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PAPERS AND ORIGINALS

Further Assessment of Rosette Inhibition Test in Clinical
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Summary
The rosette inhibition test was used in the clinical
management of organ allografts to estimate the amount
of immunosuppressive drugs necessary to prevent
rejection. In patients surviving more than three months
renal function appeared to be better than in a similar
group ofpatients managed without the test. It is suggested
that this was due to a reduction in the number of clinical
or subclinical rejection episodes. On the other hand, the
test indicates that in many cases the level of immuno-
suppression should be much higher, and if this advice is
followed the patients become increasingly exposed to the
risk of infection. In other words, those patients with good
renal function remained well, whereas those who might
otherwise have rejected their kidney and survived had in
fact died of sepsis.

Introduction

In clinical transplantation, whether of kidneys or other organs,
the most difficult problem in management is the assessment of
the immune status-especially that of the cellular system.

In-vitro tests of lymphocyte transformation (Tennenbaum
et al., 1968) and leucocyte migration (Bendixen and Soborg,
1969; Smith et al., 1969) are useful and accurate tests of lympho-
cyte activity but do not give results quickly enough to be of
much clinical use. Estimates of RNA synthesis by lymphocytes
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(Parker, 1969; Parker and Mowbray, 1971; Posen et al., 1971)
will give a clinically useful result, but if antilymphocyte globulin
(A.L.G.) is used or if the patient has a viral infection the test is
invalidated.

Zaalberg (1964) first described the "cluster" or "rosette"
formation of sheep red blood cells around immunized mouse
lymphocytes. Bach and Antoine (1968) noted that a small pro-
portion of "background" or "spontaneous" rosettes was formed
in this system. They first proposed a sensitive in-vitro test
based on the inhibition of this spontaneous rosette formation.
The test was modified by Munro et al. (1971) and has been used
continuously in the renal transplant programme at King's
College Hospital and Guy's Hospital over the past two years.
The object of this paper is to present some of the lessons learnt
during this time.

What is a Rosette?

The actual configuration of a rosette is now a well-recognized
entity. It consists of a central mononuclear cell surrounded by
four or more adherent heterogeneic red blood cells. In man it
has been shown by Lay et al. (1971) that spontaneous rosettes
are formed when using sheep red blood cells and, to a less
extent, pig red blood cells. They are not formed with horse, ox,
rabbit, guinea-pig, mouse, or human ABO blood group red
cells. In mice and rats Bach and his colleagues (Bach and Antoine,
1968; Bach et al., 1969; Bach et al., 1970) and others (Biozzi
et al., 1967; Brain and Gordon, 1970, 1971; Duffus and Allan,
1971) have shown that sheep red blood cells will form numerous
rosettes, whereas in dogs only human red cells were found to
produce rosettes (Kelly et al., 1972). We still have been unable
to find a red cell that will produce rosettes in pigs.
The exact identity of the central cell is still the subject of

much debate, which is reviewed by Biozzi (1972), Bach and
Dardenne (1972), and McConnell (1972). Bach and Dormont
(1971) suggested that it is probably a T-Lymphocyte. Lay et al.,
(1971) suggested that it is in most instances a thymic-dependent
cell, as they were able to show many more rosettes when using
thymocytes than with Burkitt lymphoma cells. Duffus and
Allan (1971), Reyes and Bach (1971), Storb et al. (1969), and
Gudat et al. (1970) have shown that the rosette-forming cells are
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mainly small lymphocytes with some plasmacytes and macro-

phages. Zaalberg (1964), Biozzi et al. (1967), McConnell et al.
(1969), and Greaves and Hoog (1970) have shown that they
may also be antibody-forming cells and thus probably B-
lymphocytes. The debate on the exact nature and relation of
these cells still continues and we have done no specific work
to evaluate this.

Biozzi et al. (1967), Laskov (1968), Bach et al. (1969), and
Greaves and Hoog (1970) have shown that these cells have an
immunoglobulin surface receptor which is synthesized by the
cells. Bach et al. (1969) were able to show that this synthesis was
suppressed by azathioprine. Coombs et al. (1970), on the other
hand, suggested that the test had little immunological basis,
as it could not be blocked by anti-immunoglobulin sera.
Ada and Byrt (1969), Wigzell and Makeld (1970), and Bach

et al. (1970) all showed that these cells were antigen-sensitive.
Thus it appears that the rosette is composed of a central

mononuclear cell, the identity of which is uncertain but which in
response to antigen can produce an immunoglobulin-type of
surface receptor. This surface receptor then cross-reacts with
certain antigens on the surface of some types of heterogeneic
red cells, the type appearing to be species-specific (Lay et al.,
1971).

Method and Results

Our method was previously reported by Munro et al. (1971).
We have made no modification to the test protocol since then.

