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Angiogenesis is a crucial process in the growth and 
progression of cancer, correlating with the metastatic 
potential of tumour cells. Angiopoietins are ligands for 
the endothelium-specific tyrosine kinase Tie2 receptor, 
which comprise 4 structurally related proteins, termed 
angiopoietin (Ang)-1, Ang-2, Ang-3 and Ang-4. The ro-
les of Ang-1 and Ang-2 have recently been clarified as 
crucial in angiogenesis. In this report, we measured se-
rum Ang-1 and Ang-2 levels in patients with cutaneous 
T-cell lymphoma (CTCL). Serum levels of Ang-2, but 
not Ang-1, in patients with Sézary syndrome were sig-
nificantly higher than those in patch mycosis fungoides 
(MF), plaque/tumour MF, and healthy controls. In pa-
tients with CTCL, serum Ang-2 correlated with disease 
activity. Moreover, the numbers of Ang-2+ cells in lesio-
nal skin of CTCL were significantly larger than those in 
normal skin. These results suggest that Ang-2 may have 
important roles in the development of CTCL. Key words: 
angiopoietin-2; angiopoietin-1; cutaneous T-cell lympho-
ma; CCL26; CCL27; mycosis fungoides; Sézary syndrome.

Accepted Mar 4, 2013, Epub ahead of print Jul 1, 2013

Acta Derm Venereol 2014; 94: 9–13.

Makoto Sugaya, Department of Dermatology, Faculty of 
Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, 
Tokyo 113-8655, Japan. E-mail: sugayam-der@h.u-tokyo.
ac.jp

Mycosis fungoides (MF) and Sézary syndrome (SS) are 
the most common types of cutaneous T-cell lymphoma 
(CTCL) (1). MF is a T-cell malignancy that has a clas-
sically prolonged clinical course. Only limited cases pro-
gress over years through patch, plaque, and tumour stages, 
followed by lymph node and visceral involvement (2). SS 
is characterized by fever, erythroderma, lymph adenopathy, 
and leukaemic involvement, and usually has a rapid clinical 
course (3). Although the pathogenesis of CTCL is un-
known, a variety of cytokines/chemokines are reported to 
be involved in development of the disease (4, 5). 

Angiogenesis is a crucial process in the growth and 
progression of cancer, correlating with the metastatic 
potential of tumour cells (6, 7). Some clinical observa-
tions have indicated that tumour microvessel density, 
measured by CD34, CD31, or von Willebrand factor 

expression, is increased in some lymphoproliferative 
disorders. Higher tumour microvessel density and in-
creased serum levels of proangiogenic factors, such as 
vascular endothelial growth factor (VEGF) or basic 
fibroblasts growth factor (bFGF), have been reported 
in chronic lymphocytic leukaemia, multiple myeloma, 
non-Hodgkin B-cell lymphomas, and CTCL (8, 9). 

Angiopoietins are ligands for the endothelium-
specific tyrosine kinase Tie2 receptor, which comprise 
4 structurally related proteins, termed angiopoietin 
(Ang)-1, Ang-2, Ang-3, and Ang-4 (10, 11). The role of 
Ang-1 and Ang-2 has recently been clarified as a crucial 
molecule involved in angiogenesis alongside VEGF 
(10–12). Ang-1 and Ang-2 have been identified as li-
gands with opposing functions of the receptor tyrosine 
kinase. Ang-1 is constitutively expressed in pericytes 
and smooth muscle cells and acts in a paracrine ago-
nistic manner by increasing tyrosine phosphorylation 
of Tie2, whereas Ang-2 acts primarily as an autocrine 
functional antagonist of Ang-1/Tie-2 (4, 5, 13–15). Un-
der physiological conditions, Ang-1 has vasoprotective 
and anti-inflammatory actions, mediates vessel matura-
tion, and maintains vessel integrity by the recruitment 
of peri-endothelial cells. Thus, low-level constitutive 
Tie2 activation by Ang-1 may be required in the adult 
to maintain the mature quiescent and non-proliferating 
phenotype of the vascular endothelium (12–14, 16, 
17). By contrast, Ang-2 acts as a vessel-destabilizing 
cytokine, thereby playing an essential role in vascular 
remodelling. The function of Ang-2, however, is con-
textual. It facilitates angiogenesis in the presence of 
VEGF, but initiates vessel regression in the absence of 
proangiogenic activity (5, 13–15, 18).

