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ABSTRACT

MicroRNAs (miRNAs) are a family of small, noncoding RNAs that repress gene expression at the post-
-transcriptional level. Over 700 miRNAs have been identified in the human genome, of which 20% to 30%
regulate human protein-coding genes. Functional in vitro studies have shown that miRNAs are critical
for endothelial cell gene expression and function. miRNAs were found in atherosclerosis, cardiac hyper-
trophy, arterial hypertension, coronary artery disease, diabetes, and inflammatory diseases. We review
the current knowledge about the role of miRNAs in endothelial cells with emphasis on the regulation of
cellular senescence, angiogenesis, and vascular inflammation. It has been shown that miR-34a, miR-217,
miR-200, miR-146¢, and miR-181a are responsible for the regulation of cell stress and proliferation
processes. Proangiogenic factors include miR-130a, miR-210, miR-424, miR-17-92, miR-27-b, let-7f, and
miR-217, while miR-221 and miR-222 have antiangiogenic properties. Other known miRNAs, including
miR-31, miR17-3p, miR-155, miR-221, miR-222, and miR-126, are important factors in the regulation
of vascular inflammation. Studies show that miRNA expression analysis can be used in the diagnosis
and treatment of various diseases; however, additional research is needed before it is used in routine

clinical setting.

Introduction MicroRNAs (miRNAs) are a family

of highly conserved noncoding single-stranded

RNAs (20-26 nucleotides in length) that regulate

gene expression in eukaryotes. They were origi-
nally described in C. elegans and have since been

identified in many organisms including humans."

miRNAs silence gene expression by repressing

protein translation or by accelerating messen-
ger RNA (mRNA) degradation.? They play an im-
portant role in various physiological and patho-
logical processes including cell proliferation, dif-
ferentiation, apoptosis, and metabolism as well

as angiogenesis, oncogenesis, and hematopoe-
sis.** Over 700 miRNAs have been identified in

the human genome so far, and their sequences are

deposited in the miRNA database (http://www.
mirbase.org).’ Computational predictions suggest

that about 20% to 30% of known human protein-
-coding genes are regulated by miRNAs.

Deregulation of miRNA expression has been
reported to be associated with several human
diseases (atherosclerosis, cardiac hypertrophy,
arterial hypertension, inflammatory diseases).
Furthermore, miRNAs present in body fluids are
highly tissue specific; therefore, they could rep-
resent useful clinical biomarkers.”®

miRNAs are transcribed by RNA polymerase II
into a primary molecule (pri-miRNA). Long pri-
mary transcripts of miRNA are cleaved in the nu-
cleus by RNA-specific RNase III type endonu-
clease, Drosha, and its cofactor, DiGeorge syn-
drome critical region (8DGCRS8). The 60-70 nt
length precursor RNA (pre-miRNA) is active-
ly transported through nuclear pores by the ac-
tion of Exportin 5 (Exp5) and its partner — Ran
GTP-binding protein.®'® Pre-miRNAs are then
cleaved into ~22-nt duplexes by Dicer, a cyto-
plasmic RNAse III type endonuclease. Dicer inter-
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FIGURE Biogenesis of
microRNAs (miRNAs).
miRNAs are transcribed
by RNA polymerase Il into
primary miRNAs
(pri-miRNA). Maturation
of miRNAs is mediated by
RNase Ill endonucleases,
Drosha and Dicer, and by
numerous partner
proteins.

Abbreviations: Ago2 —
Argonaute 2, DGCR8 —
DiGeorge syndrome
critical region 8, Gemin3 —
DEAD-box RNA helicase,
PACT — protein activator
of PKR, pre-miRNA —
hairpin structures miRNA
precursor (~65 nt),
pri-miRNA — hairpin
stem-loop primary
transcript (~70 nt),
RanGTP — RanGTP-binding
protein, TRBP — trans-
-activation RNA-binding
protein, RISC —
RNA-induced silencing
complex
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acts with double-stranded (ds)-RNA-binding pro-
tein partners, such as trans-activation response

RNA-binding protein (TRBP) and protein activa-
tor of the interferon-induced protein kinase, PKR,
(PACT). In the next stage, mature miRNAs are un-
wound by helicase A and loaded into the RNA-in-
duced silencing complex (RISC)." Only 1 strand

of ds-miRNA is incorporated and the other is re-
leased or destroyed. The RISC complex consists

of the Dicer enzyme and cofactors - TRBP, PACT,
Gemin3, and Argonaute 2 (Ago2). The miRISC com-
plex interacts with mRNA and binds to the com-
plementary sequence in the 3'untranslated region

(3’UTR) of target RNA."

