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GENERALL SUMMARY AND DISCUSSION 

Thee aim of our study was to clarify the mechanism of thrombocytopenia occurring in patients 

withh recurrent neuroblastoma and treated with [131 l]MIBG. The [131 l]MIBG related thrombocytopenia, 

couldd not completely be explained by the delivered total body radiation dose from [131l]. We 

hypothesizedd that there was a direct toxic effect of the radiolabeled MIBG on the precursor cells of 

thee thrombocytes, the megakaryocytes, because of the long duration of this thrombocytopenia 

lastingg weeks, up to months.We therefore investigated if MIBG is accumulated in thrombocytes 

andd megakaryocytes and if so, via which transport system. In addition, we studied if and how this 

uptakeuptake can selectively be inhibited by pharmacological interventions. 

Firstt we focussed on the question, do platelets accumulate MIBG? In Chapter 2 the uptake of 

MIBGG in platelets was investigated and compared with that of serotonin. The MIBG uptake in 

plateletss was further compared to that in SK-N-SH neuroblastoma and PC-12 pheochromocytoma 

cells.. The results of this study indicate that MIBG uptake in platelets is not mediated by a neuro-

adrenergicc uptake system (NET), but probably proceeds via the serotonin transport system. 

[131I]MIBGG concentration by platelets was at least as efficient as in neuro-adrenergic tumour cells 

andd has therefore radiobiological potential for injuring these cells or possibly the precursor 

megakaryocytes. . 

Inn chapter 4 the uptake of MIBG and serotonin in human platelets was further characterized 

usingg selective serotonin reuptake inhibitors (SSRIs). From this study it was concluded that MIBG 

iss promiscuous and is transported via the SERT in the platelets, and via the NET in the 

neuroblastomaa cells. This was confirmed in chapter 6, showing the expression of the SERT as 

thee sole outer membrane transporter present in platelets and the NET in the neuroblastoma cells 

SK-N-SH.. Because MIBG is transported via two different transport systems, selective inhibition of 

MIBGG uptake via these transporters was further studied in chapter 4. After a single dose all of 

thee SSRIs were in a bioassay very potent in blocking the MIBG uptake in the platelets, but had 

noo effect on the MIBG tumor loading in vivo. This finding showed promise for the prevention of 

thee MIBG related thrombocytopenia. 

Beforee the clinical application of these SSRI intervention could be investigated, the accumulation 

off MIBG in the megakaryocytes still had to be demonstrated. Since culturing of megakaryocytes 

waswas not possible at that time, in chapter 3 the possibility to find a model, to study serotonin and 

MIBGG uptake in megakaryocytes, was investigated. For this purpose three cell lines with 

megakaryocyticc properties, the MKPL-1, CHF-288-11 and the HEL cell lines, were selected. The 

uptakee of serotonin and MIBG was investigated in vitro and because no uptake of serotonin 

waswas found in vitro, we concluded that they were not a good model. This line of investigation 
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wass therefore not continued. The finding that none of these cell lines contained the SERT, nor 

anyy of the other outer membrane transporters (chapter 6), corresponds with the lack of serotonin 

uptakee in these cells. It was initially surprising that the VMAT2 was present, because we had 

previouslyy concluded (chapter 3) that these cell lines were not likely to have functional storage 

granules.. This might however explain the finding that the total MIBG accumulation was higher 

inn all cell lines compared with serotonin accumulation. MIBG is a lipophilic cation, and accumulates 

inn metabolically active cells by non-specific uptake, after which it can be stored in the storage 

granules.. These results also clearly indicate that in the absence of active transport at the plasma 

membrane,, the expression of vesicular transporters is not sufficient for detectable accumulation 

byy granular transporters. 

Afterr it was finally possible to grow megakaryocytes in vitro we cultured megakaryocytes 

fromm CD 34 * stem cells, isolated from bone marrow from volunteers undergoing cardiac surgery. 

Usingg these cultures of megakaryocyte cells in different stages of development, we studied the 

MIBGG and serotonin accumulation, which is described in chapter 5. The serotonin uptake in the 

megakaryocytes,, although slower than that in the platelets, was comparable for the final levels 

needed.. Remarkably, no uptake of MIBG in megakaryocytes could be found, and high doses 

MIBG,, up to 10-4 M, did not inhibit the serotonin uptake. 

