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Abstract The role of angiogenesis in the pathogenesis of

tuberculosis (TB) is not clear. The aim of this study was to

examine the effect of sera from TB patients on angiogen-

esis induced by different subsets of normal human mono-

nuclear cells (MNC) in relation to IL-12p40 and TNFa
serum levels. Serum samples from 36 pulmonary TB

patients and from 22 healthy volunteers were evaluated. To

assess angiogenic reaction the leukocytes-induced angio-

genesis test according to Sidky and Auerbach was per-

formed. IL-12p40 and TNFa serum levels were evaluated

by ELISA. Sera from TB patients significantly stimulated

angiogenic activity of MNC compared to sera from healthy

donors and PBS (p \ 0.001). The number of microvessels

formed after injection of lymphocytes preincubated with

sera from TB patients was significantly lower compared to

the number of microvessels created after injection of MNC

preincubated with the same sera (p \ 0.016). However, the

number of microvessels created after the injection of

lymphocytes preincubated with sera from healthy donors or

with PBS alone was significantly higher (p \ 0.017). The

mean levels of IL-12p40 and TNFa were significantly

elevated in sera from TB patients compared to healthy

donors. We observed a correlation between angiogenic

activity of sera from TB patients and IL-12p40 and TNFa
serum levels (p \ 0.01). Sera from TB patients constitute a

source of mediators that participate in angiogenesis and

prime monocytes for production of proangiogenic factors.

The main proangiogenic effect of TB patients’ sera is

mediated by macrophages/monocytes. TNFa and IL-12p40

may indirectly stimulate angiogenesis in TB.
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Introduction

Angiogenesis from preexisting vasculature occurs in many

pathological conditions such as tumors [1], cardiovascular

diseases [2], chronic inflammation [2, 3], rheumatoid

arthritis [4], diabetic retinopathy [5], endometriosis [6],

and obesity [7]. In pulmonary nonmalignant diseases

angiogenesis has been implicated in the pathogenesis of

idiopathic interstitial pneumonia [8], lung fibrosis induced

by bleomycin [9], and sarcoidosis [10]. Vascular endo-

thelial growth factor (VEGF) is a fundamental regulator

of normal and pathological angiogenesis [11]. Ischemia

induces both VEGF production and angiogenesis [12].

Although there have been reports concerning angiogenesis

in infectious diseases, its role in the pathogenesis of TB

has not been determined [13, 14]. Serum VEGF might be

a useful marker as a prognostic indicator in sarcoidosis

[15] and other granulomatous diseases, including TB.

Increased VEGF levels in serum [16–18], pleural fluid

[19, 20] and cerebrospinal fluid [21] have been found in
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patients with active TB. VEGF therefore may be associ-

ated with the pathogenesis of pulmonary TB in the

development of the chronic inflammatory reaction [18].

M. tuberculosis antigens are considered an important

factor participating in the pathogenesis of Eales’ dis-

ease—an idiopathic retinal periphlebitis characterized by

capillary nonperfusion and angiogenesis [22]. In one

study, an intense angiogenesis was shown ultrastructurally

in active pulmonary tuberculosis lesions [23], but the

meaning of this phenomenon is not completely understood

yet. An important role in the pathogenesis of TB and also

in the modulation of angiogenesis is played by some

cytokines, especially IL-12 and TNFa [24–26]. The aim

of this study was to examine the effect of sera from TB

patients on angiogenesis induced by different subsets

of normal human mononuclear cells (MNC) in relation to

IL-12p40 and TNFa serum levels.

Materials and Methods

Study Population

The study was approved by the local ethics committee.

