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Radioiodine therapy temporarily
increases circulating endothelial cells
and decreases circulating endothelial
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Abstract

BACKGROUND: Radiotherapy can cause vascular injury. No
data on radioiodine therapy and vascular damage are avail-
able.
MATERIAL AND METHODS: We examined the number of cir-
culating endothelial cells (CEC) and circulating endothelial pro-
genitor cells (CEPC) before therapy 1, 2, 3 and 5 days as well
as 1, 2, 3, 4, 6, 8, 10, and 12 weeks after therapy with 131I at
doses ranging from 5–200 mCi. The individual number of CEC
and CEPC is associated with the presence of risk factors.
RESULTS: Irrespective of prevalues, CEC exhibited a signifi-
cant dose-dependent temporary increase reaching the maxi-
mum in weeks 1 and 2. In contrast, CEPC show a decrease at
the same time.
CONCLUSIONS: These results indicate that 131I-therapy induc-
es a dose-dependent radiation injury at the vascular wall level
enhancing endothelial desquamation and reducing reendothe-
lialization and thereby a proatherogenic stage. The clinical con-
sequence of these findings still needs to be assessed.
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Introduction

The value of radioiodine therapy in hyperthyroidism and thy-
roid cancer is well established. Side effects even after repeated
administration are rare except sialadenitis [1]. Recently, signs
of temporarily impaired spermatogenesis have been reported in
patients treated for differentiated thyroid cancer [2]. Furthermore,
radioiodine therapy induces LDL-modification rendering the mol-
ecule more atherogenic [3]. In–vivo oxidation injury has been
assessed measuring the isoprostane 8-epi-PGF2a in saliva [4] as
well as in blood and urine [5]. Data on vascular injury are not yet
available. It has been shown, that irradiation may cause severe
endothelial damage. An increased number of CEC have been
detected in association with vascular injury. They negatively cor-
relate with platelet survival and represent proof of  serious dam-
age to the vascular tree. More recently, CEPC finally differentiat-
ing into mature endothelial cells have been discovered as an im-
portant measure for (re-)endothelialization. This study was aimed
at assessing the kinetics of circulating endothelial (progenitor) cells.

Materials and methods

42 patients undergoing radioiodine therapy (for characteris-
tics see Tab. 1) for hyperthyroidism or differentiated thyroid can-
cer were investigated for the determination of CEC and CEPC.

A prevalue was obtained the morning before radioiodine ad-
ministration, and thereafter at days 1, 2, 3 and 5 as well as 1, 2, 3,
4, 6, 8, 10 and 12 weeks after therapy in the morning after an over-
night fast.

The determination of CECThe determination of CECThe determination of CECThe determination of CECThe determination of CEC
4.5 ml of blood were drawn from the cubital vein into 0.5 ml

of 3.8% sodium citrate as an anticoagulant. After sedimentation
for 10 minutes at room temperature (22°C) platelet rich plasma
(PRP) was prepared by centrifugation for 10 minutes at 150 × g.
1 ml of PRP was transferred into an aggregometer and aggrega-
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tion was induced with a high dose (50 mM in 100 ml) of ADP. Plate-
let aggregates were removed by a further centrifugation step.
The fragments of CEC were pelleted by a final centrifugation for
10 minutes at 1000 × g. This pellet was dissolved in Plaxan and
counted in a Bürker-Türk chamber. The number of CEC is given
per ml as is conventional in expressing blood cell counts. The inter-
-assay variation amounts to 2.4 ± 0.5 (> 20 CEC/ml) and 5.7 ± 2.6
(< 10 CEC/ml). The intraassay variation is 1.9 ± 0.4% (> 20 CEC/ml)
and 3.7 ± 1.4% (< 10 CEC/ml), respectively.

The determination of CEPCThe determination of CEPCThe determination of CEPCThe determination of CEPCThe determination of CEPC
Venous blood was collected using heparin as an anticoagu-

lant. Within 2 hours of the blood collection, the peripheral blood
mononuclear cells were isolated by Ficoll-Paque (Pharmacia Bio-
tech LKB, Vienna, Austria) density-gradient centrifugation. The
recovered cells were washed twice in phosphate buffered saline
and twice in RPMI 1640 medium containing 10% fetal calf serum
(including 100 U/ml of penicillin and 100 mg/ml of streptomycin).
Fluorescence activated cell sorting (FACS) analysis revealed
a purity > 90% and a viability > 99% (determined via trypan blue
exclusion). Thereby isolated cells were resuspended in a growth
medium and plated on fibronectin coated wells (5.106/well). After
48 hours the non-adherent cells were collected and 1.106 cells
replated on human fibronectin-coated cells. The medium was
exchanged every third day and the number of colonies finally
assessed after 7 days.

