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Abstract 
Levels of serum interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a) were studied 

in 34 nonsplenectomized thalassemic patients (Thal/nonsplenec ), 43 postsplenectomized tha­
lassemic patients (Thal/postsplenec ), 13 splenectomized non-thalassemic patients (non Thall 
postsplenec) and 18 normal control by enzyme linked immunosorbent assay method. Serum IL-6 
concentration in Thal/postsplenec was significantly increased when compared with Thall 
nonsplenec and normal volunteers (3.55±2.47 pg/ml vs 2.38±2.31 pg/ml, p=0.036 and 3.55±2.47 
pg/ml vs 2.66±0.45 pg/ml, p=0.028, respectively). This study also demonstrated that TNF-a value 
in Thal/postsplenec was drastically increased above normal control level (15.8±4.86 pg/ml vs 
9.16±2.18 pg/ml, p=O.OOl) and the level was statistically significantly higher than that in Thai/ 
nonsplenec (15.5±4.86 pg/ml vs 9.96±5.19 pg/ml, p=O.OOl). There was a trend toward increasing 
of cytokine levels in Thal/postsplenec with higher platelet count although no correlation was 
observed. This study addresses the possible role of IL-6 and TNF-a in the pathogenesis of 
reactive thrombocytosis in Thal/postsplenec. 

Interleukin-6 (IL-6) is a polypeptide syn­
thesized primarily by endothelium, T lymphocytes 
and monocytes, this cytokine expresses a pleio­
tropic function. Elevated levels of serum IL-6 was 
previously observed during the acute-phase res­
ponse and in chronic conditions associated with 
infection, inflammation, or malignancyCl). IL-6 
plays an important role in megakaryocytopoiesis 
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and platelet production(!). Previous studies re­
vealed an association between high plasma IL-6 
and reactive thrombocytosis but a small group of 
patients with splenectomy and thalassemia was 
enrolled(3,4), Although thrombocytosis occurs in 
infection and certain inflammatory states may be 
mediated through an increase in IL-6 level, other 
inflammatory cytokines including tumor necrosis 
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factor alpha (TNF-a) and interleukin-1 may also 
exert their effects on platelet production too. 

Previous studies showed that patients 
with thalassemia major (majorThal) who under­
went splenectomy invariably developed thrombo­
cytosis and some of them subsequently had pulmo­
nary thromboembolism(5,6)_ The mechanism of 
thrombocytosis and its role in the pathogenesis of 
thrombosis is still not clear(7,8)_ A recent study 
showed increased serum levels of TNF-a and 
macrophage-colony-stimulating-factor (M-CSF) in 
patients with B-thalassemia/HbE (B-Thal/HbE). 
This was shown to be related to the activation of 
mononuclear phagocytes(9, 10). The role of IL-6 in 
thalassemic patients with thrombocytosis has not 
been extensively studied. 

To further ascertain the role of IL-6 and 
TNF-a in thrombocytosis associated with thalase­
mic patients who underwent splenectomy (Thall 
postsplenec). Serum IL-6 and serum TNF-a were 
determined in nonsplenectomized thalassemic 
patients (Thal/nonsplenec), Thallpostsplenec, and 
non-thalassemic subjects who had been previously 
splenectomized for other causes (nonThal/post­
splenec). The results were compared and evaluated 
in this study. 

MATERIAL AND METHOD 
The 77 thalassemic patients included 34 

Thal/nonsplenec aged between 7-48 years (14±7.7 

yrs) and 43 Thal/postsplenec aged between 6-38 
years (15±6 yrs) and 13 nonThal/postsplenec aged 
between 17-59 years (34±11.3 yrs) and 18 normal 
control aged between 6-45 years (25.9±10 yrs) 
were studied. The average of platelet counts in 
those four groups was 302x109JL, 714x109JL, 
416xl09JL and 310xl09/L, respectively. The 
patients' characteristics are demonstrated in Table 
1. The age range and subtype of thalassemia in 
both groups were comparable. Splenectomy in 
nonThal!postsplenec was due to immune thrombo­
cytopenic purpura, trauma or other types of hemo­
lytic anemia. 