There are two ways of silencing gene expression
depending on the level of complementarity with
target mRNA. The nonperfect complementarity
with target mRNA leads to translational repres-
sion, while full complementarity is required for
mRNA degradation (FIGURE)."3

Specific classes of miRNAs were demonstrated
to affect the function of endothelial cells (ECs).
ECs are involved in many aspects of vascular bio-
logy, producing different factors that regulate
platelet aggregation, inflammatory cell adhesion,
smooth muscle cell proliferation, and vascular
tone.'* miRNA molecules participate in the con-
trol of EC-mediated homeostasis. Poliseno et al.”®
demonstrated 27 highly expressed miRNAs in
human umbilical vein ECs (HUVECs), most of
which were predicted to modulate expression
of receptors for angiogenesis-regulating factors
(Flt-1, Nrp-2, FGE-R, c-Met, c-Kit). The high-
ly expressed miRNAs in ECs included miR-126,

miR-221, miR-222, mir-130a, let-7 family, miR-21,
and miR-27b.}

The importance of miRNAs in EC function was
demonstrated by the knock down of the Dicer en-
zyme. Recent data have shown that silencing Dicer
results in a significant reduction of the mature
miRNA profile. The expression of several signifi-
cant regulators of angiogenesis, such as endothe-
lial cell-specific receptor kinase, vascular endothe-
lial growth factor receptor 2, endothelial nitric ox-
ide synthase (eNOS), and interleukin 8, was af-
fected. Silencing Dicer resulted in an increased
activation of the eNOS pathway and reduced EC
proliferation and cord formation.'®

Another study showed that Dicer and Drosha
are involved in the regulation of angiogenesis
in vitro. Knocking down of both enzymes alters
the reduction of capillary development and tubule
forming activity in ECs. Drosha and Dicer small
interfering RNAs (siRNAs) significantly reduced
expression of let-7a and miR-27b. The knockdown
of Dicer also decreased migration of ECs."

To examine the importance of Dicer, another
group generated Dicer®V/2 knockout mice, which
have a deletion at the two first exons of the Dicer
gene. The homozygous embryos died between 12.5
and 14.5 days of embryogenesis demonstrating
that the presence of Dicer activity is necessary
for normal mouse development.'8

The above results show that Dicer and Drosha
are the key enzymes in endothelial miRNA for-
mation and maturation and confirm that miR-
NAs are important in the physiological function
of ECs.

MicroRNAs control endothelial senescence  Senes-
cence is connected with cellular response to vari-
ous environmental stressors and damages defined
as permanent cell cycle arrest.’®?° Senescent cells
are important in atherothrombosis and are relat-
ed to various age-related diseases, including ath-
erosclerosis, and cardiovascular disorders.?' Of
note, cellular senescence plays a pivotal role in
protection against cancer.?

Several miRNAs are involved in the regulatory
mechanisms of cellular senescence of ECs. A re-
cent study indicated that miR-34a is already ex-
pressed in primary ECs and the degree of expres-
sion increases during cell senescence. miR-34a reg-
ulates proliferation and differentiation of many
cell types, for example in ECs it decreases Sir-
tuin 1 (silent mating type information regula-
tion 2 homolog; SIRT1) levels.?? SIRT1 is a longev-
ity gene that protects cells against oxidative and
genotoxic stress. Mammalian SIRT1 is a NAD*-
dependent class III histone deacetylase and func-
tions as a metabolic regulator by deacetylation of
histones and large numbers of proteins includ-
ing protein 53 (p53), Ku70 protein, nuclear fac-
tor kP (NF-xP), and peroxisome proliferator-ac-
tivated receptor y.2* Overexpression of miR-34a
in ECs decreases SIRT1 and increases acetyla-
tion of p53. Additionally, acetylated tumor sup-
pressor pS3 promotes miR-34a expression, which
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TABLE MicroRNAs implicated in endothelial cell function

