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Abstract

SpJeen targeted In-114m, using labelled autologous lymphocytes, has produced a significant
antitumour effect in patients with chronic lymphocytic leukaemia and Non-Hodgkins
lymphoma (Sharma et al, Anti-Cancer Research 17, 1815-1822, 1997). Heat treated red blood
cells could be used as alternative vectors for splenic targeting of In-114m, making the
technique easier, more universally applicable and furthermore, may reduce the
myelosuppression seen with labelled lymphocytes.

Red blood cells from H03T rats were labelled with In-114m-oxine, incubated at 49.5°C for 15
minutes and their distribution investigated in the spleen, liver and blood of recipient animals.
The splenic uptake in the spleen at 24h was 64.08%, remained unchanged at 7days, cleared
slowly after that, clearly demonstrating the specificity of HTRBC to target In-114m to the
spleen.

The depletion of peripheral blood lymphocytes was measured in two groups of HO3T rats
following the administration of 1.6 and 3.2 MBq of In-114m-HTRBC respectively. Compared
to the controls, ~ 70% of lymphocytes were depleted in the treated animals within one week
and remained unchanged for 6 weeks. Using a rat T-cell lymphocytic leukaemia model, with
resemblance to the clinical disease, an anti-leukaemic effect of this method of treatment, was
monitored. An average life span of the treated group (1.85 MBq of In-114m-HTRBC) was
17.1 days, compared to the 13.5 days for the untreated group. These results are similar to the
ones reported by targeting In-114m with labelled lymphocytes.

In summary, the project has shown that In-114m-HTRBC can be used to deposit the
radioactivity, selectively in the spleen, which in turn, depletes the peripheral blood
lymphocytes and produces an anti-leukaemic effect in terms of enhanced life span.

The bone marrow toxicity from In-114m therapy is under investigation and a pharmacokinetic
study in selected cancer patients is planned following which, a clinical trial will be considered.

1.0 Introduction and Background

Lymphocytes, involved in lymphoid cell malignancy, are radiation sensitive cells and

their migration involves continuous re-circulation between the blood and the

lymphatic tissue. About 70-80% of the blood lymphocytes migrate to the spleen and
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lymph nodes [1, 2, 3]. By virtue of these two properties, depletion of re-circulating

lymphoid cells could be achieved by sitine an irradiation field in a major lymphatic

organ, eg the spleen. This would offer a potential treatment for the lymphoid cell

malignancies such as chronic lymphocytic leukaemia (CLL) and Non-Hodgkin's

lymphoma (NHL).

Principle of splenic radioactivity to induce lymphocytopaenia was first demonstrated

by Roser and Ford [4] in the rat by intrasplenic injection of 32P and 185W. Birch et al

[5] used In-114m labelled lymphocytes as vectors to deposit radioactivity in the

spleen which was subsequently shown to produce a rapid depletion of peripheral

lymphocytes. Use of the lymphocytes to selectively deposit radioactive In- 111 in the

spleen had been demonstrated earlier by Sparshott et al [6]. Furthermore, Birch et al

[5] clearly demonstrated that spleen localised In-114m increased the life span of

leukaemic rats in a dose dependent manner. The animal leukaemia model used in

these experiments was a T-cell acute lymphocytic leukaemia (ALL) called Roser's

leukaemia [7], with a close resemblence to the human ALL [8].

A subsequent pharmacokinetic study [9] in patients with lymphoid cell malignancy

confirmed that the results obtained from the animal experiments were applicable to

human subjects. A clinical trial using autologous In-114m labelled lymphocytes to

treat patients in the terminal phase of CLL, produced a 70% response [10]. The

patients suffered no immediate side effects; none experienced fever, nausea or

vomiting; there was no evidence of hepatic destruction. The major toxicity was

myelosuppression, predominantly thrombocytopaenia; some patients required platelet

support.

In the above-mentioned investigations [5, 9, 10], the In-114m labelled lymphocytes

were used as vectors to target the activity to the spleen. The clinical outcome has

provided ample evidence, that spleen targeted In- 114m, results in profound
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lymphocytopaenia, and is successful for the treatment of patients with lymphoid cell

malignancies. Although autologous lymphocytes have proved to be good vehicles for

transporting the In-114m to the spleen, the number of lymphoid cells required,

necessitates the use of a cell separator on some patients. In addition, approximately

5% of the administered radioactivity localizes in the bone marrow, which is probably

the reason for myelosuppression.

