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Abstract

Angiogenesis/angiostasis regulated by hypoxia inducible factor-1A (HIF-

1A)/vascular endothelial growth factor (VEGF)/inhibitor of growth pro-

tein 4 (ING-4) axis may be crucial for the course and outcome of sarcoid-

osis. Overexpression of angiogenic factors (activation of VEGF through

HIF-1A) may predispose to chronic course and lung fibrosis, whereas

immunoangiostasis (related to an overexpression of inhibitory ING-4)

may be involved in granuloma formation in early sarcoid inflammation,

or sustained or recurrent formation of granulomas. In this work we

investigated gene expression of HIF-1A, VEGF and ING-4 in

bronchoalveolar fluid (BALF) cells and in peripheral blood (PB)

lymphocytes of sarcoidosis patients (n = 94), to better understand

mechanisms of the disease and to search for its biomarkers. The relative

gene expression level (RQ value) was analyzed by qPCR. The results were

evaluated according to the presence of lung parenchymal involvement

(radiological stage I vs. II–IV), acute vs. insidious onset, lung function

tests, calcium metabolism parameters, percentage of lymphocytes (BALL

%) and BAL CD4+/CD8+ in BALF, age, and gender. In BALF cells, the

ING-4 and VEGF RQ values were increased, while HIF-1A expression

was decreased. In PB lymphocytes all studied genes were overexpressed.

Higher expression of HIF-1A in PB lymphocytes of patients with abnor-

mal spirometry, and in BALF cells of patients with lung volume
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restriction was found. VEGF gene expression in BALF cells was also

higher in patients with abnormal spirometry. These findings were in line

with previous data on the role of HIF-1A/VEGF/ING-4 axis in the patho-

genesis of sarcoidosis. Up-regulated HIF-1A and VEGF genes are linked

to acknowledged negative prognostics.
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1 Introduction

Sarcoidosis is an inflammatory granulomatous

disorder of unknown etiology, affecting multiple

organs, but mainly intrathoracic lymph nodes

and the lungs (Baughman et al. 2011;

Hunninghake et al. 1999). It has been reported

in all racial and ethnic groups. In the majority of

patients the disease disappears without treatment,

but it may become chronic and progressive, lead-

ing to debilitating lung fibrosis, and in some

cases also to death (Ianuzzi et al. 2007). Genetic

susceptibility seems to be crucial for the devel-

opment of the disease in subjects exposed to

unknown environmental (infectious or non-

infectious) factors (antigens) (Lazarus 2009;

Ianuzzi et al. 2007; Thomas and Hunninghake

2003). Genetic factors strongly influence the dis-

ease course and long-term prognosis. However, it

is very difficult to predict in the clinical setting,

which patients are at increased risk of unfavor-

able outcome in the future.

A few studies have been published recently,

showing that angiogenic and angiostatic factors

may be involved in the pathogenesis of sarcoido-

sis (Cui et al. 2010; Lazarus 2009; Ianuzzi et al.

