
www.biosciencetrends.com

BioScience Trends. 2018; 12(4):438-441. 438

Serum cytokine profiles are altered in patients with progressive 
infantile hemangioma
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1. Introduction

Infantile hemangiomas ("strawberry marks") are a 
vascular tumor caused by endothelial cell proliferation, 
typically appear on head or face around the second week 
of life (1). The lesions grow till one year (proliferating 
phase), and slowly regress over several years (involuting 
phase) (2). Solitary and small lesions without cosmetic 
or functional problem can be managed according to 
'wait and see policy' without treatment because of the 

spontaneous regression. On the other hand, a part of 
hemangiomas grows rapidly to a significant size, which 
can be problematic and even destroy normal tissue (3). 
Such lesions cause complication (e.g. skin ulcer, a visual 
impairment, airway obstruction, and heart failure), or 
threaten life. Furthermore, larger lesions may result in 
the persistent scar formation, telangiectasia, fibrofatty 
tissue, or skin slackening (4). 
 As one of the clinical issues of this skin tumor, 
the most proliferation occurs around the first two 
months of life, and the majority of hemangioma growth 
is completed by five months of age (5). However, 
because the first visit to the general dermatologist 
may be around one month after birth, and it is very 
difficult to predict the tumor growth at that time and 
decide necessity of treatments. We often experience 
that a small lesion at the first visit become large and 
problematic at the next visit. Therefore the identification 
of the biomarker that can indicate a tendency to grow 
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is clinically very important. In the present study, we 
evaluated the possibility that serum cytokine levels are 
available as the marker of hemangioma growth using 
sera of patients with progressive lesions.

2. Materials and Methods

2.1. Clinical assessment and patient material

Serum samples were obtained from 3 progressive 
infantile hemangioma patients.  Control serum 
samples were obtained from 3 non-progressive 
infantile hemangioma patients (Table 1). Progressive 
hemangiomas are defined as lesions showing increased 
tumor size and/or coloration two weeks before and after 
the serum sampling. Institutional review board approval 
and written informed consent were obtained before 
patients were entered into this study according to the 
Declaration of Helsinki. The informed consent from 
the guardian of the children to use the photographs for 
publication was also obtained.

2.2. Measurement of serum cytokine levels

Serum levels of 20 cytokines (Angiogenin, EGF, ENA-
78, bFGF, GRO, IFN-γ, IGF-1, IL-6, IL-8, LEPTIN, 
MCP-1, PDGF-BB, PIGF, RANTES, TGF-β1, TIMP-
1, TIMP-2, Thrombopoietin, VEGF, VEGF-D) were 
measured with Human Angiogenesis Antibody Array-
Membrane (Abcam, Cambridge, UK). Monoclonal 
antibody for each cytokine was precoated onto 
microtiter wells. Aliquots of serum were added to 
each well, and then incubated with cocktail of biotin-
conjugated antibodies to each cytokine, after that 
incubated with labeled streptavidin.

2.3. Statistical analysis

Statistical analysis was carried out with Mann-
Whitney's U test for the comparison of medians. P 
values less than 0.05 were considered significant.

3. Results and Discussion

In  th is  s tudy,  three  infants  wi th  progress ive 
hemangioma and sex-/age-matched three non-
progressive hemangioma were included: Progressive 

hemangiomas showed increased tumor size and color 
during two weeks before and after the serum sampling 
(Figure 1). Progressive hemangiomas were found in 
one-month girl on her cheek (superficial type), three-
months girl on her eyelid (mixed type), and two-months 
girl on her forearm (superficial type). On the other 
hand, non-progressive hemangiomas were in one-month 
girl on her cheek (superficial type), three-months girl 
on her eyelid (deep type), and three-months girl on her 
eyelid (superficial type). The clinical characteristics of 
all patients were summarized in Table 1.
 Cytokine expression profiles in sera of infantile 
hemangioma infants were analyzed using commercially 
available membrane array kits (Figure 2). Many of the 
20 cytokines were detected in the patients' sera. Signal 
densities for each antigen-specific antibody spot were 
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Figure 1. Clinical pictures of infantile hemangioma patients 
in this study. (upper left) case 1 with progressive hemangioma 
at 1 month after birth; (upper right) case 1 with progressive 
hemangioma at 2 month after birth; (lower left) case 4 with 
non-progressive hemangioma at 1 month after birth; (lower 
right) case 4 with non-progressive hemangioma at 2 month 
after birth.