Serum samples were obtained from 36 patients with active

pulmonary TB and from 22 healthy volunteers. The TB

group consisted of 26 male and 10 female patients aged

49.8 ± 14.9 years (range = 23-75 years). All were HIV-

negative and 23 were smokers. The diagnosis of pulmonary

TB was confirmed by a conventional sputum culture. No

systemic or extrapulmonary TB was observed. Blood

samples were taken from patients before antituberculosis

treatment was started. As a control, sera from 22 healthy

nonsmoking volunteers were used (12 women and 10 men,

mean age = 38.7 ± 11.4, range = 20-58 years). None of

the control volunteers had any past medical history of

tuberculosis, other pulmonary diseases, or cancer.

Preparation of Peripheral Blood Mononuclear Cells

Blood from healthy donors attending the Warsaw Central

Blood Bank was collected in a heparinized syringe, then

diluted 1:1 in phosphate-buffered saline (PBS) and layered

over Lymphoprep separation medium (Sigma). After

spinning the tubes for 20 min at 500 g, the mononuclear

fraction was aspirated from the interface. MNC viability

estimated by trypan blue stain was C 98%. This method

yielded MNC preparation containing 10-15% monocytes

and 85-90% lymphocytes based on morphologic criteria

and myeloperoxidase staining. MNC were depleted of

monocytes by glass adherence and phagocytosis of iron

particles using 15 mg for 10 9 106 cells.

Leukocyte-induced Angiogenesis Assay (LIA)

To assess the effect of sera from TB patients on angio-

genesis induced by different fractions of MNC, a leuko-

cyte-induced angiogenesis test described by Sidky and

Auerbach in an animal model [27] with modification [10,

28] was used. The local ethical commission for experi-

menting on animals approved all procedures involved in

this study. Female inbred 8-week-old BALB/c mice served

as recipients of MNC or lymphocytes preincubated in PBS

supplemented with 25% of serum from TB patients or from

healthy volunteers for 1 h at 37�C. As a control, other mice

were given MNC or lymphocytes that were preincubated

only in PBS. Mice were anesthetized with 3.6% chloral

hydrate (POCH, Poland) and injected intradermally with

5 9 105 cells in Parker liquid (6 injections per mice and 3

mice for each tested patient). The mice were killed after

3 days. The newly formed blood vessels were identified

and counted on the inner surface of the skin of each mouse

using a microscope (Nikon, Japan) at 6 9 magnification. In

all cases identification was performed by one expert (UD)

based on the previously described criteria [27].

Cytokines

IL-12p40 and TNFa in sera were evaluated by enzyme-

linked immunosorbent assay (ELISA) using commercially

available kits (BIOSOURCE Europe S.A.) according to the

manufacturer’s instructions. Recombinant TNFa (NIBSC,

Hertfordshire, UK, EN6 3 QG) was used as a standard.

Concentrations of IL-12p40 in sera were determined by

sandwich ELISA using specific IL-12p40 MoAb. Optical

density was measured at 450 nm using spectrophotometric

reader Elx800 (Biotek Instruments, Inc., USA).

Statistical Analysis

The value of the angiogenesis test was expressed as an

angiogenesis index (AI):

AI ¼ Aex=Acontr

where Aex is the mean number of micro blood vessels

created after the injection of MNC or lymphocytes prein-

cubated in PBS with the serum of a patient or healthy

donor, and Acontr is the mean number of micro blood ves-

sels created after the injection of MNC or lymphocytes

preincubated with PBS alone

All results are presented as mean ± SD. Statistical

evaluation of the results was performed using Pearson’s

test, Student’s t-test, and Mann-Whitney test (Statistica 6

for Windows, Statsoft, Tulsa, OK, USA). A p value \ 0.05

was used to indicate statistical significance.
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Results

Angiogenic activity of MNC was measured by the mean

number of newly formed vessels after injection of MNC

preincubated with sera and PBS or with PBS alone. Sera

from TB patients significantly indirectly stimulated angio-

genesis to a greater extent than sera from healthy donors or

PBS alone (p \ 0.001) (Fig. 1). Proangiogenic activity of

sera from TB patients (mean number of microves-

sels = 16.9 ± 0.9) was significantly higher than that of sera

from healthy donors (13.99 ± 0.73 vessels; p \ 0.001).