In our previous paper we made no reference to the actual
number of rosettes obtained in the controls. It seems, from work
previously quoted, that the formation of the rosette is tempera-
ture-dependent and that the maximum number of rosettes
occurred when the sheep red cells were allowed to react with the
lymphocytes at 37°C. Fewer rosettes were formed if this reaction
was allowed to occur at 4°C. We are careful to add the sheep
red cells to the lymphocytes immediately after incubation and
then centrifuge at 4°C for five minutes before resuspension at
room temperature for 10 minutes. As all the tubes are treated
identically the percentage of rosette formation in each tube
compared with the control should be the same. In practice
this appears to be so.
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Using routine immunosuppression we found that in the early
post-transplantation period the number ofrosettes in the control
fell below 10 per 1,000 lymphocytes, but as time passed we began
to see larger numbers, although the actual- titre of A.L.G.
needed to inhibit this increase in the number of rosette-forming
cells by 75% remained unchanged (Fig. 1). We were interested
to find that the number of rosettes greatly increased during
rejection episodes compared with the number seen in tests
done immediately before and after rejection (Fig. 2).
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FIG. 2-Immunological values in a patient who received a lung allograft.
(Hugh-Jones et al., 1971.)

Using A.L.G. in the immunosuppressive regimen we found
it extremely difficult to assess the minimal inhibition concentra-
tion titres because the preparation appeared to be cytotoxic to
the rosette-forming cells. Fewer than five rosettes per 1,000
lymphocytes were seen during the actual treatment with A.L.G.,
although this was only a transient phenomenon. In tests per-
formed during the three or four hours of A.L.G. administration
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FIG. 1-Case 2. Clinical and immunological values two years after receiving FIG.
renal allograft.
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3-Case 34. Clinical and immunological values three months after
receiving renal allograft.
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no rosettes could be found. During the ensuing 12 hours rosette-
forming cells began to appear in the peripheral blood. By 24
hours an appreciable number of cells could be found and an
estimate of the level of immune activity obtained. Within two or
three days of terminating a course of A.L.G. treatment there
usually appeared to be an increase in the number of rosette-
forming cells, but two to three weeks later this settled down to a
more normal level-that is, the level seen on routine immuno-
suppression with azathioprine and prednisone (Fig. 3).

ROUTINE IMMUNOSUPPRESSION

The results of 36 consecutive first cadaver renal transplants
carried out in our unit are shown in Table I and Fig. 4. Sixteen
patients survived varying periods from 3 to 26 months with

TABLE I-Results of 36 Consecutive First Cadaver Renal Transplants

Case Date of Plasma
No. Transplant Outcome CreatinineNo

.Transplant.(mg/100 ml)

1 23/1/70 Rejection at 3 months
2 23/1/70 Alive and well 1-2
3 26/1/70 Rejection at 3 months
4 23/2/70 Alive and well 12
5 13/3/70 Alive and well 1-5
6 1/4/70 Died of sepsis at 2 months
7 13/4/70 Rejection at 3 months
8 13/4/70 Alive and well 1-7
9 11/5/70 Alive and well 1-6
10 12/5/70 Alive and well 1-2
11 19/5/70 Rejection at 1 year
12 19/5/70 Rejection at 1 year
13 16/5/70 Died of sepsis at 1* months
14 27/6/70 Died of sepsis at 9 months
15 27/6/70 Alive and well 1-2
16 26/8/70 Alive and well 0 9
17 18/11/70 Rejection at 1 month
18 28/11/70 Rejection at 2 months
19 30/1/71 Died of sepsis at 2 months
20 25/3/71 Infected arterial patch at 2 months
21 27/3/71 Alive and well 1-5
22 17/6/71 Died of sepsis at 3 months
23 22/6/71 Alive and well 1.0
24 27/6/71 Alive and well 1-5
25 30/6/71 Died of sepsis at 2 months
26 8/7/71 Alive and well 1-4
27 26/7/71 Rejection at 3 months
28 5/8/71 Died of sepsis at 1 month
29 24/10/71 Rejection at 1 month
30 24/10/71 Alive and well 0 9
31 24/10/71 Alive and well 2-2
32 28/10/71 Rejection at 1 month
33 11/12/71 Died of sepsis at 1 month
34 24/12/71 Alive and well 0 9
35 1/1/72 Alive and well 0 9
36 10/1/72 Rejection at 3 weeks

Kidneys transplanted
-36b .

Alive and well Failed
lb - - - -----20 --

Rejection Sepsis
r

t1 ,----- 9----

Died Survived Died Survived
2 9 8 1

FIG. 4-Outcome of 36 cadaver renal transplants.

good renal function and only nine clinical rejection episodes.
Overall the standard of renal function was better than in a
similar group of patients managed on our previous regimen.
We believe that this is because by monitoring the activity of the
rosette-forming cells we can inhibit them before they have a
chance to manifest themselves by some degree of renal impair-
ment.
On the other hand, 20 kidneys were removed for either

overwhelming rejection or infection. Ten patients in this
group died, eight of sepsis as a result of over-immunosuppres-
sion-that is, the rosette test suggested that more immuno-
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suppression was necessary, but as a result the patient succumbed
to infection.

