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S U M M A R Y

B A C K G R O U N D : Angiogenic factors are important in

granuloma formation and serve as biomarkers in

pulmonary tuberculosis (PTB). The relationship be-

tween these markers and tuberculous lymphadenitis

(TBL) is not known.

O B J E C T I V E A N D D E S I G N : To examine the association

of vascular endothelial growth factor (VEGF) and

angiopoietin (Ang) family molecules in TBL, we mea-

sured systemic levels of VEGF-A, C, D, R1 (VEGF-

receptor 1), R2, R3, Ang-1, Ang-2 and TIE2 (tyrosine

kinase with immunoglobulin-like and epidermal growth

factor-like domains 2) levels in TBL, latent tuberculous

infection (LTBI) and lymph node culture supernatants

(VEGF-A, C and Ang-2) of the same TBL patients.

R E S U LT S : Circulating levels of VEGF-A and VEGF-C

were significantly diminished, whereas VEGF-R2, R3,

Ang-2 and TIE2 levels were significantly increased, in

TBL. Likewise, VEGF-A, C and Ang-2 levels were

significantly increased in lymph node supernatants

compared with plasma in individuals with TBL.

Receiver operating characteristic curve analysis

showed that VEGF-C and VEGF-R2 markers clearly

distinguished TBL from LTBI. Following treatment,

VEGF-C and Ang-1 levels were significantly altered.

No association was observed between angiogenic

factors and culture grade or lymph node size, except

for VEGF-A. VEGF-A was also significantly decreased

in multiple lymph nodes compared with single lymph

nodes.

C O N C L U S I O N S : Our data suggest that altered levels of

circulating angiogenic factors in TBL might reflect

underlying vasculo-endothelial dysfunction. Reversal

of angiogenic markers after anti-tuberculosis treatment

suggests that these angiogenic markers may serve as

biomarkers of disease severity or response to treatment

in TBL.

K E Y W O R D S : tuberculous lymphadenitis; ELISA;

VEGF; angiopoietin; circulating biomarker

ANGIOGENESIS is an obligatory biological pro-
cess in healthy and diseased states.1 Vascular
endothelial growth factors (VEGFs) are a family
of secreted polypeptides that are crucial for
regulating the formation of vessels during embry-
onic growth. These anti-parallel homodimers,
characterised by an eight cysteine-knot superfamily
of growth factors, are key ‘governors’ of angiogen-
esis and lymphangiogenesis.2 These VEGFs bind to
their endothelial transmembrane receptors with
varying specificities.3 The biological function of
VEGF isoforms as well as their receptors has been
described; any defect in the former can lead to
various disorders.1,4

Angiopoietins (Angs) are also essential for vascu-
lar growth and angiogenesis. Specifically, Ang-2 is
involved in promoting blood vessel growth and
sprouting in concert with VEGF, whereas Ang-1

helps to stabilise blood vessels through TIE2
(tyrosine kinase with immunoglobulin-like and
epidermal growth factor-like domains 2) receptors
and promotes vascular maturation.5 Angiogenesis
and lymphangiogenesis may therefore play impor-
tant roles in the pathogenesis of tuberculosis (TB).

TB is characterised by the formation of granuloma-
tous inflammation.6 Tuberculous lymphadenitis (TBL)
is the most common form of the extra-pulmonary
manifestation of TB, comprising 2–5% of all TB cases
and characterised by the local manifestation of
systemic disease. The most common appearance is
the involvement of the cervical chain, reported in 45–
70% of cases, with 12–26% in the supraclavicular
region; 20% of cases are bilateral. TBL has a high
prevalence due to poor immune responses and
dissemination of mycobacteria after repeated initial
infection via the tonsils or lung parenchyma. TBL is
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more common in females and is widespread in Asian
TB patients. The prevalence of lymphadenitis is higher
if infection is associated with human immunodeficien-
cy virus (HIV) infection.7 Although a wide array of
specific and non-specific host-immune responses
contribute to the differential outcomes of TB, sub-
stantial reports on the severity of extra-pulmonary
tuberculosis (EPTB) are not available.