However, sera from healthy donors also significantly

(p \ 0.001) stimulated angiogenic activity of normal MNC

compared to MNC preincubated only with PBS (12.7 ±

1.16 vessels).

Following the injection of lymphocytes preincubated

with sera from 20 TB patients, the mean number of

microvessels significantly decreased (16 ± 1.33; p \ 0.05)

compared to the number of microvessels after the injection

of a full suspension of MNC preincubated with the same

sera (17 ± 0.79) (Fig. 2a). However, the mean number of

microvessels after injection of lymphocytes preincubated

with sera from healthy donors significantly increased (from

13.99 ± 0.73 to 14.8 ± 1.0; p \ 0.01) compared to the

number of microvessels after the injection of a full sus-

pension of MNC preincubated with the same sera (Fig. 2b).

A similar effect was observed in the control group when

MNC or lymphocytes were preincubated with PBS alone

(increase from 12.7 ± 1.16 to 13.8 ± 1.63; p \ 0.05)

(Fig. 2c). The results were expressed as an angiogenic

index and the following relationships were observed: After

injection of MNC preincubated with sera from TB patients,

AI was 1.29 ± 0.03 but it significantly decreased

(1.12 ± 0.09; p \ 0.001) following preincubation of lym-

phocytes with sera from TB patients. However, following

the injection of lymphocytes preincubated with sera from

healthy volunteers, AI remained the same as after the

injection of MNC preincubated with sera from healthy

volunteers (1.06 ± 0.04 vs. 1.07 ± 0.06).

The IL-12p40 serum level was significantly elevated in

TB patients (355 ± 279 pg/ml; p \ 0.01) compared to that

of healthy controls (64 ± 70 pg/ml) (Fig. 3a). A signifi-

cant correlation was found between the IL-12p40 serum

level and angiogenic properties of sera of the examined

patients and healthy donors (r = 0.57, p \ 0.01) (Fig. 4a).

TNFa serum level from TB patients (31 ± 8 pg/ml;

p \ 0.002) was significantly elevated compared to that of

healthy controls (21 ± 3.4 pg/ml) (Fig. 3b). A significant
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correlation (r = 0.62, p \ 0.01) between TNFa serum

level and angiogenic activity of sera was found (Fig. 4b).

Discussion

These results confirm suggestions [16, 17] of the involve-

ment of angiogenesis in TB. The positive correlation

between angiogenic activity measured by the number of

newly created vessels after the injection of MNC prein-

cubated with sera of TB patients and IL-12p40 and TNFa
serum concentration levels seems to suggest that these

cytokines play an important role in the pathogenesis of the

neovascularization [29, 30]. Our previous studies carried

out on the same model did not confirm any correlation

between angiogenic activity of sarcoidosis patients’ sera

and IL-6 and IL-8 serum levels [10]. However, TNFa, an

important proinflammatory factor, may stimulate angio-

genesis in interstitial lung diseases, and a weak correlation

was observed between the serum level of IL-12 and the
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number of new vessels created after intradermal injection

of MNC preincubated with sera from interstitial lung dis-

eases patients [31, 32]. Our results support the hypothesis

about the possible link between angiogenic activity of TB

patients’ sera and IL-12 and TNFa. These cytokines, which

play an important role in the pathogenesis of TB, also

modulate angiogenesis [25, 26, 29, 30]. Significant corre-

lations between the concentration of these cytokines and

radiological findings in TB patients were found [24]. Some

reports point to neovascularization in the pathogenesis

of tuberculosis. Thus, Abe et al. [16] suggest that the

increased blood vessel formation and oxygen supply

caused by the overexpression of VEGF inhibits cavity

formation in TB. However, studies of Alatas et al. [17] did

not confirm these findings. These authors observed a sig-

nificant increase of VEGF serum level in active TB, and a

decrease with effective antituberculosis treatment [17].