Statistical methodsStatistical methodsStatistical methodsStatistical methodsStatistical methods
The values are presented in X ± SD; calculation for signifi-

cance was done by means of ANOVA.

Results

In presence of risk factors CEC are increased and CEPC de-
creased (Tab. 2). Cigarette smoking (CEC) and hyperlipopro-
teinemia (CEPC) induce the most significant change, hyperten-
sion the least. Radioiodine therapy induces a significant change.
The increase in CEC ranges from 34 to 103% (Tab. 3). The high-
er the dose, the more pronounced the peak and the later it oc-
curs. The higher the therapeutic dose, the later the return to pre-
values occurred. Recovery was faster for CEC as compared to
CEPC, except after dosing with 200 mCi. CEPC showed a mini-
mum at day 5 (5 and 20 mCi) and week 2 (80 and 200 mCi).
The mean percent change ranged from –34 to –60% in a dose-
-dependent manner.

Discussion

Endothelial integrity is a major regulator of haemostatic bal-
ance. Although the relevant side effects of radioiodine therapy are
well known, no data on the measures of endothelial function are
available. Recently, a dose-dependent oxidation injury measuring
the isoprostane 8-epi-PGF2a in various compartments [4, 5] has

Table 1. Patients characteristics (therapeutic dose and risk factors)Table 1. Patients characteristics (therapeutic dose and risk factors)Table 1. Patients characteristics (therapeutic dose and risk factors)Table 1. Patients characteristics (therapeutic dose and risk factors)Table 1. Patients characteristics (therapeutic dose and risk factors)

groupgroupgroupgroupgroup 5 mCi5 mCi5 mCi5 mCi5 mCi 20 mCi20 mCi20 mCi20 mCi20 mCi 80 mCi80 mCi80 mCi80 mCi80 mCi 200 mCi200 mCi200 mCi200 mCi200 mCi

N 17 11 6 8
M 8 4 3 3
F 9 7 3 5
Age 47–67 44–65 45–71 53–68
SM 5 3 2 2
HY 1 2 1 1
DM 1 3 1 2
HLP 5 4 3 3

SM — smokers; HY — hypertension; DM — diabetes mellitus;
HLP — hyperlipoproteinemia

Table 2. Influence of risk factorsTable 2. Influence of risk factorsTable 2. Influence of risk factorsTable 2. Influence of risk factorsTable 2. Influence of risk factors

CECCECCECCECCEC CEPCCEPCCEPCCEPCCEPC

OR 3.2 ± 1.7 314 ± 21
SM 24.6 ± 9.6* 206 ± 30*
HY 5.8 ± 2.2 247 ± 24
DM 8.6 ± 4.2 202 ± 30*
HLP 19.5 ± 6.6* 196 ± 27*

values in X ± SD; *) p < 0.01 vs. OR (no risk factor); CEC — circulating endothelial
cells; CEPC — circulating endotheliac progenitor cells; for other abbreviations see
Table 1

Table 3. Percent change (from baseline) in CEC and CEPCTable 3. Percent change (from baseline) in CEC and CEPCTable 3. Percent change (from baseline) in CEC and CEPCTable 3. Percent change (from baseline) in CEC and CEPCTable 3. Percent change (from baseline) in CEC and CEPC

intervalintervalintervalintervalinterval mCimCimCimCimCi 55555 2020202020 8080808080 200200200200200

nnnnn 1717171717 1111111111 66666 88888

CEC CEPC CEC CEPC CEC CEPC CEC CEPC
 day 1 10/4 2/3 12/4 –4/3 19/5 –3/3 17/5 –6/5

2 25*/7 –15*/5 40*/4 –19*/8 46*/4 –26*/5 59*/6 –35*/9
3 34*/6 –28*/7 56*/6 –31*/5 69*/6 –41*/6 86*/5 –47*/8
5 30*/4 –34*/7 47*/8 –39*/6 65*/5 –43*/5 94*/8 –51*/14

 week 1 16/5 –21*/8 36*/9 –36*/4 53*/5 –56*/12 103*/10 –60*/13
2 4/3 –16/9 15/4 –29*/3 31*/7 –59*/10 86*/7 –60*/10
3 1/3 –7/5 6/5 –17/5 18*/4 –26*/8 47*/9 –33*/6
4 0/5 –3/4 4/3 –8/7 11/5 –23*/6 32*/11 –28*/7
6 –2/4 4/5 1/7 –2/6 6/7 –16/9 7/10 –22*/8
8 2/4 3/5 –2/6 –6/8 2/4 –7/5 11/6 –12/5