Our research team recently analysed the circulating
levels of angiogenic factors in pulmonary TB (PTB).8

Increased levels of VEGF-A have been reported in the
sputum and peripheral blood of individuals with
PTB.8–10 The present study aimed to analyse circu-
lating angiogenic makers in TBL patients, pre- and
post-treatment, and in individuals with latent tuber-
culous infection (LTBI).

Table Demographics of the study population

Item TBL pre-treatment TBL post-treatment LTBI

Subjects recruited, n 44 23 44
Sex: male/female 16/28 10/13 20/24
Age, years, median (range) 30 (18–59)* 27 (18–59) 38 (21–60)*
Lymph node culture grade: 0/1þ/2þ/3þ 9/23/10/2 Not done Not done

* No significant difference was observed between the groups (Mann-Whitney test).
TBL¼ tuberculous lymphadenitis; LTBI¼ latent tuberculous infection.

Figure 1 Circulating angiogenic factors in TBL individuals are associated with decreased systemic
levels of VEGFs and enhanced VEGF, TIE2 receptors and Ang levels. Plasma levels of A) VEGF-A, C
and D, B) receptors (VEGF-R1, R2 and R3) and C) Ang-1, 2 and Tie2 were measured in individuals
with TBL (n¼44) and LTBI (n¼44). Data are shown in scatter plots, with each circle representing a
single individual GM depicted with a bar. P values were calculated using the Mann-Whitney U-test.
VEGF ¼ vascular endothelial growth factor; VEGF-R ¼ VEGF receptor; TBL ¼ tuberculous
lymphadenitis; LTBI¼ latent tuberculous infection; TIE2¼ tyrosine kinase with immunoglobulin-like
and epidermal growth factor-like domains 2; GM¼ geometric mean.
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MATERIALS AND METHODS

Ethics statement

All the study volunteers enrolled were examined
according to the clinical research protocol (NIR-
TIEC2010007) approved by the Institutional Ethical
Committee Review Board of the National Institute
for Research in Tuberculosis (NIRT), Chennai, India.
Written informed consent was provided by all study
participants.

Study population

A total of 44 platelet-poor plasma samples from
individuals with TBL, along with 23 samples taken
during follow-up visits, and samples from 44 individ-
uals with LTBI, were collected in Chennai. Likewise,
22 TBL lymph node culture supernatants with
matched plasma samples were also used. Lymph nodes
were processed and culture supernatants obtained as
described elsewhere.11 It has been reported that VEGF
is released from platelets during platelet aggregation;12

samples were therefore collected from sodium-heparin
whole blood, as described previously.13

The enrolled study participants did not consume
drugs that interfere with platelet activation or aggrega-
tion. TBL was diagnosed on the basis of bacteriological

culture (performed on homogenised lymph node tissue)
positivity. Lymph node culture grades were used to
identifybacterialburdenandclassifiedas1þ,2þand3þ.
During enrolment, none of the active TBL patients had
any proof of previous exposure to TB disease or intake
ofanti-tuberculosismedication.Noneof the individuals
with TBL had PTB. LTBI status was diagnosed based on
tuberculin skin test positivity and QuantiFERONw TB
Gold In-Tube (Qiagen, Hilden, Germany) enzyme-
linked immunosorbent assay (ELISA), lack of chest
radiograph abnormalities or pulmonary symptoms and
negative sputum smear. All study participants were
bacille Calmette-Guérin-vaccinated, non-diabetic and
HIV-negative, and had a normal body mass index. The
demographics of the study groups and their baseline
characteristics are given in the Table. Standard anti-
tuberculosis treatment was administered, and blood
samples were collected again at the end of treatment.