Matsuyama et al. [18] reported higher VEGF levels in the

sera of patients with active pulmonary TB. Mycobacterium

tuberculosis-infected monocytes develop a matrix-degrad-

ing phenotype [33]. Matrix degradation is the essential first

step in the process of creating new vessels from the

preexisting vasculature. In TB meningitis, monocytes

secrete matrix metalloproteinase-9, which facilitates leu-

kocyte migration across the blood-brain barrier [34]. TNFa
plays an important role in this process as well [33]. Lipo-

arabinomannan, one of the main M tuberculosis antigens,

stimulates macrophages to release metalloproteinase-9,

which, by breaking down proteins, not only causes forma-

tion of cavities but also induces angiogenesis [35]. A cor-

relation between VEGF and TNFa was also observed in the

pathogenesis of exudate in tuberculous pleuritis [20]. TNFa
is produced by various cells in the inflammatory site and

induces angiogenic cytokines, including IL-8, VEGF, and

basic fibroblast growth factor (bFGF), all of which

are involved in neovascularization [36]. Saita et al. [37]

demonstrated that intracorneal challenge with trehalose

6,60-dimycolate derived from M tuberculosis induces an

inflammatory response, including granuloma formation and

neovascularization. The angiogenic reaction was inhibited

by neutralizing antibodies targeting VEGF and IL-8, par-

tially by anti-TNFa antibodies, but not by anti-IL-1b [37].

Macrophages stimulated with cord factor produce proin-

flammatory type-1 helper-T-cell-inducing cytokines,

including TNFa, IL-1, chemotactic factors, and IL-12 [38].

In time it leads to the increase of VEGF concentration [38].

Establishing the key role of the monocytes in inducing

angiogenic activity when affected by sera of TB patients is

an important result of this study. The angiogenic effect of

TB patients’ sera was different than that of sera from

healthy donors. Healthy human sera stimulated stronger

lymphocytes than monocytes. In the case of TB patients,

depletion of monocytes from MNC decreased the proan-

giogenic effect of the sera; therefore, the proangiogenic

factors present in the patients’ sera stimulated mainly

monocytes and had no such strong effect on lymphocytes.

From this observation we may conclude that the main

proangiogenic effect of TB patients’ sera is mediated by

macrophages/monocytes. Matsuyama et al. [18] showed by

immunohistochemistry that the expression of VEGF

occurred in the alveolar macrophages around active TB

lesions. It has been demonstrated that VEGF plays a role in

the pathogenesis of pulmonary M avium complex infection

[39]. Therefore, it can be assumed that activated macro-

phages are the main cells that secrete VEGF in TB lesions

when affected by factors such as IL-12 and TNFa. Pul-

monary TB and sarcoidosis are granulomatous diseases and

their pathogenesis has been linked to monocytes and

alveolar macrophages [40, 41]. Meyer et al. [42] pointed

out the key role of monocytes from sarcoidosis patients in

stimulating neovascularization. In an earlier study we also

demonstrated that sera from sarcoidosis patients prime

monocytes for production of proangiogenic factors [10].

Sakaguchi et al. [43] indicated that trehalose 6,60-dimy-

colate augments VEGF production by neutrophils and
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macrophages and induces neovascularization in granu-

lomatous tissue. Chronic inflammation in TB is charac-

terized by a localized accumulation of mononuclear cells,

i.e., the formation of a granuloma that is surrounded by

neovascularization [41]. Angiogenesis is required for the

progression of chronic inflammation [3].