The aim of this study was to evaluate serum levels 
of Ang-1 and Ang-2. Immunohistochemical staining for 
Ang-2 and CD31, a marker for endothelial cells, was 
also performed using lesional skin of patch MF, plaque 
MF, tumour MF, SS, and normal skin. Moreover, we 
evaluated correlation between serum levels of Ang-2 
and those of C-C motif chemokine ligand (CCL) 11/
eotaxin-1, CCL17/thymus and activation-regulated 
chemokine (TARC), CCL26/eotaxin-3, CCL27/cuta-
neous T-cell-attracting chemokine (CTACK), lactate 
dehydrogenase (LDH), immunoglobulin E (IgE), and 
soluble interleukin-2 receptor (sIL-2R).
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MATERIALS AnD METHODS

Patients
Forty-five patients with CTCL (mean ± standard deviation (SD) 
age: 58.8 ± 16.2 years; 21 patch MF, 5 plaque MF, 9 tumour MF, 
and 10 SS) and 17 healthy control subjects (43.9 ± 18.6 years) 
were enrolled in this study. The diagnosis of MF and SS was 
based on clinical criteria as well as on histological and immu-
nohistochemical assessment according to WHO classification 
(19). The 17 healthy controls had no history of allergy, CTCL, 
or any skin diseases. All samples were collected after informed 
consent during daily clinical practice. The medical ethics com-
mittee of the University of Tokyo approved all described studies, 
and the study was conducted according to the principles of the 
Declaration of Helsinki.

Enzyme-linked immunosorbent assay
Serum Ang-1, Ang-2, CCL11, CCL17, CCL26, CCL27 levels 
were quantified by Human Quantikine enzyme-linked immuno-
assay (ELISA) kits (R&D systems, Minneapolis, Mn, USA). 
These assays employ the quantitative sandwich enzyme immuno-
assay technique. Optical densities were measured at 450 nm using 
a Bio-Rad Model 550 microplate reader (Bio-Rad Laboratories, 
Hercules, CA, USA). The concentrations were calculated from 
the standard curve generated by a curve-fitting programme.

Immunohistochemistry
We performed immunohistochemical staining for Ang-2 and 
CD31 with lesional skin of patch MF (n = 5), plaque MF (n = 5), 
tumour MF (n = 5), SS (n = 5), and angiosarcoma (n = 5) as posi-
tive controls, and with normal skin (n = 5). Briefly, 5 µm-thick 
tissue sections from formaldehyde-fixed and paraffin-embedded 
samples were de-waxed and rehydrated. These sections were 
then stained with rabbit anti-human Ang-2 polyclonal antibody 
(Abcam plc, Cambridge, UK), and mouse anti-human CD31 
monoclonal antibody (Dako, Glostrup, Denmark), followed by 
ABC staining (Vector Lab., Burlingame, CA, USA). Diamino-
benzidine was used for visualizing the staining, and counter-
staining with Mayer haematoxylin was performed, according 
to the manufacturers’ instructions. The number of dermal in-
dividual Ang-2+ cells and CD31+ vessels per high-power field 
(HPF; × 200) were counted in skin lesions and healthy skin.

Statistical analysis
Statistical analysis was performed using the Mann–Whitney U 
test and Student’s t-test for comparison of 2 groups. For testing 

equality of population means among 3 or more groups, Kruskal-
Wallis test and Scheffe’s F test were used. Correlation coef-
ficients were determined using the Spearman’s rank correlation 
test. p-values < 0.05 were considered statistically significant.

RESULTS

Serum levels of Ang-1 and Ang-2 in patients with CTCL

Serum Ang-1 levels were not significantly different in 
patients with CTCL and in healthy controls (Fig.1a). 
There was also no significant difference in serum 
Ang-2 levels between the 2 groups. We subsequently 
examined serum Ang-1 and Ang-2 levels according to 
the types of skin lesions in CTCL (Fig. 1b). There were 
no significant differences in serum Ang-1 levels among 
patients with patch MF, plaque/tumour MF, and SS. 
Serum Ang-2 levels in SS patients were significantly 
higher than normal controls, patch MF, and plaque/tu-
mour MF (p < 0.01, p < 0.05, and p < 0.05, respectively).