Enzyme-linked immunosorbent assay

Circulating levels of VEGF-A, VEGF-C, VEGF-R1
(VEGF-receptor 1), VEGF-R2, VEGF-R3, Ang-1 and
Ang-2 were measured in platelet-poor plasma using
the Duoset ELISA Development System (R&D Sys-
tems, Minneapolis, MN, USA). VEGF-A, VEGF-C and

Figure 2 Increased levels of angiogenic factors (VEGF-A, C and Ang-2) are associated with
lymph node supernatants in TBL cases. VEGF-A and C and Ang-2 levels were measured in plasma
and lymph node supernatants in individuals with TBL. Data are shown as scatter plots, with each
circle representing a single individual GM depicted with a bar. P values were calculated using the
Mann-Whitney U-test. VEGF ¼ vascular endothelial growth factor; LN ¼ lymph node; TBL ¼
tuberculous lymphadenitis; GM¼ geometric mean.
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Ang-2 levels were also measured in lymph node
supernatants. VEGF-D and TIE2 levels were measured
using a Quantikinew ELISA kit (R&D Systems). The
minimum limit of detection (in pg/ml) of individual
markers was: VEGF-A, 31.25; VEGF-C, 62.5; VEGF-
D, 62.5; VEGF-R1, 125; VEGF-R2, 31.25; VEGF-R3,
156.25; Ang-1, 156.25; Ang-2, 93.75; also, the limit of
detection for the Ang receptor (TIE2) was 0.313 ng/ml.

Statistical analysis

The geometric mean (GM) was used to determine
trends. Statistically significant differences were ana-
lysed using the Mann-Whitney test, with Holm’s
correction between the two study groups. Receiver
operator characteristics (ROC) curves were designed
to test the power of each candidate angiogenic factor
to distinguish TBL from LTBI. The Wilcoxon signed-
rank test was performed to compare angiogenic
factor concentrations before and after anti-tubercu-
losis treatment. All analyses were performed using
Prism v6 (GraphPad, La Jolla, CA, USA).

RESULTS

Diminished vascular endothelial growth factors and
increased receptor levels are observed in tuberculous
lymphadenitis

To examine systemic levels of angiogenic factors
associated with TBL disease, we measured the circu-

lating levels of VEGF-A, C, D, R1, R2 and R3, Ang-1,
Ang-2 and TIE2 in individual TBL plasma samples,
and compared them with LTBI samples (Figure 1).

In TBL, systemic levels were significantly lower for
VEGF-A (GM 0.03798 ng/ml in TBL vs. 0.1220 ng/ml
in LTBI) and VEGF-C (GM 0.06115 ng/ml in TBL vs.
0.4814 ng/ml in LTBI), and higher in VEGF-R2 (GM
2.176 ng/ml in TBL vs. 0.5299 ng/ml in LTBI), VEGF-
R3 (GM 27.33 ng/ml in TBL vs. 4.184 ng/ml in LTBI),
Ang-2 (GM 1.235 ng/ml in TBL vs. 0.6147 ng/ml in
LTBI) and TIE2 (GM 0.4038 ng/ml in TBL vs. 0.08332
ng/ml in LTBI) than in LTBI (Figure 1A–C). However,
no significant differences were observed for VEGF-D
(GM 0.2348 ng/ml in TBL vs. 0.2773 ng/ml in LTBI),
VEGF-R1 (GM 0.3107 ng/ml in TBL vs. 0.4812 ng/ml
in LTBI) or Ang-1 (GM 3.284 ng/ml in TBL vs. 3.446
ng/ml in LTBI) (Figure 1A–C).

Lymph node supernatants from patients with
tuberculous lymphadenitis show increased levels of
VEGF-A, C and Ang-2

We measured the VEGF-A, C and Ang-2 levels in the
plasma and lymph node supernatants of individuals
with TBL (Figure 2). The levels of the angiogenic
factors VEGF-A (GM 0.03798 ng/ml in plasma vs.
0.06111 ng/ml in lymph node), VEGF-C (GM
0.06115 ng/ml in plasma vs. 0.8573 ng/ml in lymph
node) and Ang-2 (GM 1.235 ng/ml in plasma vs.
1.765 ng/ml in lymph node) were increased in the