2007; Antoniou et al. 2006). It is claimed that

angiogenesis-angiostasis balance is implicated in

the formation of granuloma (angiostasis), and in

hypoxia-induced lung remodeling and fibrosis

(angiogenesis) (Cui et al. 2010). Hypoxia-induc-

ible factor-1A (HIF-1A, located in the chromo-

some 14q21-q24) is a key transcription factor in

the cellular response to hypoxia, and is

recognized as a major oxygen homeostasis regu-

lator which controls the activation of genes

essential to cellular adaptation to low oxygen

conditions, such as vascular endothelial growth

factor (VEGF). However, also under normoxic

conditions, several dozen of genes implicated in

different cellular functions have been found to be

induced by growth factors and vascular

hormones through the mediation of HIF-1A

(Déry et al. 2005). HIF-1 is a key regulator of

VEGF, which stimulates mobility and maturation

of endothelial cells in hypoxic environment. In

addition, the group of HIF-1A dependent genes

(including MMP2) influence the extracellular

matrix turnover. Under hypoxic conditions,

HIF-1 upregulation may induce alveolar cell apo-

ptosis and epithelial-mesenchymal transmission

(EMT), thus potentially contributing to pulmo-

nary fibrosis (Kim et al. 2006). VEGF, by

controlling monocyte recruitment, may be

involved in granuloma formation (Tzouvelekis

et al. 2012; Tolnay et al. 1998). In chronic exper-

imental hypoxia, leading to acute lung fibrosis,

inflammation, fibrosis, and pulmonary hyperten-

sion, the increased HIF-1A protein and its

DNA binding activity have been observed in

pulmonary epithelial cells (Shimoda and

Semenza 2011; Yu et al. 1998). Recently, it has

been documented that HIF-1A dependent lung

epithelial remodeling involves changes in the

profile of chemokines and cytokines, properties

of myofibroblasts, and a variety of proangiogenic

factors, including VEGF (Stenmark et al. 2006).

Inhibitor of growth protein 4 (ING-4) has

been recognized as a potential tumor suppressor

gene, and effective suppressor of HIF-1A.

It is involved in the regulation of cell cycle

arrest, apoptosis or senescence, inhibiting cell

proliferation and angiogenesis (Guérillon et al.

2014).
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Currently, no useful diagnostic or prognostic

biomarkers are available to support the clinical

judgment of patients suffering from sarcoidosis.

Moreover, relatively little is known about the

significance of HIF1-A/VEGF/ING-4 axis in sar-

coidosis development and disease course. There-

fore, in the present study we analyzed the

expression levels of HIF-1A, VEGF, ING-4

genes and evaluated their potential diagnostic

and prognostic value in sarcoidosis patients.

2 Methods

2.1 Study Group

The study was approved by Ethics Committee of

the Medical University of Lodz, Poland (permis-

sion RNN/141/10/KE) and patients participating

in the study signed written informed consent.

This study is part of the project on research into

the molecular mechanisms underlying the patho-

genesis of sarcoidosis. The project encompassed

94 hospitalized patients with the diagnosis of

pulmonary sarcoidosis and 50 non-smoking

patients suffering from idiopathic cough or

other unrelated to sarcoidosis conditions. All

subject were recruited for the study in the years

2010–2014. The diagnosis was based on the cur-

rent international guidelines (Ianuzzi et al. 2007;

ATS & ERS & WASOG 1999). Clinical and

radiological features of sarcoidosis, with the

presence of non-caseating granuloma in tissue

biopsy, were confirmed in each patient. Demo-

graphic characteristics of the sarcoidosis and

control patients have been previously described

in detail (Piotrowski et al. 2014a).

The current study on the role in sarcoid for-

mation of angiogenesis/angiostasis balance con-

trolled by HIF-1A/VEGF interplay expands on

the previous investigation concerning the expres-

sion of the cytokine transforming growth factor

beta (TGF-β)/SMAD receptor signaling cascade

in the development of clinical features of sar-

coidosis. The source of research material for the

current study were the same samples of

bronchoalveolar lavage fluid (BALF) and periph-

eral blood which were used in research on the

TGF-β/SMAD cascade previously published

(Piotrowski et al. 2014a). The angiogenesis/

angiostasis status was considered an independent

research ramification of the molecular pathogen-

esis of sarcoidosis, and, therefore, was herein

described as a separate entity.

2.2 Collection of Biological
Material

Bronchoscopy was performed with a flexible

bronchoscope (Pentax, Tokyo, Japan) according

to the Polish Respiratory Society Guidelines

(Chciałowski et al. 2011). BALF was collected

from the medial lung lobe, by instillation and

subsequent withdrawal of 4 � 50 ml of 0.9 %

NaCl. The fluid recovery was 52.1 � 1.2 %. The

crude BALF was filtered through a gauze to clear

the thick mucus and other contaminants,

centrifuged, and the pellet was suspended in a

phosphate buffer. The total number of non-epi-

thelial cells (total cell count – TCC) was

presented as n � 106. Cytospin slides were

prepared and stained by May-Grünwald-Giemsa

stain. The number of macrophages, lymphocytes,

neutrophils, and eosinophils was calculated

under a light microscope and presented as per-

cent of TCC. After the calculations, all fluid was

centrifuged (10 min, 1,200 rpm), supernatant of

BALF was suspended in RNAlater RNA Stabili-

zation Reagent (QIAGEN, Hilden, Germany) in

a volume of about 350 μl of solution in

Eppendorf tubes, marked with an identification

number, and was frozen (�80 �C) until further
RNA isolation procedures.