Serum Ang-1 and Ang-2 levels before and after 
progression of CTCL

Serum Ang-1 and Ang-2 levels were measured in 3 
CTCL cases (2 cases of tumour MF, 1 case of SS) before 
and after disease progression (Fig. 2). Disease activity 
was judged by skin conditions and serum markers, such 
as LDH and sIL-2R. In all 3 cases, serum Ang-2 levels 
increased after disease progression, while serum Ang-1 
levels did not show any trend.

Correlation between serum levels of Ang-2 levels and 
clinical and laboratory data

We evaluated correlations between serum Ang-2 levels 
and eosinophil counts, serum levels of CCL11, CCL17, 
CCL26, CCL27, LDH, IgE, and sIL-2R, all of which 
were reported to be elevated in patients with CTCL (5, 
20–26). Among the above disease markers, serum CCL26 
and CCL27 levels correlated significantly with serum 
Ang-2 levels (Fig. 3). 

Fig. 1. Serum angiopoietin (Ang)-1 and Ang-2 levels. (a) Serum Ang-1 and Ang-2 levels in patients with cutaneous T-cell lymphoma (CTCL; n = 45) 
and healthy controls (n = 17). (b) Serum Ang-1 and Ang-2 levels in patients with various types of CTCL, including mycosis fungoides (MF) and Sézary 
syndrome (SS), and healthy controls. Each bar represents the mean ± SD of each group. *p < 0.05 and **p < 0.01.
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Ang-2 expression and numbers of vessels in 
lesional skin of patch, plaque, tumour mycosis 
fungoides, Sezary syndrome, and normal skin

Immunohistochemical staining for Ang-2 was 
performed using normal skin, lesional skin of 
patch MF, plaque MF, tumour MF, SS, and 
angiosarcoma as a positive control (Fig. 4; left 
panel). In normal skin, Ang-2 signal was detec-
ted on and around the lumen of dermal vessels 
(Fig 4; arrowheads). In lesional skin of patch 
MF, some tumour cells around dermal vessels 
were also positive for Ang-2 (Fig. 4; arrows). 
In lesional skin of tumour MF and SS, tumour 
cells with large cytoplasm expressed Ang-2. 
We then stained the specimens for CD31, a 
marker for endothelial cells, in order to know 
whether Ang-2 expression was associated with 
increased blood vessels (Fig. 4; right panel). 
In normal skin, CD31+ vessels were scarcely 
populated in the upper dermis. When counted 
in 5 cases in each group, the number of dermal 
CD31+ vessels was increased in lesional skin 
of CTCL, especially in tumours (Fig. 5), which 
was consistent with a previous paper (27). The 
number of Ang-2+ cells correlated significantly 
with that of CD31+ vessels (r = 0.71, p < 0.01). 
Thus, endothelial cells and tumour cells in 
CTCL lesional skin expressed Ang-2, which 
was associated with enhanced angiogenesis, 
as previously reported in other malignancies 
(28–32).

DISCUSSIOn

Angiogenesis is involved in the development 
and progression of pathogenic processes in a 
variety of disorders, including diabetic retino-
pathy, psoriasis, rheumatoid arthritis, cardio-
vascular diseases, and cancer. With regards to 

the roles of angiogenesis in lymphoma, increased capil-
lary proliferation in the lymph node biopsies of high-

Fig. 2. Serum levels of angiopoietin (Ang)-1 and Ang-2 in cutaneous T-cell 
lymphoma before and after disease progression (time-span 5, 9 and 17 months 
for mycosis fungoides (MF)1, MF2 and Sezary syndrome (SS), respectively).

Fig. 3. Correlations between serum angiopoetin-2 levels and serum C-C 
motif chemokine ligand (CCL)26  (n = 17) and CCL27 (n = 15) levels in 
patient with cutaneous T-cell lymphoma.

Fig. 4. Immunohistochemical staining for angiopoietin (Ang)-2 (original magnification 
× 400) and CD31 (original magnification × 100) using normal skin, lesional skin of patch 
mycosis fungoides (MF), plaque MF, tumour MF, and Sézary syndrome. Representative 
pictures from 5 cases in each group. Arrowheads indicate Ang-2+ endothelial and arrows 
indicate Ang-2+ tumour cells around vessels.
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grade non-Hodgkin’s lymphoma (nHL) was reported 
(33). Tumour microvessel density has been shown to 
correlate with biological behaviour in nodal B-cell nHL 
(34, 35). On the other hand, tumour microvessel density 
was reported to be higher in the involved lymph nodes 
in patients with small lymphocytic lymphoma, but the 
number of blood vessels did not correlate with the grade 
of the tumour (36). Concerning angiogenesis in CTCL, 
increased angiogenesis and expression of matrix metal-
loproteinases 2 and 9 were reported to correlate with the 
progression of MF (27). Although precise mechanisms 
of angiogenesis in CTCL remain unclear, it is known 
that T cells, mast cells, and macrophages are capable of 
producing angiogenic factors (6). Therefore, increased 
capillary formation may be induced by lymphoma cells 
themselves and/or by tumour-associated host cells (9).