Figure 3 ROC curve illustrates the discriminatory power of systemic angiogenic factors in individuals with TBL. ROC curve analysis
was performed to assess the sensitivity, specificity and area under the curve using systemic angiogenic factors (VEGF-A, C, VEGF-R2,
R3, Ang-2 and TIE2) and to calculate the ability of these factors to differentiate TBL from individuals with LTBI. VEGF ¼ vascular
endothelial growth factor; VEGF-R¼VEGF receptor; TIE2¼ tyrosine kinase with immunoglobulin-like and epidermal growth factor-like
domains 2; ROC¼ receiver operating characteristic; TBL¼ tuberculous lymphadenitis; LTBI¼ latent tuberculous infection.
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lymph node supernatants of TBL patients when
compared with circulating plasma levels. We con-
cluded that TBL was associated with increased levels
of angiogenic factors in lymph node supernatants.

Circulating angiogenic factors differentiate tuberculous
lymphadenitis from latent tuberculous infection

To explore the discriminatory power of circulating
angiogenic markers in distinguishing TBL from LTBI
patients, we performed ROC analysis of VEGF-A, C,
R2 and R3, as well as Ang-2 and TIE2, for the same
groups. Most of the angiogenic markers exhibited
significant discriminatory power, along with high

area under the curve (AUC) values, sensitivity and
specificity (Figure 3). Among these, VEGF-C, R2, R3
and TIE2 shared the highest AUC, sensitivity and
specificity in discriminating between differences in
TBL and LTBI individuals. We therefore believe that
VEGF-C and R2 could serve as biomarkers for
distinguishing active TBL from LTBI.

Efficacy of anti-tuberculosis treatment was analysed
using circulating angiogenic markers

To ascertain if the enhanced or diminished levels of
circulating angiogenic factors are liable to change
upon therapeutic intervention in TBL, we determined

Figure 4 TBL is associated with increased plasma levels of VEGF-C and Ang-1 following anti-
tuberculosis treatment. The systemic plasma levels of A) VEGF (A, C and D), B) their receptors (R1,
R2 and R3) and C) Ang-1, 2 and TIE2 were measured in individuals with TBL before and after
standard anti-tuberculosis treatment. Data are shown as line graphs, with each line representing a
single individual. P values were calculated using the Wilcoxon signed rank test. VEGF¼ vascular
endothelial growth factor; TBL ¼ tuberculous lymphadenitis; BL ¼ before treatment; PT ¼ post-
treatment; VEGF-R ¼ VEGF receptor; TIE2 ¼ tyrosine kinase with immunoglobulin-like and
epidermal growth factor-like domains 2.
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the levels of these angiogenic markers before and after

a standard course of anti-tuberculosis treatment (pre-
treatment vs. post-treatment).

After anti-tuberculosis treatment, levels of the
angiogenic markers VEGF-C (GM 0.05251 ng/ml

vs. 0.05972 ng/ml) and Ang-1 (GM 2.346 ng/ml vs.

3.747 ng/ml) were increased compared with pre-
treatment levels in TBL individuals (Figure 4A–C).

No significant differences between pre- and post-
treatment levels were observed in the other angio-

genic markers analysed in TBL patients.

There is no association between tuberculous
lymphadenitis culture grade and circulating
angiogenic markers

To examine the association between systemic angio-

genic marker levels and lymph node bacillary culture

grade in TBL patients, we correlated culture grade

values with the corresponding circulating angiogenic
levels of VEGF-A, C, D, R1, R2, R3, Ang-1, Ang-2

and TIE2 (Figure 5A–C). None of the angiogenic

markers showed a positive relationship with culture

grade.