There is an obvious need to search for new vehicles to create the selective internal

lymphoid irradiation field in the spleen. The criteria would be: i) easy to harvest, ii)

more universally applicable, iii) low uptake in the bone marrow and iv) avoid the

ethical dilema associated with the re-injection of malignant cells. Of several

possibilities, the most practical one appeared to be the use of heat-treated red blood

cells (HTRBC). In 1980, the specificity of using Tc-99m-HTRBC for imaging the

spleen was reported [11], and four years later, [12] the optimum conditions for splenic

localisation of HTRBC in man were described using Cr-51 label. This three-phased

investigation, was undertaken, to create the lymphoid irradiation field in the spleen,

with In-114m-HTRBC, and to test its potential for the treatment of lymphoid cell

malignancy.

Phase 1: The distribution and retention of In-114m in the spleen following the

injection of labelled HTRBC.

Phase 2: The assessment of lymphocytopenia from the localised In-114m in the

spleen.

Phase 3: Monitoring the increase in life span of the leukaemic animals treated

with In-114m-HTRBC.

2.0 Materials and Method

In phase 1 of the project, red blood cells from HO3T rats were radiolabelled with In-

114m-oxine and their distribution investigated in the spleen of recipient animals. In-
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114m has a half-life of 49.5 days and emits (3-particle of 777 keV average energy in

addition to a prominent y-ray of 190 keV. The cell labelling efficiency with In-oxine

was >95% in less than 5 minutes. The labelled cells were incubated at 49.5°C for 15

minutes and injected into 3 groups of rats. The uptake of In-114m was measured in

the spleen, liver, kidneys, lungs, testes, and blood at 24h, 7d and 28d post-injection.

Autoradiograph of the spleen section was obtained from an animal from the7d group.

In phase 2, depletion of peripheral blood lymphocytes was measured using three

groups of adult HO3T rats (8 animals per group). In group 1, each animal received

1.6MBq of In-114m labelled HTRBC intravenously, in group II, each received

3.2MBq and the third group served as controls. Peripheral blood samples (10ul) were

taken weekly from the tail vein. The red cells were haemolysed and the total white

cell count monitored using a Coulter counter. Since the lymphocytes and polymorphs

were not distinguished by the Coulter counter, blood smears were made for

differential cell counts. This enabled the proportion of lymphoctyes to be calculated

in control and treated animals.

In phase 3, an anti-leukaemic effect of this method of treatment was monitored using

the rat T-cell lymphocytic leukaemia model. Three groups of rats (10 per group) were

inoculated with 103 leukaemic cells. Group 1 served as controls, whereas groups II

and III received 0.9MBq and 1.8MBq of In-114m labelled HTRBC respectively.

Following the injections, the animals were observed frequently for the enlargement of

neck glands and disease related severe lethargy. Animals at this stage of the disease

do not survive for more than a few hours and therefore have to be killed to prevent

undue suffering.
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3.0 Results

3.1 Distribution of In-114m

The uptake of In-114m following the administration of labelled HTRBC for three

time points (24h, 7d and 28d p.i.) is shown in Table 1. The results clearly show that at

24h -64% of the injected activity localized in the spleen and remained virtually

unchanged for 7 days followed by a slow elimination. The uptake in the liver is lower

by an order of magnitude and remained static for up to 28 days. The blood

concentration declined dramatically from day 1 to day 7, after which it remained

unchanged. The other organs monitored in these experiments i.e. the kidneys, lungs

and testes, had very low uptake at all three time points.

Autoradiographs of the spleen section is shown in Figure 1. The radioactivity is

concentrated in the marginal zone (MZ) and red pulp (RP), whereas, the white pulp

(WP) containing the central arteriole (CA) is relatively free form the radioactivity.

The concentration of P "-emitting In-114m in the MZ would obviously provide a

strong field of irradiation to the re-circulating pool of lymphocytes.