Endothelial cells miRNAs Target Function
cellular miR-34a SIRT1 — p53 stress resistance
senescence miR-217 SIRT1 — FOXO stress resistance
miR-200c ZEB1 cell proliferation
miR-146a NOX4 cell proliferation
miR-181a NOX4 cell proliferation
angiogenesis antiangiogenesis ~ miR-221 c-Kit cell proliferation and migration
eNO0S vessel permeability
miR-222 c-Kit cell proliferation and migration
eNO0S vessel permeability
proangiogenesis  miR-130a GAX, HOXA5 cell proliferation and migration
miR-210 Ephrin-A3 tube formation, chemotaxis
miR-424 CUL2/HIF-1a cell proliferation, chemotaxis
miR-17-5p  TSP-1/CTGF cell proliferation and migration
miR-18a TSR/VEGFR-2 cell proliferation and migration

miR-17-92  miR-19a TSR/VEGFR-2

cell proliferation and migration

miR-20a VEGF

cell proliferation and migration

miR-92a ITG-a5

cell adhesion and cell interactions

miR-27b ND sprout formation
let-7f ND cell proliferation and migration, sprout formation
miR-217 SIRT1 — FOXO/eNOS vessel formation and maturation
vascular miR-31 E-SELE leukocyte recruitment to sites of inflammation
inflammation miR17-3 ICAM-1 cell adhesion and migration
miR-155 AT1R/VEGFR-2 cell proliferation and migration
miR-221 c-Kit cell proliferation and migration
eNO0S vessel permeability
miR-222 c-Kit cell proliferation and migration
eNO0S vessel permeability
miR-126 VCAM-1 cell adhesion and cell interactions

SPRED, PIK3R2/VEGFR-2

cell proliferation and migration

Abbreviations: AT1R — angiotensin Il type 1 receptor, CTGF — connective tissue growth factor, CULZ — cullin 2, eNOS — endothelial nitric oxide synthase,
FOXO0 — forkhead box protein 01, GAX — growth arrest homeobox, HIF-1a — hypoxia-inducible factor 1a, HOXA5 — homeobox A5, ITG-a5 — integrin a5,
ND - not determined, NOX4 — nicotinamide adenine dinucleotide phosphate oxidase 4, PIK3R2 — phosphoinositide-3-kinase regulatory subunit 2, SELE
— selectin E, SIRT — Sirtuin 1, SPRED — sprouty-related protein with an enabled/VASP homology 1 domain, TSP-1 — thrombospondin 1, TSR — protein
containing thrombospondin type 1 repeats, VCAM-1 — vascular cell adhesion molecule 1, VEGF — vascular endothelial growth factor, VEGFR-2 — VEGF
receptor 2, ZEB1 - zinc finger E-box-binding homeobox 1

accelerates suppression of SIRT1 and ultimate-
ly results in cell senescence.?* Overexpression of
miR-34a in the endothelial progenitor cells (EPCs)
also reduces SIRT1 and remarkably increases cell
senescence. Similarly, silencing SIRT1 by siRNA
resulted in reduced EPC-induced angiogenesis
and increased cell senescence.?®

Another miRNA, named miR-217, is expressed
in young HUVECs, human aortic endothelial cells,
and human coronary artery endothelial cells.
miR-217 promotes endothelial senescence through
inhibition of SIRT1, which affects functions of
the SIRT1/forkhead box protein O1 (FOXO1)
pathway.?® miR-217 was absent in young cells but
increased during endothelial senescence.?®

A recent study has demonstrated that miR-200c
influenced growth arrest, apoptosis, and senes-
cence of HUVECs in response to reactive oxy-
gen species (ROS). miR-200c targets zinc finger

E-box-binding homeobox 1 (ZEB1). Down-modu-
lation of ZEB1 protein by ROS and increased ex-
pression of miR-200c alters induction of the p53
and retinoblastoma protein tumor suppressor
pathways responsible for cellular senescence.?’
Microarray analyses have shown that miR-146a
affects cellular senescence by targeting the ex-
pression of the nicotinamide adenine dinucle-
otide phosphate (NADPH) oxidase 4 (NOX4) gene.
The NOX4 complex catalyzes the reduction of mo-
lecular oxygen to ROS in the vessel wall.?8

To summarize, decreased expression of
the above miRNAs could be considered as po-
tential therapeutic targets for delaying senes-
cence, aging processes, and cancer development
affecting EC homeostasis.