IL-12 is a multifunctional cytokine produced by mac-

rophages and dendritic cells. As a factor promoting the

commitment of naı̈ve lymphocytes to a Th1-type profile of

cytokine expression, IL-12 may be pivotal in the cascade

of proinflammatory events in the lungs [44]. The number

of cells expressing Th1-type cytokines such as INFc and

IL-12 is increased within the lungs of patients with gran-

ulomatous disease such as TB and sarcoidosis [29]. IL-12

not only stimulates the growth of T and NK cells but also

inhibits angiogenesis in solid tumors [45]. IL-12 is a

heterodimeric cytokine composed of p40 and p34 chains.

The subunit of IL-12p40 is in a free form, which blocks

specific receptors to stimulate angiogenesis; this deter-

mined the selection of this cytokine for this study. Hete-

rodimeric IL-12 and free p40 were present in tuberculous

pleural effusions but not in malignant pleural effusions,

suggesting that IL-12 is produced in the local immune

response to infection [46]. Cooper et al. [47] have dem-

onstrated that IL-12p40 knockout mice are defective in

their ability to induce INFc production and to generate a

protective Th1-type of immunologic response in TB. IL-12

proved to be an effective and successful adjuvant to a

standard treatment in patients suffering from progressive

clinical TB [48].

It is difficult to determine whether neovascularization

plays a beneficial or a harmful role in the course of TB. It

can only be assumed that the growth of a localized

inflammatory mass requires neovascularization. Insuffi-

cient angiogenesis resulting in hypoxia creates favorable

conditions for tissue necrosis and cavity formation.

Therefore, further research on neovascularization and its

role in the pathogenesis of TB is necessary.

Conclusions

Sera from TB patients constitute a source of mediators

participating in angiogenesis. Sera from TB patients prime

monocytes for production of proangiogenic factors. TNFa
and IL-12p40 as important proinflammatory factors may

stimulate angiogenesis in TB.
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Unger C, Marmé D, Gastl G (1999) Vascular endothelial growth

factor in the sera and effusions of patients with malignant and

nonmalignant disease. Cancer 85:178–187

14. Mittermayer F, Pleiner J, Schaller G, Weltermann A, Kapiotis S,

Jilma B, Wolzt M (2003) Marked increase in vascular endothelial

growth factor concentrations during Escherichia coli endotoxin-

induced acute inflammation in humans. Eur J Clin Invest 33:

758–761

15. Sekiya M, Ohwada A, Miura K, Takahashi S, Fukuchi Y (2003)

Serum vascular endothelial growth factor as a possible prognostic

indicator in sarcoidosis. Lung 181:259–265

16. Abe Y, Nakamura M, Oshika Y, Hatanaka H, Tokunaga T,

Ohkubo Y, Hashizume T, Suzuki K, Fujino T (2001) Serum

levels of vascular endothelial growth factor and cavity formation

in active pulmonary tuberculosis. Respiration 68:496–500

17. Alatas F, Alatas O, Metintas M, Ozarslan A, Erginel S, Yildirim

H (2004) Vascular endothelial growth factor levels in active

pulmonary tuberculosis. Chest 125:2156–2159

18. Matsuyama W, Hashiguchi T, Matsumuro K, Iwami F, Hirotsu Y,

Kawabata M, Arimura K, Osame M (2000) Increased serum

levels of vascular endothelial growth factor in pulmonary tuber-

culosis. Am J Respir Crit Care Med 162:1120–1122

356 Lung (2011) 189:351–357

123



19. Kiropoulos TS, Kostikas K, Gourgoulianis KI (2005) Vascular

endothelial growth factor levels in pleural fluid and serum of

patients with tuberculous pleural effusions. Chest 128:468–469

20. Hamed EA, El-Noweihi AM, Mohamed AZ, Mahmoud A (2004)

Vasoactive mediators (VEGF and TNF-alpha) in patients with

malignant and tuberculous pleural effusions. Respirology 9:

81–86

21. Matsuyama W, Hashiguchi T, Umehara F, Matsuura E, Kawabata

M, Arimura K, Maruyama I, Osame M (2001) Expression of

vascular endothelial growth factor in tuberculous meningitis.