It is of note that 11 patients rejected their kidneys despite
increases in immunosuppression. In case 36 rejection was after
a week-end at home when the patient failed to take his drugs.
In case 18 the patient rejected the kidney despite enormous
doses of A.L.G. and steroids. In the other nine it was felt that
the level of immunosuppression could not be increased despite
the rosette test suggesting that it should be. These kidneys
failed and were removed.
We have not completed our investigations yet, but there seems

to be a correlation between the tissue-matching and the amount
of immunosuppression used-that is, the greater the number
of mis-matches the more immunosuppression was needed.
This is not entirely true, because in Case 2 (Fig. 1) the patient
had a three mis-match kidney and yet at two years had good
renal function on routine doses of azathioprine and prednisone.
The immunological and clinical values in case 24 (Fig. 5)

were notable in that both clinically and according to the rosette
test the patient had a severe rejection episode on the fourth
day. Despite enormous doses of prednisone the rosette test
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FIG. 5-Case 24. Clinical and immunological values eight months after receiv-
ing renal allograft.

suggested that he was still unsuppressed. A.L.G. was sub-
sequently used and we were able to establish a satisfactory level
of immunosuppression as judged by the test, although he
remained anuric for a further 10 days. The patient survived,
and although his renal function is not good it is slowly
improving and he has no proteinuria. It is interesting to note
that he had a two mis-match kidney, the two antigens being

TABLE II-Use of Radiotherapy in Clinical Rejection Episodes

1.0

0.8 MUR
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on the second sublocus. Oliver et al. (1972) suggested that the
results for patients with two mis-matches on the second sublocus
are very bad indeed.

Further evidence that the test is reducing the number of
clinical rejection episodes seen in our unit is contained in
Table II. It is the routine in our unit to give radiotherapy to
the graft for three days in moderate and severe clinical rejection
episodes. Since using the test routinely from about the middle
of 1970 we have reduced the amount of radiotherapy used.

USE OF A.L.G.

As stated above, the number of rosettes during the actual
administration of A.L.G. is severely reduced, but when this
occurs we suggest that the right dose of that particular A.L.G.
is being given to the patient. In Case 34 (Fig. 3) it is seen that
the number of rosettes per 1,000 lymphocytes in the control
sample was small during administration but that the number
increased after stopping the treatment. Indeed the patient had a
mild rejection episode with an increase in her proteinuria and a
slight change in her creatinine clearance on the 14th day. This
was corrected subsequently by increasing the steroids. It is of
note that during the administration of A.L.G. the steroid level
was reduced.
Of greater interest are the clinical and immunological values

shown in Fig. 6. This was the case ofa second kidney in a girlwith
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FIG. 6-Clinical and imunologcal values 18 months after receiving renal
allograft

numerous cytotoxic antibodies. She had a negative cross-match
at the time of transplantation. Routine A.L.G. was given and we
adjusted the dose on the rosette test until we achieved immuno-
suppression. We were able to reduce her prednisone dosage
during this treatment but had to increase it greatly immediately
afterwards. The dosage was then reduced steadily over the next
six months, when, unbeknown to the unit, she stopped taking
the prednisone altogether. In view of the fact that her renal
function had not changed we did not reinstitute the prednisone.
She continued on azathioprine 150 mg/day and had good renal
function at 18 months. The rosette test suggested that she was
still suppressed.

HUMORAL ANTIBODY PRODUCTION

The immunological values of a lung transplant patient from
King's College Hospital (Hugh-Jones et al., 1971) are shown
in Fig. 2. Four rejection episodes were diagnosed clinically and
confirmed by the rosette test. Each episode was treated with a
variety of immunosuppressive agents, and although the patient
died his lungs at necropsy showed minimal changes suggestive
of rejection (Cullum et al., 1972). The interesting thing about
the rejection episodes was that a lung-binding antibody was
detected 24-48 hours before the rosette test suggested that
rejection would occur, and this persisted for two to three days
after adequate immunosuppression and clinical improvement
was achieved.

Conclusion

Although the immunological basis for the rosette inhibition
test is still obscure, it does seem to be a useful test in the clinical
management of organ transplants. It allows the clinician to
reduce the immunosuppression safely in patients where the
immune system appears to be inhibited. On the other hand, it
also encourages the clinician to give more immunosuppression
than is safe for the survival of a patient. This increase in the level
of immunosuppression in some patients seems to reflect the
degree of tissue-matching. It should be pointed out that this test
does not indicate when any degree of tolerance or enhancement
is present, and in some cases we may be over-immunosuppressing
patients, especially the long-term ones. As all these patients were
on minimum immunosuppression and had good renal function
we felt that we would be jeopardizing their graft by reducing the
drugs still further with little added benefit to the patient.

Dr. Philip Hugh-Jones and Mr. P. A. Cullum, of King's College
Hospital, London, kindly gave their permission to report the
immunological values of the lung transplant patient.
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