Spirometry was performed according to the

Polish Respiratory Society Guidelines (Polish

Society of Respiratory Diseases 2006) with a

computer-based spirometer (Jaeger, Dortmund,

Germany).

Blood was collected into 5 ml EDTA

containing tubes. For lymphocyte separation, a

density gradient cell separation medium

Histopaque-1077 (Sigma-Aldrich, Poznan,

Poland) was used according to the

manufacturer’s protocol.
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2.3 RNA Extraction, Real-Time
qPCR

RNA isolation was performed using mirVana™
miRNA Isolation Kit (Life Technologies,

Carlsbad, CA), according to the manufacturer’s

protocol. The quality and quantity of isolated

RNA was assessed spectrophotometrically

(BioPhotometerTM Plus, Eppendorf, Hamburg,

Germany). The purity of total RNA (ratio of 16S

to 18S fraction) was determined in the automated

electrophoresis using RNA Nano Chips

LabChipplates on Agilent 2100 Bioanalyzer

(Agilent Technologies, Santa Clara, CA).

cDNA was transcribed from 100 ng of total

RNA, using a High-Capacity cDNAReverse Tran-

scription Kit (Applied Biosystems, Carlsbad, CA)

in a total volume of 20 μl according to

manufacturer’s protocol. The relative expression

analysis was performed in 7900HT fast real-time

PCR System (Applied Biosystems, Carlsbad, CA)

using TaqMan probes for the studied genes: HIF-

1A (Hs00153153_m1), VEGF (Hs00900055_m1),

ING-4 (Hs01088026_m1), ACTB
(Hs99999903_m1). The PCR mixture contained:

cDNA (1 to 100 ng), 20 � TaqManR Gene

Expression Assay, 2 � KAPA PROBE Master

Mix (2x) ABI Prism Kit (Kapa Biosystems,

Wilmington, MA) and RNase-free water in a total

volume of 20 μl. The expression levels (RQ values)

of the studied genes were calculated using the delta

CT method, with the adjustment to the β-actin
expression level and in relation to the expression

level of calibrator (Human Lung Total RNA

Ambion®; Applied Biosystems, Carlsbad, CA),

for which RQ value was equal to 1.

2.4 Data Elaboration

The Kruskal-Wallis test, the Mann-Whitney U

test, the Neuman–Keuls multiple comparison

test, and the Spearman rank correlation were

used for statistical data elaboration (StatSoft,

Cracow, Poland). Statistically significant

differences were defined as P < 0.05.

3 Results

3.1 Relative Expression Analysis
of Genes in Bronchoalveolar
Lavage Fluid Cells

In BALF cells from patients with radiological

stage I sarcoidosis, the highest expression level

(mean RQ) of ING-4 (0.629), and the lowest of

HIF-1A (0.037) were observed. Similarly, in

patients with radiological stages II–IV, the

highest RQ values were revealed for ING-4

(0.634), and the lowest for HIF-1A (0.031).

In the acute onset phenotype of sarcoidosis,

the highest expression level (mean RQ) was

observed for ING-4 (0.568) and the lowest for

HIF-1A (0.033). Similarly, in the chronic insidi-

ous onset phenotype, the highest expression level

(mean RQ) was found for ING-4 (0.686), and the

lowest for HIF-1A (0.035). Decreased (RQ < 1)

and increased (RQ > 1) expression values of

studied genes are shown in Table 1.