10 3/6 5/6 2/3 –3/5 4/5 –4/7 5/5 –6/8
12 1/6 1/5 3/4 2/4 0/4 –4/3 4/5 –1/7

data in mean values (% change); *) p < 0.01 (vs. prevalue); for abbreviations see Table 2



125www.nmr.viamedica.pl

Barbara Palumbo et al., Effect of radioiodine therapy on CEC and CEPC
Original

been described. We thus studied CEC and CEPC for functional
characterization of endothelium. The CEC-count is inversely
related to platelet survival [6] and a simple but reliable indicator
of systemic haemostatic balance. The different methodological ap-
proaches to assess CEC [7, 8] all turned out to be quite reliable.
The determination of CEC was originally introduced to assess
(experimental) vascular injury [8]. Although the endothelial origin
has been questioned earlier, morphological and (immuno-) chem-
ical techniques clearly verified the nature of the cells [9]. An in-
creased CEC-count has been found in cigarette smokers [10, 11],
those with hyperlipidemia [12] and clinical manifestation of ath-
erosclerosis [13, 14] or vascular disease [15–18] but not in those
with hypertension. The simplicity of the technique easily facilitates
follow-up monitoring. The findings after radioiodine therapy clear-
ly show a temporary increase even at the lowest administered
dose of 5 mCi. Although the prevalues severely depend on the
respective risk factor profile of each patient, the kinetic behaviour
is identical. The dose-dependent increase seems to achieve its
maximum between 1 and 2 weeks after therapy. No significant
interindividual day to day variations (unpublished data) make the
parameter even more reliable. Together with the findings on lipo-
protein modification, the data clearly indicate a significant tempo-
rary radiation injury at the local blood vessel wall level. Although
the extent and duration makes clinical relevance as to vascular
disease development and/or progression unlikely, the effect itself
is of interest. It is of interest that with the risk factor groups
CEC-prevalues in the high radioiodone dose-group are significantly
higher. This points to the role of hypothyroidism as an additional
factor increasing CEC. This claim has been verified by pilot inves-
tigations in patients featuring hypothyroidism and subsequently
undergoing hormone substitution therapy.

CEPC are claimed to play a central role in the repair of endo-
thelial damage. A decreased CEPC-count is associated with
a decreased (re-)endothelialization capacity. Counting CEPC is
an interesting new methodological approach in assessing endot-
helial functional behaviour [19, 20]. This role in vascular tissue
repair after injury is well established.

Decreased CEPC are found in people at risk for the develop-
ment of cardiovascular disease. A significant reduction in CEPC
was reported [21] for hypercholesterolemia, diabetes and hyper-
tension [22], confirming our findings (Table 2). Furthermore, a co-
rrelation in the testing of flow-mediated brachial artery reactivity
and thereby endothelial (dys-)function has been described. Statin
therapy [23], for example has been shown not only to mobilize
and augment the number of CEPC but also to enhance their func-
tional activity.

A number of reports also performed functional classification
of CEPC, which has not been done, however, in this study.

Conclusion

Our findings indicate a significant haemostatic imbalance re-
flected by a disturbance in the endothelial lining due to both in-
creased desquamation and diminished repair. Whether and to
what an extent this may favour development and/or progression
of vascular disease still remains to be assessed.

Acknowledgements

The authors are gratefully acknowledging the valuable help
of Eva Unger in preparing and typing the manuscript.

References

1. Van Nostrand D, Neutze J, Atkins F. Side effects of “rational dose”
iodine-131 therapy for metastatic well–differentiated thyroid carcinoma.
J Nucl Med 1986; 27: 1519–1527.

2. Wichers M, Benz E, Palmedo H, Biersack HJ, Grünwald F, Klingmüller D.
Testicular function after radioiodine therapy for thyroid carcinoma.
Eur J Nucl Med 2000; 27: 503–507.

3. Resch U, Weiss K, Tatzber F, Sinzinger H. Influence of radioiodine
therapy on in-vivo lipoprotein oxidation. Nucl Med Commun 1999; 20:
949–950.

4. Wolfram R, Palumbo B, Chehne F, Palumbo R, Sinzinger H. (Iso) Pros-
taglandins in saliva indicate oxidation injury after radioiodine therapy.
Rev Esp Nucl Med 2003 (submitted).