J Neurol Sci 186:75–79

22. Ramakrishnan S, Rajesh M, Sulochana KN (2007) Eales’ disease:

oxidant stress and weak antioxidant defence. Indian J Ophthalmol

55:95–102

23. Ridley MJ, Heather CJ, Brown I, Willoughby DA (1983)

Experimental epithelioid cell granulomas, tubercle formation and

immunological competence: an ultrastructural analysis. J Pathol

141:97–112

24. Casarini M, Ameglio F, Alemanno L, Zangrilli P, Mattia P, Paone

G, Bisetti A, Giosuè S (1999) Cytokine levels correlate with a

radiologic score in active pulmonary tuberculosis. Am J Respir

Crit Care Med 159:143–148

25. Brion ChA, Gazzinelli RT (1995) Effect of IL-12 on immune

responses to microbial infections: a key mediator in regulating

diseases outcome. Curr Opin Immunol 7:485–496

26. Bergron A, Bonay M, Kambouchner M, Lecossier D, Riquet M,

Soler P, Hance A, Tazi A (1997) Cytokine patterns in tuberculous

and sarcoid granulomas. J Immunol 159:3034–3043

27. Sidky YA, Auerbach R (1975) Lymphocyte-induced angiogene-

sis: a quantitative and sensitive assay for the graft-versus-host

reaction. J Exp Med 141:1084–1100

28. Zielonka TM, Demkow U, Filewska M, Bialas B, Zycinska K,

Radzikowska E, Wardyn AK, Skopinska-Rozewska E (2010)

Angiogenic activity of sera from extrinsic allergic alveolitis

patients in relation to clinical, radiological, and functional pul-

monary changes. Lung 188:375–380

29. Taha RA, Minshall EM, Olivenstein R, Ihaku D, Wallaert B,

Tsicopoulos A, Tonnel AB, Damia R, Menzies D, Hamid QA

(1999) Increased expression of Il-12 receptor mRNA in active

pulmonary tuberculosis and sarcoidosis. Am J Respir Crit Care

Med 160:1119–1123

30. Selvaraj P, Sriram U, Mathan Kurian S, Reetha AM, Narayanan

PR (2001) Tumour necrosis factor alpha (-238 and -308) and

beta gene polymorphisms in pulmonary tuberculosis: haplotype

analysis with HLA-A, B and DR genes. Tuberculosis 81:335–341

31. Zielonka TM, Demkow U, Filewska M, Bialas B, Korczynski P,

Szopinski J, Soszka A, Skopinska-Rozewska E (2007) Angio-

genic activity of sera from interstitial lung diseases patients to

IL-6, IL-8, IL-12 and TNFa serum level. Centr Eur J Immunol

32:53–60

32. Zielonka TM, Demkow U, Puscinska E, Golian-Geremek A,

Filewska M, Zycinska K, Bialas-Chromiec B, Wardyn KA,

Skopinska-Rozewska E (2007) TNFalpha and INFgamma

inducing capacity of sera from patients with interstitial lung

disease in relation to its angiogenesis activity. J Physiol Phar-

macol 58(Suppl 5):767–780

33. Duan L, Gan H, Arm J, Remold HG (2001) Cytosolic phospho-

lipase A2 participates with TNFa in the induction of human

macrophages infected with Mycobacterium tuberculosis H37Ra.

