cell population, which may explain the so-called "active
rosettes" produced by a short period of incubation of lympho-
cytes and sheep erythrocytes2 I and present in health. The
H-rosette test is easily'performed and should be useful clinically
in other conditions in which changes in lymphocyte populations
might otherwise pass unnoticed.

We wish to thank Professor E G L Bywaters, Dr B Ansell, Dr J
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