3.2 Relative Expression Analysis
of Genes in Peripheral Blood
Lymphocytes

In peripheral blood (PB) lymphocytes in patients

with radiological stage I sarcoidosis, the highest

mean expression level (mean RQ) of ING-4

(0.540) and the lowest of HIF-1A (0.321) were

observed. In patients with radiological stages

II–IV, the highest mean expression level of

ING-4 (0.586) and the lowest of VEGF (0.025)

were found.

In the acute onset phenotype, the highest

mean expression level of ING-4 (0.592) and the

lowest of HIF-1A (0.246) were observed. Simi-

larly, in the insidious onset phenotype, the

highest mean expression level for ING-4

(0.526) and the lowest for VEGF (0.089) were

found. Decreased (RQ < 1) and increased

(RQ > 1) expression values of studies genes

are shown in Table 2.
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3.3 Expression of Genes in
Sarcoidosis Patients vs.
Controls

BALF Cells In BALF cells, in the whole group

of sarcoidosis patients, the mean RQ values of the

genes were the following: 0.030 for HIF1-A,
0.172 for VEGF, and 0.703 for ING-4 gene (for

specific clinical classification see Table 1). In the

control group, the RQ values were the following:

0.050 for both HIF1-A and VEGF, and 0.331 for

ING-4 gene. There were no statistically

significant differences regarding the level of

genes expression between the sarcoidosis and

control groups (P > 0.05;Mann-WhitneyU test).

PB Lymphocytes In PB lymphocytes, in the

whole group of sarcoidosis patients, the mean

RQ values of the genes were the following:

0.233 for HIF1-A, 0.197 for VEGF, and 0.561

for ING-4 gene (for specific clinical classification

see Table 2). In the control group, the RQ values

were the following: 0.024 for HIF-1A, 0.013 for

VEGF, and 0.468 for ING-4 gene. The level of

expression of the HIF-1A gene was here

Table 1 Mean RQ values (range) for all studied genes (HIF-1A, ING-4, and VEGF) in BALF cells of sarcoidosis

patients

Mean RQ value (range)

Number (%) of samples with

RQ value >1 RQ value <1

HIFI-A Radiological stage I 0.037 (0.002–0.529) 0 (0) 46 (100)

Radiological stages II–IV 0.031 (0.001–0.144) 0 (0) 48 (100)

Acute disease 0.033 (0.002–0.529) 0 (0) 42 (100)

Chronic disease 0.035 (0.001–0.453) 0 (0) 51 (100)

ING-4 Radiological stage I 0.629 (0.018–3.555) 10 (23) 36 (77)

Radiological stages II–IV 0.634 (0.024–4.448) 11 (22) 37 (78)

Acute disease 0.568 (0.330–3.555) 9 (22) 33 (78)

Chronic disease 0.686 (0.024–4.448) 9 (18) 42 (82)

VEGF Radiological stage I 0.250 (0.002–3.320) 5 (11) 41 (89)

Radiological stages II–IV 0.098 (0.001–1.710) 2 (5) 46 (95)

Acute disease 0.271 (0.002–3.320) 5 (12) 37 (88)

Chronic disease 0.094 (0.001–1.717) 1 (2) 50 (98)

RQ gene expression level, BALF bronchoalveolar fluid

Table 2 Mean RQ value (range) for all studied genes (HIF-1A, ING-4, and VEGF) in PB lymphocytes in sarcoidosis

patients

Mean RQ value (range)

Number (%) of samples with

RQ value >1 RQ value <1

HIF-1A Radiological stage I 0.321 (0.009–2.589) 2 (10) 19 (90)

Radiological stages II–III 0.123 (0.007–0.950) 0 (0) 17 (100)

Acute disease 0.246 (0.009–2.252) 1 (5) 19 (95)

Chronic disease 0.207 (0.029–2.589) 1 (5) 17 (95)

ING-4 Radiological stage I 0.540 (0.013–2.994) 2 (10) 19 (90)

Radiological stages II–III 0.586 (0.025–3.369) 3 (18) 14 (82)

Acute disease 0.592 (0.013–2.994) 3 (15) 17 (75)