In this study, Ang-2, but not Ang-1, was elevated in 
patients with SS (Fig. 1). Similar findings were reported 
in cases with type 2 diabetes mellitus, where a selective 
increase in plasma levels of Ang-2 and soluble Tie-2, 
but not Ang-1, was accompanied by neovascularization 
and endothelial abnormalities (37, 38). Ang-2 levels 
were higher in acute congestive heart failure compared 
with chronic congestive heart failure, but there were 
no significant differences in Ang-1 levels between the 
groups (39). Similarly, serum Ang-2 levels were ele-
vated in patients with multiple myeloma, while serum 
Ang-1 levels were not (40). Ang-2 mRnA was strongly 
expressed in lesional skin of angiosarcoma or Kaposi’s 
sarcoma, while expression of Ang-1 mRnA was low 
(41). Taken together, Ang-2 plays more important roles 
than Ang-1 in some diseases with enhanced angioge-
nesis. Although Ang-2 was expressed in lesional skin 
of MF (Fig. 4, 5), serum levels of Ang-2 were elevated 
only in patients with SS. Thus Ang-2 may function only 
within lesional skin in MF. Circulating tumour cells in 
patients with SS may be the source of Ang-2 in sera. 
Serum Ang-2 levels increased after disease progression 
even in patients with MF (Fig. 2), which suggests that 
Ang-2 may be useful as a marker of disease activity 
for each patient, rather than a disease-specific marker.

In conclusion, because Ang-2 expression was enhan-
ced in the sera and skin lesions of CTCL, angiogenesis 
may play a role in the growth of CTCL, raising the 
possibility of using angiogenesis inhibitors in CTCL 
therapy.

ACKnOWLEDGEMEnTS
The authors would like to thank Tamami Kaga for technical as-
sistance. This study was supported by grants from the Ministry 
of Education, Culture, Sports and Technology in Japan.

The authors declare no conflicts of interest.

REFEREnCES

1. Willemze R, Jaffe ES, Burg G, Cerroni L, Berti E, Swerdlow 
SH, et al. WHO-EORTC classification for cutaneous lymp-
homas. Blood 2005; 105: 3768–3785.

2. Hwang ST, Janik JE, Jaffe ES, Wilson WH. Mycosis fungoi-
des and Sezary syndrome. Lancet 2008; 371: 945–957.

3. Vonderheid EC, Bernengo MG, Burg G, Duvic M, Heald P, 
Laroche L, et al. Update on erythrodermic cutaneous T-cell 
lymphoma: report of the International Society for Cutaneous 
Lymphomas. J Am Acad Dermatol 2002; 46: 95–106.

4. Wu XS, Lonsdorf AS, Hwang ST. Cutaneous T-cell lym-
phoma: roles for chemokines and chemokine receptors. J 
Invest Dermatol 2009; 129: 1115–1119.

5. Sugaya M. Chemokines and cutaneous lymphoma. J Der-
matol Sci 2010; 59: 81–85.

6. Folkman J, Klagsbrun M. Angiogenic factors. Science 1987; 
235: 442–447.

7. Folkman J. Angiogenesis in cancer, vascular, rheumatoid 
and other disease. nat Med 1995; 1: 27–31.

8. Mangi MH, newland AC. Angiogenesis and angiogenic 
mediators in haematological malignancies. Br J Haematol 
2000; 111: 43–51.

9. Mazur G, Wozniak Z, Wrobel T, Maj J, Kuliczkowski K. 
Increased angiogenesis in cutaneous T-cell lymphomas. 
Pathol Oncol Res 2004; 10: 34–36.

10. Asahara T, Chen D, Takahashi T, Fujikawa K, Kearney M, 
Magner M, et al. Tie2 receptor ligands, angiopoietin-1 and 
angiopoietin-2, modulate VEGF-induced postnatal neovas-
cularization. Circ Res 1998; 83: 233–240.