Table1. Clinical features of infantile hemangioma cases in this study

cases

1
2
3
4
5
6

age

1 month
3 month
2 month
1 month
3 month
3 month

sex

F
F
F
F
F
F

site

cheek
eyelid
forearm
cheek
eyelid
eyelid

type

superficial
mixed
superficial
superficial
deep
superficial

feature

progressive
progressive
progressive
non-progressive
non-progressive
non-progressive
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determine multiple serum cytokines at the same time 
using array experiment. Furthermore, we defined 
progressive hemangioma as lesions showing increased 
tumor size and coloration two weeks before and after 
the serum sampling, and compared the cytokine profiles 
between progressive hemangioma and non-progressive 
hemangioma at the similar age to really identify 
clinically useful tumor marker. 
 As a result, we demonstrated that IGF-1, IL-6, IL-8, 
PIGF, RANTES, and TGF-β1 levels were significantly 
decreased in patient with progressive lesions: 
especially, IGF-1, IL-6, IL-8, PIGF, TGF-β1 did not 
expressed in all 3 progressive hemangioma patients. 
So far, there has been no report describing involvement 
of IGF-1, IL-8, or RANTES in the pathogenesis of 
hemangioma. However, IGF-1 is reported to promote 
migration and tube formation of endothelial cells 
(12). IL-8 directly enhanced endothelial cell survival, 
proliferation, and regulated angiogenesis (13). 
RANTES is thought to have pro-angiogenic effect 
(14). Thus, these cytokines may positively affect tumor 
growth. On the other hand, IL-6 suppresses endothelial 
proliferation (15), whereas the expression of IL-6 
is increased in tissues of proliferative hemangioma 
in comparison with involuting hemangioma (16). In 
addition, the activation of VEGF receptor 1 by PIGF 
promotes signal transduction of VEGF receptor 2 by 
VEGF and cooperatively stimulates angiogenesis. The 

obtained using 2-D densitometry, and quantitated. 
When a 2-fold difference in the mean levels of each 
group was considered meaningful, 6 of the 20 cytokines 
(IGF-1, IL-6, IL-8, PIGF, RANTES, TGF-β1) were 
down-regulated in the progressive hemangioma group 
compared to the non- progressive hemangioma group, 
and there were statistically significant difference (p < 
0.05, Figure 3): notably, levels of five cytokines except 
for RANTAS were not detected in all of progressive 
hemangioma group.
 
Various cytokine may participate in the pathogenesis 
of the infantile hemangioma. As an example, the 
involvement of VEGF, angiopoietin (6), TGF-β (7), 
TNF-α, and IL-1 (8) have already been reported. 
Furthermore, clinical significance of serum cytokine 
levels has also been evaluated in this disease. Serum 
levels of VEGF were elevated in infantile hemangioma 
at the proliferative or involuting phase. Serum MCP-
1 and MIP-1β can be the marker of regression (9). 
bFGF levels were not available for the prediction 
of the clinical course (10). Furthermore, Jiang et al. 
reported that angiogenin levels are increased in the 
sera of proliferative hemangioma (11), and suggested 
as the biomarker. The authors defined proliferative 
hemangioma or involuting hemangioma as 1-6 month 
age or 13-36 month age after birth, respectively, and did 
not describe the tendency of tumor growth. However, 
the duration of proliferation phase varies by individual 
patient. 
 Accordingly, the serum levels of single cytokine 
may not be useful to predict tumor growth, but the 
profile of multiple cytokines can be more sensitive 
tumor marker. In the present study, we tried to 

Figure 2. Results of human angiogenesis antibody array. 
(upper panel) array maps used in this study; (lower panel) 
representative membrane in each group.

Figure 3. The cytokine expression levels measured by the 
array. The relative expression levels of six cytokines measured 
by the array using sera of progressive or non-progressive 
hemangioma patients are shown on the ordinate. Bars show 
means. *p < 0.05.
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mRNA levels of PlGF tended to be lower in infantile 
hemangioma when compared to other vascular lesions 
(17). TGF-β1 expresses in infantile parotid hemangioma 
(7), although the role are still unknown. The response of 
endothelial cells to TGF-β1 is dependent upon cell types 
or proliferative state (18). Accordingly, complicated 
cytokine network by these multiple cytokines may 
control the pathogenesis. Unexpectedly, cytokines that 
positively control endothelial proliferation (IGF-1, IL-
8, RANTES) is decreased in serum of the hemangioma 
of the proliferative phase. Although its mechanism 
cannot be explained by our result, for example, we 
speculated that negative feedback mechanism against 
their increased expression in tumor tissue may cause 
the down-regulation of serum levels. 
 Because this is a pilot study using small number of 
patient samples, larger study with increased number 
of cases will be necessary in future. Furthermore, 
immunotherapy against these cytokines may become 
novel therapeutic approach.