Cytokine assay 
Venous blood sample was taken from 

each patient for platelet count and cytokine (IL-6 
and TNF-a) assay. Platelet count was performed 
on the same day of blood collection. Sera for IL-6 
and TNF-a were kept at -70°C until used. The 
enzyme linked immunosorbent assay (ELISA) was 
used for the measurements of IL-6 and TNF-a 
using commercial kit from R&D system, Minnea­
polis, U.S.A. 

Statistical Analysis 
The 6.0 release of the SPSS was used for 

the analysis. All data were expressed as the 
mean±SD and analyzed by unpaired t test. Signi­
ficant differences between groups were determined 
at p <0.05. 

Table 1. Clinical characteristic of the patients. 

Normal Nonsplenectomized Post~plenectomized Postsplenectomized 

control thalassemia thalassemia nun-thalassemia 

n=l8 n=34 n=43 n=l3 

Age, Mean ±SD (yrs) 25.9±10 14.6±7.7 15.5±6 34.5±11.3 

Male/Female 8/10 18/16 23/20 4/9 

~ -thalassemia/HbE - 26 32 -
~-thalassemia major - 6 II -

AE Bart's - 2 - -

Platelet count 310±115 302±169 714±350 416±479 
9 

(mean±SD x 10 /L) 
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Table 2. Serum IL-6 and serum TNF -a levels in nonsplenectomized thalassemia, postsplenectomized 
thalassemia, splenectomized non-thalassemia and normal control. 

IL-6 levels (pg/ml) TNF-a levels (pg/ml) 

Subject N mean±S.D. 

1. Normal control 17 2.66±0.45 

Thal/nonsplenec 34 2.38±2.31 

2. Normal control 17 2.66±0.45 

Thal/postsplenec 43 3.55±2.47 

3. Normal control 17 2.66±0.45 

nonThal/postsplenec 13 3.23±1.03 

4. Thal/nonsplenec 34 2.38±2.31 

Thal/postsplenec 43 3.55±2.47 

5. Thal/nonsplenec 34 2.38±2.31 

nonThal/postsplenec 13 3.23±1.03 

6. nonThal/postsplenec 13 3.23±1.03 

Thal/postsplenec 43 3.55±2.47 

* statistically significant 

RESULT 
The values of IL-6 and TNF-a among 

each group are shown in Table 2. IL-6 levels 
were similar in normal control and Thal/non­
splenec (2.66±0.45 pg/ml vs 2.38±2.31 pg/ml) 
whereas Thal/postsplenec had significantly higher 
levels of IL-6 than Thal/nonsplenec (3.55±2.47 
pg/ml vs 2.38±2.31 pg/ml, p=0.036). In addition, 
IL-6 levels in Thal!postsplenec were slightly 
higher than nonThal/postsplenec without statistical 
significance (3.55±2.47 pg/ml vs 3.23±1.03 pg/ml). 
Significant differences were observed in both 
Thal/postsplenec and nonThallpostsplenec when 
compared with normal control (3.55±2.47 pg/ml vs 
2.66±0.45 pg/ml, p=0.028 and 3.23±1.03 pg/ml vs 
2.66±0.45 pg/ml, p=0.002, respectively). No statis­
tically significant correlation between serum IL-6 
levels and platelet counts was observed in Thai/ 
postsplenec (r = 0.164 ). Similarly, TNF-a values in 
Thal/postsplenec were drastically increased above 
controi values (15.8±4.86 pg/ml vs 9.16±2.18 
pg/ml, p=0.001). Moreover, the same trend was 

p-value N mean±S.D. p-value 

Ul 9.16±2.1}3 

0.495 26 9.69±5.19 0.645 

18 9.16±2.18 

0.028* 41 15.82±4.86 0.001* 

- ND 

0.002* - ND 

26 9.69±5.19 

0.036* 41 15.82±4.86 0.001 * 

- ND 

0.054 - ND 

- ND 

0.541 - ND 

observed when comparing this group with Thai/ 
nonsplenec (15.8±4.86 pg/ml vs 9.69±5.19 pg/ml, 
p=0.001). No statistically significant correlation 
between serum TNF-a concentration and platelet 
counts was noted in Thal/postsplenec (r = -0.126). 