11. yancopoulos GD, Davis S, Gale nW, Rudge JS, Wiegand 
SJ, Holash J. Vascular-specific growth factors and blood 
vessel formation. nature 2000; 407: 242–248.

Fig. 5. numbers of dermal angiopoietin-2+ 
(Ang-2) cells and CD31+ vessels per high-
power field (HPF × 200) were counted 
in normal skin, lesional skin of mycosis 
fungoides (MF), and Sézary syndrome (SS). 
Each bar represents mean ± SD. *p < 0.05 
and **p < 0.01.

Acta Derm Venereol 94



13Elevated serum Ang-2 levels in erythrodermic CTCL

12. Thurston G. Complementary actions of VEGF and angio-
poietin-1 on blood vessel growth and leakage. J Anat 2002; 
200: 575–580.

13. Loughna S, Sato Tn. Angiopoietin and Tie signaling 
pathways in vascular development. Matrix Biol 2001; 20: 
319–325.

14. Thurston G. Role of angiopoietins and Tie receptor tyrosine 
kinases in angiogenesis and lymphangiogenesis. Cell Tissue 
Res 2003; 314: 61–68.

15. Maisonpierre PC, Suri C, Jones PF, Bartunkova S, Wiegand 
SJ, Radziejewski C, et al. Angiopoietin-2, a natural anta-
gonist for Tie2 that disrupts in vivo angiogenesis. Science 
1997; 277: 55–60.

16. Gamble JR, Drew J, Trezise L, Underwood A, Parsons M, 
Kasminkas L, et al. Angiopoietin-1 is an antipermeability 
and anti-inflammatory agent in vitro and targets cell junc-
tions. Circ Res 2000; 87: 603–607.

17. Papapetropoulos A, Garcia-Cardena G, Dengler TJ, Mai-
sonpierre PC, yancopoulos GD, Sessa WC. Direct actions 
of angiopoietin-1 on human endothelium: evidence for net-
work stabilization, cell survival, and interaction with other 
angiogenic growth factors. Lab Invest 1999; 79: 213–223.

18. Lobov IB, Brooks PC, Lang RA. Angiopoietin-2 displays 
VEGF-dependent modulation of capillary structure and 
endothelial cell survival in vivo. Proc natl Acad Sci USA 
2002; 99: 11205–11210.

19. Swerdlow SH, Campo E, Harris nL, Jaffe ES, Pileri SA, 
Stein H, et al. WHO classification of tumours of haema-
topoietic and lymphoid tissues. Lyon: IARC Press, 2008.

20. Miyagaki T, Sugaya M, Kagami S, nakashima H, Ishiura 
n, Watanabe R, et al. Increased CCL1 levels in the sera and 
blister fluid of patients with bullous pemphigoid. J Dermatol 
Sci netherlands, 2009: p. 45–47.

21. Miyagaki T, Sugaya M, Fujita H, Ohmatsu H, Kakinuma T, 
Kadono T, et al. Eotaxins and CCR3 interaction regulates 
the Th2 environment of cutaneous T-cell lymphoma. J Invest 
Dermatol 2010; 130: 2304–2311.

22. Marti RM, Estrach T, Reverter JC, Mascaro JM. Prognostic 
clinicopathologic factors in cutaneous T-cell lymphoma. 
Arch Dermatol 1991; 127: 1511–1516.

23. Wasik MA, Vonderheid EC, Bigler RD, Marti R, Lessin SR, 
Polansky M, et al. Increased serum concentration of the so-
luble interleukin-2 receptor in cutaneous T-cell lym phoma. 
Clinical and prognostic implications. Arch Dermatol 1996; 
132: 42–47.

24. Kural yB, Su O, Onsun n, Uras AR. Atopy, IgE and 
eosinophilic cationic protein concentration, specific IgE 
positivity, eosinophil count in cutaneous T-cell lymphoma. 
Int J Dermatol 2010; 49: 390–395.

25. Kagami S, Sugaya M, Minatani y, Ohmatsu H, Kakinuma 
T, Fujita H, et al. Elevated serum CTACK/CCL27 levels in 
CTCL. J Invest Dermatol United States, 2006; 126: 1189–1191.

26. Kakinuma T, Sugaya M, nakamura K, Kaneko F, Wakugawa 
M, Matsushima K, et al. Thymus and activation-regulated 
chemokine (TARC/CCL17) in mycosis fungoides: serum 
TARC levels reflect the disease activity of mycosis fungoi-
des. J Am Acad Dermatol 2003; 48: 23–30.