References

1. Mulliken JB. A biologic approach to cutaneous vascular 
anomalies. Pediatr Dermatol. 1992; 9:356-357.

2. Boye E, Yu Y, Paranya G, Mulliken JB, Olsen BR, 
Bischoff J. Clonality and altered behavior of endothelial 
cells from hemangiomas. J Clin Invest. 2001; 107:745-
752.

3. North PE, Waner M, Buckmiller L, James CA, Mihm 
MC Jr. Vascular tumors of infancy and childhood: 
beyond capillary hemangioma. Cardiovasc Pathol. 2006; 
15:303-317.

4. Jinnin M, Ishihara T, Boye E, Olsen BR. Recent progress 
in studies of infantile hemangioma. J Dermatol. 2010; 
37:283-298.

5. Hogeling M, Adams S, Wargon O. A randomized 
controlled trial of propranolol for infantile hemangiomas. 
Pediatrics. 2011; 128:e259-266.

6. Yu Y, Varughese J, Brown LF, Mulliken JB, Bischoff 
J. Increased Tie2 expression, enhanced response 
to angiopoietin-1, and dysregulated angiopoietin-2 
expression in hemangioma-derived endothelial cells. Am 
Am J Pathol. 2001; 159:2271-2280.

7. Meng X, Deng CS, Wang QX, Wang TX, Liu WX. 
Expression and significance of pericytes and TGF-β in 
infantile parotid hemangioma. Shanghai Kou Qiang Yi 
Xue. 2012; 21:687-690. (in Chinese)

8. Wu KQ, Muratore CS, So EY, Sun C, Dubielecka PM, 
Reginato AM, Liang OD. M1 Macrophage-Induced 
Endothelial-to-Mesenchymal Transition Promotes 
Infantile Hemangioma Regression. Am J Pathol. 2017; 
187:2102-2111.

9. D'Arcangelo D, Nicodemi EM, Rossi S, Giampietri 
C, Facchiano F, Facchiano A. Identification of serum 
regression signs in infantile hemangioma. PLoS One. 
2014; 9:e88545.

10. Przewratil P, Sitkiewicz A, Andrzejewska E. Serum 
levels of basic fibroblastic growth factor (bFGF) in 
children with vascular anomalies: Another insight into 
endothelial growth. Clin Biochem. 2010; 43:863-867.

11. Jiang C, Lin X, Hu X, Chen H, Jin Y, Ma G, Chen D, 
Chen X, Gu W. Angiogenin: A potential serum marker 
of infantile hemangioma revealed by cDNA microarray 
analysis. Plast Reconstr Surg. 2014; 134:231e-239e.

12. Bach LA. Endothelial cells and the IGF system. J Mol 
Endocrinol. 2015; 54:R1-13.

13. Li A, Dubey S, Varney ML, Dave BJ, Singh RK. IL-8 
directly enhanced endothelial cell survival, proliferation, 
and matrix metalloproteinases production and regulated 
angiogenesis. J Immunol. 2003; 170:3369-3376.

14. Suffee N, Le Visage C, Hlawaty H, Aid-Launais R, 
Vanneaux V, Larghero J, Haddad O, Oudar O, Charnaux 
N, Sutton A. Pro-angiogenic effect of RANTES-loaded 
polysaccharide-based microparticles for a mouse 
ischemia therapy. Sci Rep. 2017; 7:13294.

15. May LT, Torcia G, Cozzolino F, Ray A, Tatter SB, 
Santhanam U, Sehgal PB, Stern D. Interleukin-6 gene 
expression in human endothelial cells: RNA start sites, 
multiple IL-6 proteins and inhibition of proliferation. 
Biochem Biophys Res Commun. 1989; 159:991-998.

16. Greenberger S, Adini I, Boscolo E, Mulliken JB, Bischoff 
J. Targeting NF-κB in infantile hemangioma-derived stem 
cells reduces VEGF-A expression. Angiogenesis. 2010; 
13:327-335.

17. Partanen TA, Vuola P, Jauhiainen S, Lohi J, Salminen 
P, Pitkäranta A, Häkkinen SK, Honkonen K, Alitalo K, 
Ylä-Herttuala S. Neuropilin-2 and vascular endothelial 
growth factor receptor-3 are up-regulated in human 
vascular malformations. Angiogenesis. 2013; 16:137-
146.

18. Sutton AB, Canfield AE, Schor SL, Grant ME, Schor 
AM. 1991. The response of endothelial cells to TGF 
beta-1 is dependent upon cell shape, proliferative state 
and the nature of the substratum. J Cell Sci. 1991; 99 ( Pt 
4):777-787.

 (Received May 27, 2018; Revised August 13, 2018; 
Accepted August 17, 2018)