Thal/nonsplenec, Thal/postsplenec and 
nonThal/postsplenec were further stratified in 4 
groups according to the number of platelet count, 
i.e., low (<150 x 109 cells/L), normal (150-400 x 
1Q9 cells/L), high (400-1,000 x 1Q9 cells/L) and 
extremely high (>1,000 x 1Q9 cells/L). The serum 
IL-6 and serum TNF-a levels of each category is 
demonstrated in Table 3. Interestingly, there was 
a trend toward increasing of both cytokine levels 
in the patients with higher platelet counts. 

DISCUSSION 
IL-6 has been shown to induce megakaryo­

cytopoiesis and increase platelet production both in 
vitro and in vivo(1). IL-6 synthesis may be induced 
by other inflammatory cytokines such as TNF-a, 
interleukin-1 and interferon-gamma. Recent study 
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Table 3. Cytokine levels stratified by platelet counts in nonsplenectomized thalassemia, postsplenectomized 
thalassemia and splenectomized non-thalassemia. 

Serum IL-6 Levels (Mean± SD) in Each Subgroup 

Platelet count Nonsplenectomlzed Postsplenectomized Splenectomized 

thalassemia (n=S4) thalassemia (n=43) non-thalassemia (n=lS) 

9 
(xlO cells/L) No. pg/ml No. pg/ml No. pg/ml 

Low < 150 6 0.89±J.l3 1 3.39 1 3.47 

Normal 150-400 17 2.71±2.68 4 4.95±3.99 7 3.36±1.39 

High 400-1,000 II 2.64±1.79 36 3.10±1.54 4 3.42±0.48 

Extremely high > 1,000 - 2 4.25±5.41 1 3.27 

Serum TNF-a Levels (Mean± SD) in Each Subgroup 

Platelets count Nonsplenectomized Postsplenectomized 

thalassemia (n=26) thalassemia (n=39) 

9 
(xiO cells/L) No 

Low < 150 6 

Normal 150-400 13 

High 400-1,000 7 

Extremely high > 1,000 0 

has demonstrated an elevation of these inflam­
matory cytokine levels in majorThal which may be 
attributed to activation of mononuclear phagocytes 
for the clearance of abnormal erythroid cells(9-ll). 

In this study, Thal/postsplenec had in­
creased in serum levels of IL-6 and TNF-a com­
pared to Thallnonsplenec and normal controL 
Serum IL-6 levels in Thallpostsplenec were 
higher than nonThal/postsplenec but it was not 
statistically significant. 

No direct correlation between IL-6 levels 
or TNF-a levels and platelet counts was observed 
but there was a trend toward increasing of cyto­
kine levels in patients with higher platelet counts 
regardless of splenectomy. It is probable that the 
increased platelet production in thalassemic 
patients is at least if not all, cytokine-driven and 
this study suggests that IL-6 and TNF-a may play 

pg/ml No. pg/ml 

6.61±6.69 I 12.9 

10.92±4.05 4 14.56±2.17 

10.06±5.41 33 16.56±4.79 

- I 6.4 

a role. Previous studies have shown that TNF-a 
inhibited the growth of multipotential precursor 
cells, committed progenitor cells, erythroid and 
granulocyte-macrophage component. However, its 
effect on megakaryocytopoiesis had an enhanced 
effect on megakaryocytopoiesis and platelet pro­
duction indirectly via IL-6 and other cytokines 
induced from accessory cells(l2)_ 

In conclusion, an increase of serum IL-6 
and serum TNF-a levels were noticed in Thall 
postsplenec. However, their precise role in the 
pathogenesis of thrombocytosis in these patients 
remains to be elucidated. 
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