27. Vacca A, Moretti S, Ribatti D, Pellegrino A, Pimpinelli 
n, Bianchi B, et al. Progression of mycosis fungoides is 

associated with changes in angiogenesis and expression of 
the matrix metalloproteinases 2 and 9. Eur J Cancer 1997; 
33: 1685–1692.

28. Ahmad SA, Liu W, Jung yD, Fan F, Wilson M, Reinmuth 
n, et al. The effects of angiopoietin-1 and -2 on tumor 
growth and angiogenesis in human colon cancer. Cancer 
Res 2001; 61: 1255–1259.

29. Stratmann A, Risau W, Plate KH. Cell type-specific ex-
pression of angiopoietin-1 and angiopoietin-2 suggests a 
role in glioblastoma angiogenesis. Am J Pathol 1998; 153: 
1459–1466.

30. Tanaka S, Mori M, Sakamoto y, Makuuchi M, Sugimachi 
K, Wands JR. Biologic significance of angiopoietin-2 ex-
pression in human hepatocellular carcinoma. J Clin Invest 
1999; 103: 341–345.

31. Zagzag D, Hooper A, Friedlander DR, Chan W, Holash J, 
Wiegand SJ, et al. In situ expression of angiopoietins in 
astrocytomas identifies angiopoietin-2 as an early marker 
of tumor angiogenesis. Exp neurol 1999; 159: 391–400.

32. Holash J, Maisonpierre PC, Compton D, Boland P, Alexan-
der CR, Zagzag D, et al. Vessel cooption, regression, and 
growth in tumors mediated by angiopoietins and VEGF. 
Science 1999; 284: 1994–1998.

33. Mazur G, Wrobel T, Dziegiel P, Jelen M, Kuliczkowski K, 
Zabel M. Angiogenesis measured by expression of CD34 
antigen in lymph nodes of patients with non-Hodgkin’s 
lymphoma. Folia Histochem Cytobiol 2004; 42: 241–243.

34. Ribatti D, Vacca A, nico B, Fanelli M, Roncali L, Dam-
macco F. Angiogenesis spectrum in the stroma of B-cell 
non-Hodgkin’s lymphomas. An immunohistochemical 
and ultrastructural study. Eur J Haematol 1996; 56: 45–53.

35. Vacca A, Ribatti D, Roncali L, Dammacco F. Angiogenesis 
in B cell lymphoproliferative diseases. Biological and clini-
cal studies. Leuk Lymphoma 1995; 20: 27–38.

36. Ridell B, norrby K. Intratumoral microvascular density 
in malignant lymphomas of B-cell origin. APMIS 2001; 
109: 66–72.

37. Lim HS, Blann AD, Chong Ay, Freestone B, Lip Gy. Plasma 
vascular endothelial growth factor, angiopoietin-1, and 
angiopoietin-2 in diabetes: implications for cardiovascular 
risk and effects of multifactorial intervention. Diabetes Care 
2004; 27: 2918–2924.

38. Lieb W, Zachariah JP, Xanthakis V, Safa R, Chen MH, Sul-
livan LM, et al. Clinical and genetic correlates of circulating 
angiopoietin-2 and soluble Tie-2 in the community. Circ 
Cardiovasc Genet 2010; 3: 300–306.

39. Chong Ay, Caine GJ, Freestone B, Blann AD, Lip Gy. 
Plasma angiopoietin-1, angiopoietin-2, and angiopoietin 
receptor tie-2 levels in congestive heart failure. J Am Coll 
Cardiol 2004; 43: 423–428.

40. Anargyrou K, Terpos E, Vassilakopoulos TP, Pouli A, 
Sachanas S, Tzenou T, et al. normalization of the serum 
angiopoietin-1 to angiopoietin-2 ratio reflects response in 
refractory/resistant multiple myeloma patients treated with 
bortezomib. Haematologica 2008; 93: 451–454.

41. Brown LF, Dezube BJ, Tognazzi K, Dvorak HF, yancopou-
los GD. Expression of Tie1, Tie2, and angiopoietins 1, 2, 
and 4 in Kaposi’s sarcoma and cutaneous angiosarcoma. 
Am J Pathol 2000; 156: 2179–2183.

Acta Derm Venereol 94