Inn Chapter 6 we sought to understand this difference in MIBG uptake between the platelets 

andd their mother cells the megakaryocytes. We hypothesized that the serotonin transporter 

mightt not be expressed in the megakaryocytes, or that there might be a difference in the 

vesicularr transporter. So the expression profiles of the SERT and VMAT, were investigated and 

thesee transporters were both expressed in the platelets and megakaryocytes. The possibility that 

anotherr member of the transporter family might be present on the platelets and not on the 

megakaryocytes,, was also investigated. But both DAT and NET were not expressed in platelets 

andd megakaryocytes. So the difference in MIBG uptake capacity between the megakaryocytes 

andd thrombocytes can not be explained by transporter expression profiles. Possibly, factors 

inherentt to the in vitro culture of megakaryocytes, such as artificial exposure to thrombopoietin 

orr the absence of stromal adherence, as well the complexity of the membrane structure and the 

glycosylationn of the serotonin transporter might play a role (chapter 5). 

Sincee there was no MIBG uptake in the megakaryocytes, there was no effect of the SSRIs. So 

despitee the promising results of the study of the SSRIs in chapter 4, no clinical study was designed to 

evaluatee the effect of the SSRIs on MIBG uptake in tumor vs. platelets and megakaryocytes. 

Furtherr studies have to be undertaken to evaluate if megakaryocytes in vitro in the bone 

marroww indeed do not accumulate MIBG. 
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RECOMMENDATIONS S 
Thee thrombocytopenia occurring after [131l] or [125I]MIBG therapy is still not explained. The 

megakaryocytess we used to study the MIBG and serotonin uptake were functional, and seemed 

too mature and to develop into platelets (Chapter 4). We still do not know if they represent in all 

aspectss the megakaryocytes that grow and multiply in the bone marrow. Little is also known 

aboutt the uptake capacity and vulnerability of the progenitor cells of the megakaryocytic lineage. 

Wee do know that the homing and seeding of the stem cells in patients that have been treated 

withh [ 131I]MIBG is delayed (de Kraker personal comment). This can be the result of the irradiation 

off the microenvironment in the bone-marrow, resulting in permanent damage of the matrix and 

thee supporting cells that produce cytokines, needed by the stem cells to grow and multiply. 

Too try to diminish this complication, the effect of radical scavengers might be explored in 

thesee patients, so that the bone marrow reinfusion might be more effective, and the aplasia 

periodd will be shorter. Vitamin C has on the one hand radical scavenging properties and on the 

otherr hand it induces free oxygen radicals in ferritin rich neuroblastoma. The administration of 

vitaminn C to patients with recurrent neuroblastoma is now under investigation in combination 

withh radioiodinated MIBG and hyperbaric oxygen treatment. The possible protective effect of 

thiss combination treatment on the thrombocytopenia is being evaluated. 

Bonee marrow of patients with a neuroblastoma should be examined before and after [131 l]MIBG 

therapy,, to evaluate the number of megakaryocytic precursors in addition of the number of CD 

344 + cells. It is not known if there is a correlation between the number of CD 34 + cells that are 

megakaryocyticc of origin, and the thrombocytopenia after MIBG therapy. Possibly, we will be 

ablee to predict which patient has low numbers of megakaryocytic progenitor cells and will be at 

riskk of developing thrombocytopenia or related problems after bone marrow reinfusion. 

Furthermoree the ability of these megakaryocytic precursor cells to expand in vitro (and thus in 

vivo)vivo) after radioiodinated MIBG therapy, should be investigated. 

Thee effect of predosing with non-radiolabeled MIBG on [13nl]MIBG tumor targeting has been 

demonstratedd in patients with metastatic carcinoid, resulting in increased tumor/non tumor 

ratios.. These patients received non-radiolabeled MIBG prior to therapeutic [131I]MIBG infusion. 

Thiss effect is the result of blocking of non-specific binding sites by excess non-radiolabeled 

MIBG,, resulting in reduced levels in normal tissues. Predosing with non-radiolabeled MIBG should 

bee studied in neuroblastoma with two objectives. First, predosing in patients with a neuroblastoma 

thatt shows good MIBG accumulation might be used to lower the therapeutic dose of [131 l]MIBG, 

resultingg in a lower total body exposure and possibly less thrombocytopenia, with the same 

radiationn dose to the tumor. Second, in patients with faint tumor imaging on a diagnostic 

[131I]MIBGG scan, predosing might result in improved tumor tagetting, and thus allow these 

patientss to be treated with [131I]MIBG. 