J Immunol 166:7469–7476

34. Price NM, Farrar J, Tran TT, Nguyen TH, Tran TH, Friedland JS

(2001) Identification of a matrix-degrading phenotype in human

tuberculosis in vitro and in vivo. J Immunol 166:4223–4230

35. Chang JC, Wysocki A, Tchou-Wang KM, Moskowitz N, Zhang

Y, Rom WN (1996) Effect of Mycobacterium tuberculosis and its

components on macrophages and the release of matrix metallo-

proteinases. Thorax 51:306–311

36. Yoshida S, Ono M, Shono T, Izumi H, Ishibashi T, Suzuki H,

Kuwano M (1997) Involvement of interleukin-8, vascular endo-

thelial growth factor, and basic fibroblast growth factor in tumor

necrosis factor alpha-dependent angiogenesis. Mol Cell Biol

17:4015–4023

37. Saita N, Fujiwara N, Yano I, Soejima K, Kobayashi K (2000)

Trehalose 6,60-dimycolate (cord factor) of Mycobacterium

tuberculosis induces corneal angiogenesis in rats. Infect Immun

68:5991–5997

38. Oswald IP, Dozois CM, Petit JF, Lemaire G (1997) Interleukin-

12 synthesis is a required step in trehalose dimycolate-induced

activation of mouse peritoneal macrophages. Infect Immun

65:1364–1369

39. Nishigaki Y, Fujiuchi S, Fujita Y, Yamazaki Y, Sato M, Yamamoto

Y, Takeda A, Fujikane T, Shimizu T, Kikuchi K (2006) Increased

serum level of vascular endothelial growth factor in Mycobacte-
rium avium complex infection. Respirology 11:407–413

40. Müller-Quernheim J (1998) Sarcoidosis: immunopathogenic

concepts and their clinical application. Eur Respir J 12:716–738

41. Kobayashi K, Yoshida T (1996) The immunopathogenesis of

granulomatous inflammation induced by Mycobacterium tuber-
culosis. Methods 9:204–214

42. Meyer KC, Kaminski MJ, Calhoun WJ, Auerbach R (1989)

Studies of bronchoalveolar lavage cells and fluids in pulmonary

sarcoidosis. I. Enhanced capacity of bronchoalveolar lavage cells

from patients with pulmonary sarcoidosis to induce angiogenesis

in vivo. Am Rev Respir Dis 140:1446–1449

43. Sakaguchi I, Ikeda N, Nakayama M, Kato Y, Yano I, Kaneda K

(2000) Trehalose 6,60-dimycolate (cord factor) enhances neovas-

cularization through vascular endothelial growth factor production

by neutrophils and macrophages. Infect Immun 68:2043–2052

44. Manetti R, Parronchi P, Giudizi MG, Piccinni MP, Maggi E,

Trinchieri G, Romagnani S (1993) Natural killer cell stimulatory

factor (IL-12) induces T helper type (Th1) specific immune

responses and inhibits the development of IL-4 producing Th

cells. J Exp Med 177:1199–1204

45. Duda DG, Sunamura M, Lozonschi L, Kodama T, Egawa S, Mat-

sumoto G, Shimamura H, Shibuya K, Takeda K, Matsuno S (2000)

Direct in vitro evidence and in vivo analysis of the antiangiogenesis

effects of interleukin 12. Cancer Res 60:1111–1116

46. Zhang M, Gately MK, Wang E, Gong J, Wolf SF, Lu S, Modlin

RL, Barnes PF (1994) Interleukin 12 at the site of disease in

tuberculosis. J Clin Invest 93:1733–1739

47. Cooper AM, Magram J, Ferrante J, Orme IM (1997) Interleukin

12 (IL-12) is crucial to the development of protective immunity

in mice intravenously infected with Mycobacterium tuberculosis.

J Exp Med 186:39–45

48. Greinert U, Ernst M, Schlaak M, Entzian P (2001) Interleukin-12

as successful adjuvant in tuberculosis treatment. Eur Respir J

17:1049–1051

Lung (2011) 189:351–357 357

123


	Angiogenic Activity of Sera from Pulmonary Tuberculosis Patients in Relation to IL-12p40 and TNF alpha Serum Levels
	Abstract
	Introduction
	Materials and Methods
	Study Population
	Preparation of Peripheral Blood Mononuclear Cells
	Leukocyte-induced Angiogenesis Assay (LIA)
	Cytokines
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Open Access
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