Chronic disease 0.526 (0.025–3.361) 2 (11) 16 (89)

VEGF Radiological stage I 0.336 (0.003–2.887) 3 (13) 19 (87)

Radiological stages II–III 0.025 (0.005–0.178) 0 (0) 17 (100)

Acute disease 0.295 (0.003–2.877) 2 (10) 18 (90)

Chronic disease 0.089 (0.002–1.152) 1 (5) 17 (95)

RQ gene expression level, PB Peripheral blood
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significantly greater in sarcoidosis patients than

that in the control subjects (P = 0.003, Mann-

Whitney U test).

3.4 Expression of Genes in BALF
Cells vs. PB Lymphocytes in
Sarcoidosis Patients

There was significantly greater HIF-1A expres-

sion in PB lymphocytes than that in BALF cells

in sarcoidosis patients (P <0.0001; Mann-

Whitney U test) (Fig. 1).

3.5 Expression of Genes in Relation
to Radiological and Clinical
Classification and Lung
Function

In both BALF cells and PB lymphocytes, there

were no significant differences in the expression

of the genes studied between the subgroups with

and without parenchymal involvement (stage I

vs. II–IV), and between the acute vs. insidious

onset phenotypes. However, a significantly

higher expression level of HIF-1A in BALF

cells in patients with abnormal spirometry, espe-

cially those with lung volume restriction pattern

was found (P = 0.033) (Fig. 2). We also

observed a significantly higher expression level

of VEGF gene in BALF cells in patients with

abnormal spirometry (P = 0.028).

3.6 Relationship Between the
Expression of Genes and Lung
Function, Patients’ Features,
and Laboratory Markers in
Bronchoalveolar Lavage Fluid
Cells and in Peripheral Blood
Lymphocytes

Several negative correlations were found

between the HIF-1A and VEGF gene expression

in BALF, and VEGF expression in PB

lymphocytes, on one side, and spirometric tests

or DLCOc on the other side (Table 3).

4 Discussion

In the present study we documented down-

regulated HIF-1A, and up-regulated VEGF and

ING-4 gene expression in BALF cells, while up-

regulated gene mRNAs of the entire axis was

observed in peripheral blood lymphocytes. Our

results are partly in accord with the observations

Fig. 1 Expression levels
of HIF-1A in

bronchoalveolar lavage

fluid (BALF) cells vs.
peripheral blood (PB)

lymphocytes in sarcoidosis

patients
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of other authors (Tzouvelekis et al. 2012) who

also found suppressed HIF-1A and abundant

VEGF and ING-4 expression in tissue biopsies

containing sarcoid granuloma. This unusual

biological cascade of genes expression results,

according to the cited authors, from the func-

tional feedback between HIF-1A and ING-4
genes. Interestingly, we also observed a negative

interaction between ING-4 and HIF-1A, as the

overexpression of ING-4 frequently coexisted

with decreased expression of HIF-1A in BALF

cells in sarcoidosis patients. Other authors also

confirmed that ING-4 is able to inhibit HIF-1A,
or ING-4may also be suppressed by other growth

factors present in the cytokine milieu of sarcoid

inflammatory site (Tzouvelekis et al. 2012;

Antoniou et al. 2006; Déry et al. 2005).

The known mechanism of inhibitory

properties of ING-4 is based on the interaction

with HIF prolyl hydroxylases and NF-κB subunit

– ReIA. The net effect is the repression of angio-

genesis related genes, such as IL-6, IL-8, and
COX-2. Immunoangiostatic environment in sar-

coidosis may also be confirmed by the studies

showing the role of CXCR3 ligands (interferon

inducible cytokines, such as IP-10, ITAC, and

MIG). These cytokines are related to more severe

and chronic course of sarcoidosis (Piotrowski et

al. 2014b). Apparently, the inconsistent rise in

VEGF gene expression is the evidence of axis

Fig. 2 Expression levels
of HIF-1A gene in patients

with normal spirometry and

with lung volume

restriction (P = 0.033;