VEGF-A alone distinguishes between multiple and
single lymph node status

VEGF-A levels were significantly decreased in multi-

ple lymph nodes compared with single lymph nodes

in TBL patients (Figure 6A). None of the levels of

other circulating angiogenic markers showed varia-

tion between single and multiple lymph nodes. No
significant association was noted between circulating

Figure 5 No correlation between the systemic plasma levels of angiogenic factors and culture
grade in individuals with TBL. The relationship between TBL plasma levels of A) VEGF (A, C and D), B)
their receptors (R1, R2 and R3) and C) angiopoietin (Ang-1 and 2) and their receptors (TIE2) were
correlated with bacillary culture grade. Results are represented in scatter plots, with each circle
representing a single individual and the bars indicating the geometric means. P values were
calculated using the Mann-Whitney U-test. VEGF¼vascular endothelial growth factor; CG¼culture
grade; VEGF-R ¼ VEGF receptor; TIE2 ¼ tyrosine kinase with immunoglobulin-like and epidermal
growth factor-like domains 2; TBL¼ tuberculous lymphadenitis.
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angiogenic factors and two clusters of lymph nodes

(the size of the lymph node was calculated using a

vertical and horizontal length of ,20 or .20 cm)

(Figure 6B).

DISCUSSION

As the vascular endothelium can interact with and

report to its environment, infection or injury leads to

abnormal endothelial activation and angiogenesis.

The VEGF family is the chief arbitrator of angiogen-

esis and lymphangiogenesis, with expression mainly

observed in activated macrophages, neutrophils and

hepatocytes. Hypoxia and tissue inflammation seem

to be important in enhancing this expression.4,14,15

Studying the role of peripheral blood biomarkers of

endothelial activation/dysfunction in infectious dis-

eases is clinically helpful in understanding the severity

of disease progression.16 Increased VEGF and Ang

levels have been reported in PTB, malignancies,

inflammatory disorders, inflammatory lung disease

and asthma.5,8–10,17,18.

Mycobacterial trehalose 6,6 0-dimycolate (cord

factor) enhances neovascularisation through VEGF

production by neutrophils and macrophages during

granuloma formation in mice. The zebra fish model

was recently used to study the pathogenesis of TB

granuloma. The latter was found to be intimately

Figure 6 A) No association between levels of angiogenic factors and lymph node number was observed in individuals with TBL.
Association between systemic plasma levels in single vs. multiple lymph nodes in: i) VEGF (A, C and D), ii) their receptors (R1, R2 and
R3) and iii) angiopoietin (Ang-1, 2 and TIE2) were examined. Data are shown as scatter plots, with each circle representing a single
individual. P values were calculated using the Mann-Whitney U-test. B) No association between levels of angiogenic factors and lymph
node size was observed in individuals with TBL. Levels of circulating angiogenic factors are shown in two clusters of lymph nodes (the
size of the lymph node calculated using vertical and horizontal length and represented as , or .20 cm). i) VEGF (A, C and D), ii) their
receptors (R1, R2 and R3) and iii) angiopoietin (Ang-1, 2 and TIE2) were examined. Data are shown as scatter plots, with each circle
representing a single individual. P values were calculated using the Mann-Whitney U-test. VEGF¼ vascular endothelial growth factor;
LN ¼ lymph node; VEGF-R ¼ VEGF receptor; TIE2 ¼ tyrosine kinase with immunoglobulin-like and epidermal growth factor-like
domains 2; TBL¼ tuberculous lymphadenitis.
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associated with the enhanced angiogenesis and
transcriptional induction of the pro-angiogenic mol-
ecule VEGF-A, as well as the generation of local
hypoxia. The introduction of anti-angiogenic thera-
pies along with standard anti-tuberculosis treatment
has shown a reduction in infection burden and
bacillary dissemination in animal models.19,20 Nev-
ertheless, the basic mechanism of the systemic
response to angiogenesis in human TBL is not known.

In the present study, we reported diminished
systemic levels of VEGF-A, C and D in TBL compared
with LTBI, with VEGF-C having the highest sensitiv-
ity and specificity. VEGF-A levels were not increased
even in TBL cases with multiple node involvement.
Only VEGF-C levels became normalised following
anti-tuberculosis treatment. VEGF-A and C levels
were significantly higher in lymph node supernatants
than in circulating plasma. This finding suggests that
in TBL, unlike PTB, high levels of angiogenic marker
expression occur at the site of infection rather than in
the circulation.