5. Wolfram R, Budinsky A, Palumbo B, Palumbo R, Sinzinger H. Radio-
iodine therapy induces dose-dependent in-vivo oxidation injury:
evidence by increase isoprostane 8-epi-prostaglandin-F2a. J Nucl Med
2002; 43: 1254–1258.

6. Sinzinger H, Fitscha P, Peskar BA. Platelet half-life, plasma thrombo-
xane B2 and circulating endothelial-cells in peripheral vascular disease.
Angiology 1986; 37: 112–118.

7. George F, Brisson P, Poncelet P, Laurent JC, Masot O, Arnoux D,
Ambrosi P, Klein-Soyer C, Cazenave JP, Sampol R. Rapid isolation of
human endothelial cells from whole blood using S-Endo 1 monoclonal
antibody coupled with immunomagnetic beads: demonstration of en-
dothelial injury after angioplasty. Thromb Haemost 1992; 67: 147–153.

8. Hladovec J. Circulating endothelial cells as a sign of vessel wall
lesions. Physiologia Bohemoslav 1978; 27: 140–144.

9. Najemnik C, Sinzinger H, Kritz H. Endothelial dysfunction, atheroscle-
rosis and diabetes. Acta Med Austr 1999; 26: 148–153.

10. Davis JW, Shelton L, Eigenberg DA, Hignite CE, Watanabe IS. Com-
parison of tobacco and non-tobacco cigarette smoking on endotheli-
um and platelets. Clin Pharmacol Ther 1985; 37: 529–533.

11. Davis JW, Shelton L, Eigenberg DA, Hignite CE. Lack of effect of aspi-
rin on cigarette smoke–induced increase in circulating endothelial cells.
Haemostasis 1987; 7: 66–69.

12. Sinzinger H, Rauscha F, Fitscha P, Kaliman J. Effect of high and low-
-dose aspirin on circulating endothelial cells. VASA 1988; 17: 84–88.

13. Mutin M, Canavy I, Blann A, Bory M, Sampol J, Dignat-George F.
Direct evidence of endothelial injury in acute myocardial infarction and
unstable angina by demonstration of circulating endothelial cells. Blood
1999; 93: 2951–2958.

14. Sinzinger H, Rauscha F, Fitscha P, Kaliman J. Beneficial effect of PGI2
on circulating endothelial cells. Basis Res Cardiol 1988; 83: 597–601.

15. Camoin-Hau L, Kone-Paut I, Chabrol B, Sampol J, Dignat-George F.
Circulating endothelial cells in Behcet´s disease with cerebral throm-
bophlebitis. Thromb Haemost 2000; 83; 631–632.

16. George F, Brouqui P, Boffa MC, Mutin M, Drancourt M, Brisson C,

Raoult D, Sampol J.  Demonstration of Rickettsia conorii induced en-

dothelial injury in vivo by measuring circulating endothelial cells, throm-

bomodulin and von Willebrand factor in patients with Mediterranean

spotted fever. Blood 1993; 82: 2109–2116.

17. Lefévre P, George F, Durand JM, Sampol J. Detection of circulating

endothelial cells in thrombotic thrombocytopenic purpura. Thromb

Haemost 1993; 69: 522.



126

Nuclear Medicine Review 2003, Vol. 6, No. 2

www.nmr.viamedica.pl

Original

18. Schmitz–Huebner U, Knob J. Evidence for an endothelial cell dys-
function in association with Behcet´s disease. Thromb Res 1982; 34:
277–285.

19. Asahara T, Murohara T, Sullivan A et al. Isolation of putative proge-
nitor endothelial cells. Science 1997; 275: 964–967.

20. Asahara T, Masuda H, Takahashi et al. Bone marrow origin of endothelial
progenitor cells responsible for postnatal vasculogenesis in physiologi-
cal and pathological neovascularization. Circ Res 1999; 85: 221–228.

21. Vasa M, Fichtlscherer S, Aicher A et al. Number and migratory ac-

tivity of circulating endothelial progenitor cells inversely correlate

with risk factors for coronary artery disease. Circ Res 2001; 89:

E1–E7.

22. Hill JM, Zalos G, Halcox JPJ et al. Circulating endothelial progenitor

cells, vascular function, and cardiovascular risks. New Engl J Med

2003; 348: 593–600.

23. Vasa M, Fichtlscherer S, Adler K et al. Increase in circulating endo-

thelial progenitor cells by statin therapy in patients with stable coro-

nary artery disease. Circulation 2001; 103: 2885–2890.