Mann-Whitney U test)

Table 3 Correlations between the expression level of genes (RQ values) and lung function tests and selected

laboratory markers in sarcoidosis patients

Biological material Parameter Gene Group/subgroup Rho value P value

BALF cells FEV1/FVC HIF-1A Entire �0.217 0.048

FEV1/FVC HIF-1A Parenchymal involvement �0.322 0.037

DLCOc HIF-1A Entire �0.387 0.002

DLCOc VEGF Entire �0.300 0.021

CD4/CD8 VEGF Without parenchymal involvement �0.331 0.039

PB lymphocytes FEV1 VEGF Parenchymal involvement �0.650 0.006

FVC VEGF Parenchymal involvement �0.562 0.023

DLCOc VEGF Parenchymal involvement �0.612 0.001

BALF bronchoalveolar lavage fluid, PB peripheral blood, DLCOc lung diffusion capacity for carbon monoxide

corrected for hemoglobin, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity
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impairment and may be explained by a dual

character of sarcoid inflammation – on the one

side immunoangiostatic and on the other side

inflammatory, in which VEGF may also be

involved in inflammatory pathways different

than angiogenesis. However, this dual

immunoangiostatic and inflammatory nature of

sarcoid granuloma formation involves stimuli

unrelated to HIF-1/VEGF axis (Tzouvelekis et

al. 2012). An elevated concentration of VEGF

protein in the serum and BALF of sarcoidosis

patients and increased VEGF protein expression

in tissue biopsies has also been found by

Yamashita et al. (2013). Additionally, VEGF

concentration has been shown to be higher in

patients with extrapulmonary involvement, and

the level of VEGF is helpful in predicting which

patients would deserve corticosteroid treatment

(Sekiya et al. 2003). A comparison of VEGF

concentration in BALF retrieved from lung

segments with more and less intensive parenchy-

mal changes revealed a higher concentration of

VEGF in more involved lung areas. Moreover,

the relation to the disease activity was confirmed

(Ziora et al. 2000). This up-regulation of VEGF

on the translational level has also been confirmed

in the present study on the mRNA level, and a

negative correlation between VEGF expression,

and lung function results and parenchymal

involvement in sarcoidosis patients was also

recognized. Our observation concerning the up-

regulation of VEGF is important for the recogni-

tion of this gene as a strong angiogenic stimula-

tor, which activates mobility of endothelial cells

toward the hypoxic environment and in conse-

quence leads to lung epithelial remodeling.

Therefore, VEGF expression and immunoex-

pression in the serum or BALF seem to have a

prognostic value in sarcoidosis patients.

In idiopathic pulmonary fibrosis (IPF), a

chronic progressive disease leading to extensive

interstitial fibrosis, the pro-angiogenic environ-

ment has been documented. That is interesting in

the context of possible mechanisms of lung fibro-

sis in the course of sarcoidosis. In a study com-

paring sarcoidosis and IPF, the increased VEGF

mRNA expression in BALF of IPF patients, and

also lower expression of CXCL12 and CXCR4

mRNA, constitute the pro-angiogenic microenvi-

ronment (Antoniou et al. 2009). The same group

of authors reported a different profile of pro-

angiogenic (GRO-a, ENA-78, IL-8) and anti-

angiogenic (CXCR3 ligands) cytokines in

BALF, with increased levels of pro-angiogenic

cytokines in IPF (Antoniou et al. 2006). This is in

line with the observation of other authors who

found a negative correlation between angiogenic

activity of sera of patients with interstitial lung

disease and their lung diffusion capacity

(Zielonka et al. 2010).