VEGF receptors are expressed in endothelial cells
where VEGF-R1/FLT-1 (fms-like tyrosine kinase) and
VEGF-R2 KDR/FLK-1 (foetal liver kinase) are
involved in angiogenesis and FLT-4/VEGF-R3 is
associated with haematopoiesis and lymphogene-
sis.21,22 VEGF receptors are prone to inducing
inflammation; increased levels of VEGF-R2 and R3
thus reflect enhanced angiogenesis and lymph angio-
genesis.3 These higher receptor levels might act as
‘decoys’ in lowering the corresponding VEGF levels.
A decoy mechanism involving the formation of
inactive tumour necrosis factor alpha (TNF-a)/
TNFR2 complexes has been reported in Mycobacte-
rium tuberculosis H37Rv (Mtb H37Rv) infection.23

The Ang/TIE2 circuit is very important for the
growth of blood vessels in the later stages of TB
disease.24 These factors have been reported to act as
biomarkers for monitoring normal and abnormal
function of the vascular endothelium in infectious
and non-infectious conditions.25 Ang-2 was recently
recognised to be a major and sole predictor of early

Figure 6 (continued)
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and late stages of critical illness in adults.26 Decreased
Ang-1 and increased Ang-2 levels have been associ-
ated with sepsis and worst-case prediction in patients
infected with Plasmodium vivax.27,28 The binding of
Ang-1 to TIE2 generally promotes vessel integrity and
endothelial cell survival, inhibits vascular leakage and
suppresses inflammatory gene expression.29–31 The
binding of antagonistic Ang-2 completely disrupts
protective Ang-1-TIE2 signalling, which results in
endothelial activation, increased inflammation and
vascular barrier breakdown.32,33 In our study, sys-
temic levels of Ang-2 and TIE2 factors were increased
in TBL in comparison with LTBI. A combination of
increased Ang-2 and TIE2 and decreased VEGFs
reflects the possibility of ongoing disrupted angio-
genesis in TBL granulomatous lesions. Ang-2 was
also present at high levels in lymph node supernatants
compared with plasma, which supports the hypoth-
esis stated above. Researchers have reported higher
systemic Ang-2 and TIE2 levels in PTB than in LTBI,
which is in line with our results.17

The increase in Ang-1 and VEGF-C levels after
anti-tuberculosis treatment also indicates a reversal of
the disrupted vasculo-endothelial system in TBL
granulomas to an integrated system. In this context,
these two markers could be used to monitor post-
treatment recovery, while Ang-2 and TIE2 levels may
serve as indicators of disease severity. Furthermore,
higher VEGF-C levels increase lymphangiogenesis
through VEGF-R3 in TBL granulomas, which in turn
could promote the generation of systemic T-cell
responses to TB antigens.34,35 A surprising observa-
tion was the lack of correlation between angiogenic
marker levels and bacillary culture grade. This
observation is in direct contrast to our previous
findings with respect to PTB.8

In conclusion, our study is the first to report on
systemic levels of VEGF and Angs in TBL pre- and
post-treatment. Further studies are needed to ex-
plore and understand the role of these factors in
disease severity. Future studies with larger study
cohorts could further elucidate the role of angiogen-
ic and lymphangiogenic molecules in TBL patho-
genesis.
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R É S U M É

C O N T E X T E : Les facteurs angiogéniques sont

importants dans la formation du granulome et servent

de biomarqueurs dans la tuberculose pulmonaire.

L’association de ces marqueurs avec la lymphadénite

tuberculeuse (TBL) est inconnue.

O B J E C T I F E T S C H É M A : Examiner l’association entre le

facteur de croissance de l’endothélium vasculaire

(VEGF) et des molécules de la famille Ang dans la

TBL. Nous avons mesuré les niveaux systémiques de

VEGF-A, C, D, R1, R2, R3, Ang-1,2 et TIE2 (tyrosine

kinase avec des domaines de type facteur de croissance

épidermique et de type immunoglobuline 2) dans la

TBL, l’infection tuberculeuse latente (LTBI) et les

surnageants de culture de ganglions (VEGF-A, C et

Ang-2) des mêmes patients TBL.