3.2 Effect of In-114m-HTRBC on the peripheral lymphocytes

The differential cell counting of several blood smears revealed that, in the control

group, the mean lymphocyte count was 66 ± 5%, polymorphs 34 ± 5%. This situation

had reversed itself in both the treated groups, in these the average lymphocyte count

was 38 ± 10%, whereas the polymorph count was 62 ± 10%. These results are

consistent with the selective elimination of highly radiation sensitive lymphocytes.

Figure 2 shows the peripheral lymphocyte count Vs time in the three groups of rats. A

dramatic fall in the lymphocyte counts can be seen at one week, which was

maintained for up to 6 weeks and then begins to show a slight increase.
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Table 1 Uptake distribution of In-114m from labelled HTRBC

Organ

Spleen

Liver

Blood / mL

Kidneys

Testes

Lung

Day 1

64.0811.01

5.861 0.39

2.1410.29

0.3910.09

0.0410.004

0.2110.02

Day 7

62.07 1 0.55

7.58 1 0.44

0.37 + 0.05

0.80 1 0.05

0.08 1 0.004

0.071

Day 28

40.34111.02

6.241 0.29

0.33 1 0.02

1.1710.07

0.27 1 0.05

0.1310.004

Figure 1 Spleen Autoradiograph
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Figure 2 Lymphocyte count using In-114m HTRBC
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Figure 3 Survival time (days post-injection)

3.3 Anti-leukaemic effect of In-114m-HTRBC

To monitor the potential of In-114m-HTRBC as a radio-therapeutic treatment of

lymphoid cell malignancy, relative increase in life span of leukaemic animals was

investigated at two dose levels compared to the control group. Survival time

histograms of the three groups of animals is shown in Figure 3. Six animals of the

control group died on day 13, the remaining on day 14. All the animals treated with

0.9MBq of In-114m-HTRBC died on day 14 i.e. no significant increase in life span

was seen for this group. In comparison, out of the ten animals treated with 1.8MBq, 3

animals died on day 15, 1 on day 16, 2 on day 17, 1 on day 18, 2 on day 19 and 1 on

day 20. The average life span for this group was 17.1 days compared to 13.5 days for

the control group.

4.0 Discussion

The results obtained from the distribution study, have clearly demonstrated that the

radiolabelled HTRBC can be used to selectively deposit a large proportion of the
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administered radioactivity in the spleen. Elimination from it is slow and therefore the

spleen would be expected to continue to act as an internal field of irradiation for the

re-circulating lymphoid cells. It should also be mentioned that the microscopic

distribution of In-114m (Figure 1) in the spleen section, deposited by HTRBC is

identical to the one seen with labelled lymphocytes (Figure 2 in Ref.5).

Profound depletion of peripheral lymphocytes resulted from the spleen deposited In-

114m within one week, which was maintained for up to 6 weeks i.e. the duration of

the experiment. Furthermore, the decrease in lymphocyte counts observed with

1.6MBq, is similar to the one obtained with 3.2MBq of In-114m indicating that the

dose levels used in these experiments produced a saturation depletion. Much smaller

doses may be sufficient to produce a similar response. These results are consistent

with those reported by Birch et al [5] in which 95% of peripheral blood lymphocytes

got depleted within 3 weeks of 0.74MBq(20uO) of In-114m administered as

radio labelled thoracic duct lymphocytes.

Depletion of peripheral lymphocytes is in itself a good indicator of therapeutic

efficacy of this method against lymphoid cell malignancy. The significant increase in

life span of leukaemic animals observed with 1.8MBq of In-llm-HTRBC has

provided a further evidence of the anti-leukaemic effect of the technique. For

comparison, administration of 2.2MBq(60^Ci) as labelled lymphocytes increased the

life span of leukaemic animals from 7 to 11 days [5].

5.0 Summary

In a series of experiments, the administration of In-114m labelled HTRBC have been

shown to deposit around 2/3 of activity in the spleen of the recipient rats thus creating

an internal source of irradiation for recirculating lymphocytes. This in turn produced

profound lymphocytopenia in normal animals and significantly increased the life span
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of animals inoculated with rat T-cell lymphocytic leukaemia, clearly demonstrating an

anti-leukaemic effect.

An investigation of bone marrow toxicity following In-114m-HTRBC therapy has

now been undertaken. A pharmacokinetic study of In-114m-HTRBC in selected

cancer patients is planned following which, a phased clinical trial of the technique

would be considered.
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