In the present study, we also documented the

negative correlation in PB lymphocytes between

expression of mRNA of another angiogenic fac-

tor, i.e., HIF-1A and lung function (FEV1/FVC)

in sarcoidosis patients with parenchymal

involvement. It seems an important observation

due to the fact that up-regulation of HIF-1A on

the translational level may inhibit the epithelial

cell repair mechanisms, which facilitates the

development of pulmonary fibrosis. The process

of pulmonary fibrosis, as a consequence of gran-

uloma healing in the lung sarcoidosis, may

impair respiratory function and has to do with

diseases progression. Therefore, the expression

ofHIF-1AmRNAmay be useful as a progression

marker in sarcoidosis. Reassuming, up-regula-

tion of the pro-angiogenic HIF-1A and VEGF

genes observed in the present study is linked to

the acknowledged negative prognostic factors in

sarcoidosis. However, the results cannot provide

data confirming direct relationship between the

shift to pro-angiogenic environment and progres-

sion of sarcoidosis toward extensive lung fibro-

sis. That would deserve a separate follow-up

study, with the recruitment of a number of

patients with disease progression.
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Déry MA, Michaud MD, Richard DE (2005) Hypoxia-

inducible factor 1: regulation by hypoxic and non-hyp-

oxic activators. Int J Biochem Cell Biol 37:535–540

Guérillon C, Bigot N, Pedeux R (2014) The ING tumor

suppressor genes: status in human tumors. Cancer Lett

345:1–16

Hunninghake GW, Costabel U, Ando M, Baughman R,

Cordier JF, du Bois R, Eklund A, Kitaichi M, Lynch J,

Rizzato G, Rose C, Selroos O, Semenzato G, Sharma

OP (1999) ATS/ERS/WASOG statement on sarcoido-

sis. American Thoracic Society/European Respiratory

Society/World Association of Sarcoidosis and other

Granulomatous Disorders. Sarcoidosis Vasc Diffuse

Lung Dis 16:149–173

Iannuzzi MC, Rybicki BA, Teirstein AS (2007) Sarcoid-

osis. N Engl J Med 357:2153–2165

Kim KK, Kugler MC, Wolters PJ, Robillard L, Galvez

MG, Brumwell AN, Sheppard D, Chapman HA (2006)

Alveolar epithelial cell mesenchymal transition

develops in vivo during pulmonary fibrosis and is

regulated by the extracellular matrix. Proc Natl Acad

Sci U S A 103:13180–13185

Lazarus A (2009) Sarcoidosis: epidemiology, etiology,

pathogenesis, and genetics. Dis Mon 55:649–660

Piotrowski WJ, Kiszałkiewicz J, Pastuszak-Lewandoska

D, Antczak A, G�orski P, Migdalska-Sęk M, G�orski W,
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genic activity of sera from interstitial lung disease

patients in relations to pulmonary function. Eur J

Med Res 15(Suppl 2):229–234

Ziora D, Dworniczak S, Niepsuj G, Niepsuj K, Jarosz W,

Sielska-Sytek E, Ciekalska K, Oklek K (2000)

Proangiogenic cytokines (bFGF and VEGF) in BALF

from two different lung segments examined by high

resolution computed tomography (HRCT) in patients

with sarcoidosis. Pneumonol Alergol Pol 68:120–130

Expression of HIF-1A/VEGF/ING-4 Axis in Pulmonary Sarcoidosis 69

http://dx.doi.org/10.1007/5584_2014_106

	Expression of HIF-1A/VEGF/ING-4 Axis in Pulmonary Sarcoidosis
	1 Introduction
	2 Methods
	2.1 Study Group
	2.2 Collection of Biological Material
	2.3 RNA Extraction, Real-Time qPCR
	2.4 Data Elaboration

	3 Results
	3.1 Relative Expression Analysis of Genes in Bronchoalveolar Lavage Fluid Cells
	3.2 Relative Expression Analysis of Genes in Peripheral Blood Lymphocytes
	3.3 Expression of Genes in Sarcoidosis Patients vs. Controls
	3.4 Expression of Genes in BALF Cells vs. PB Lymphocytes in Sarcoidosis Patients
	3.5 Expression of Genes in Relation to Radiological and Clinical Classification and Lung Function
	3.6 Relationship Between the Expression of Genes and Lung Function, Patients´ Features, and Laboratory Markers in Bronchoalveo...

	4 Discussion
	References