R É S U LTAT S : Les niveaux circulants de VEGF-A et de

VEGF-C ont été significativement diminués, tandis que

les niveaux de VEGF-R2, R3, Ang-2 et TIE2 ont été

significativement élevés dans la TBL. De même, les

niveaux VEGF-A,C et Ang-2 ont été significativement

élevés dans les surnageants de ganglion lymphatique

quand on les compare au plasma de patients atteints de

TBL. L’analyse courbe de la fonction d’efficacité du

récepteur a révélé que les marqueurs VEGF-C et VEGF-

R2 avaient clairement distingué la TBL de la LTBI.

Après la chimiothérapie, les niveaux de VEGF-C et Ang-

1 ont été significativement altérés. Aucune association

n’a été observée en ce qui concerne les facteurs

angiogéniques comparés au grade de la culture et à la

taille du ganglion lymphatique, sauf pour VEGF-A.

VEGF-A a également été significativement diminué dans

les ganglions lymphatiques multiples en comparaison

avec les ganglions lymphatiques uniques.

C O N C L U S I O N : Nos données révèlent que l’altération

des niveaux de facteurs angiogéniques circulants dans la

TBL pourraient refléter une dysfonction vasculo-

endothéliale sous-jacente. L’inversion des marqueurs

angiogéniques après le traitement anti-tuberculeux

révèle que ces marqueurs angiogéniques pourraient

servir de biomarqueurs de gravité de la maladie ou de

réponse à la chimiothérapie dans la TBL.

R E S U M E N

M A R C O D E R E F E R E N C I A: Los factores angiógenos son

importantes en la formación del granuloma y sirven

como biomarcadores de la tuberculosis pulmonar. No se

conoce la correlación entre estos marcadores y la

linfadenitis tuberculosa (TBL).

O B J E T I V O Y M É T O D O S: Por esta razón, en el presente

estudio se examinó la relación de las moléculas de la

familia de los factores de crecimiento vascular endotelial

(VEGF) y la familia de las angiopoyetinas (Ang) con la

TBL. Se midieron las concentraciones sistémicas de

VEGF-A, C, D, R1, R2, R3, Ang-1, Ang-2 y del receptor

TIE2 (tirosina cinasa con dominios tipo

inmunoglobulina y similares al factor de crecimiento

epidérmico 2) en casos de TBL, infección tuberculosa

latente (LTBI) y en los sobrenadantes del cultivo de

nódulos linfáticos (VEGF-A, C y Ang-2) de las mismas

personas con TBL.

R E S U LTA D O S: Se observó una concentración muy

disminuida de VEGF-A y VEGF-C circulantes y una

concentración notablemente alta de VEGF-R2, R3, Ang-

2 y TIE2 en los casos de TBL. De igual manera, las

concentraciones de VEGF-A, C y Ang-2 fueron muy

altas en los sobrenadantes del cultivo de ganglios

linfáticos, en comparación con su concentración

plasmática en las personas con TBL. El análisis ROC

(caracterı́stica operativa del receptor) reveló que los

marcadores VEGF-C y VEGF-R2 pueden diferenciar

claramente la TBL de la LTBI. Tras el tratamiento

médico, las concentraciones de VEGF-C y Ang-1 se

modificaron de manera considerable. No se observó

ninguna correlación al comparar los factores angiógenos

con el grado de clasificación del cultivo y el tamaño de

los ganglios linfáticos, a excepción del VEGF-A.

Además, el VEGF-A estaba muy disminuido en los

casos de afectación de ganglios linfáticos múltiples en

comparación con la afectación de ganglios linfáticos

únicos.

C O N C L U S I Ó N: Los resultados del estudio revelan que la

alteración de las concentraciones de los factores

angiógenos circulantes en la TBL podrı́a corresponder

a una disfunción subyacente del endotelio vascular. La

recuperación de los marcadores angiógenos después del

tratamiento antituberculoso pone de manifiesto que

estos factores pueden constituir biomarcadores de la

gravedad de la enfermedad o de la respuesta al

tratamiento médico en los casos de TBL.
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