The function of microRNAs in angiogenesis Angio-
genesis is the process of new blood vessel and
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capillary network formation in the body. A large
number of miRNAs are responsible for angiogen-
esis and are expressed in ECs.'5-"729-31 Poliseno
et al.” proved that miR-221 and miR-222 are anti-
angiogenic factors and that they affect the expres-
sion of the human proto-oncogene c-Kit receptor
in ECs. Therefore, they can modulate the activity
of stem cell factor, one of the main growth fac-
tors involved in cell fate and angiogenesis. Over-
expression of miR-221 and -222 in HUVECs sig-
nificantly reduced cell migration.” Dicer silenc-
ing has revealed that miR-221 and miR-222 also
regulate eNOS in the endothelium.'® The regula-
tory mechanisms of nitric oxide (NO) are essen-
tial for angiogenesis, capillary network matura-
tion, and vascular remodeling.323?

Other important miRNAs involved in angiogene-
sis regulation are proangiogenic miR-130a, miR-210,
miR-424, miR27-b, let-7f, and the miR-17-92
cluster.® miR-130a regulates expression of growth
arrest homeobox (GAX) and homeobox A5
(HoxAS5) proteins, which inhibit angiogenesis.3
GAX is an inhibitory factor, which affects pro-
liferation, migration, and tubulogenic activity
of ECs. Also, HoxAS5 protein plays a critical role
in inhibiting tubule formation in ECs. Fasana-
ro et al.3* showed that miR-210 is induced by hy-
poxia in HUVECs and regulates Ephrin-A3. Up-
regulated miR-210 affects cell survival, migration,
and differentiation in response to hypoxia.** Over-
expression of miR-210 stimulates primary cap-
illary network formation and the vascular en-
dothelial growth factor (VEGF)-driven cell migra-
tion, while silencing of miR-210 inhibits the for-
mation of capillaries and decreases cell migra-
tion in normoxia.3

A more recent study has provided new evidence
of the novel miRNA, miR-424, which plays an im-
portant role in postischemic vascular remodeling
and angiogenesis.® miR-424 targets the 3’'UTR of
cullin 2 (CUL2) gene, inhibits CUL2 expression
and finally stabilizes hypoxia-inducible factor 1o
(HIF-1a) levels. The concentration of miR-424
is increased in hypoxic ECs and during vascular
remodeling in vivo.*® Transfection of ECs with
miR-424 construct increases expression of HIF-1a
and HIF-2q, which results in an increased prolif-
eration and migration of ECs.%

let-7f and miR-27b have been reported to play
a significant role in EC-driven angiogenesis.* In-
hibition of their expression reduces sprout for-
mation by HUVECs."

The polycistronic cluster, miR-17-92, consists
of several miRNAs: miR-17, miR-18a, miR-19a,
miR-20a, miR-19b, and miR-92a.%® miR-17-92 is
the first miRNA with oncogenic activity, which
promotes angiogenesis of tumor endothelium
through downregulation of thrombospondin 1
(antiangiogenic molecules) and connective tissue
growth factor.’” Another study has shown that
the miR-17-92 cluster targets pS3-mediated tran-
scriptional repression in hypoxia.®? Dews et al.3
suggested that miR-92a is a negative regulator
of angiogenesis in ECs. Overexpression of miR17,

miR-18a, miR-19a, miR-20a, and miR-19b down-
regulated sprouting in ECs, while silencing en-
hanced endothelial sprouting.®

MicroRNAs associated with inflammation Recent
reports have shown that miRNAs can control
vascular inflammation by controlling leukocyte
activation and infiltration through the vascular
wall.3 Vascular/endothelial effect on inflamma-
tion is a process based on white blood cells and
microvascular EC interactions. ECs, activated by
shear stress, lipopolysaccharides, or cytokines,
can modulate various mechanisms including ex-
pression of adhesion molecules and chemokines,
leukocytes rolling over the endothelium, adhesion
to vessels, and transmigration across the EC blood
vessel walls.240-41 Interactions of leukocytes with
the affected vessel wall cells are important for
the pathophysiology of atherosclerosis.*?

Suarez et al.*® used a proinflammatory cy-
tokine, tumor necrosis factor o (TNF-a), to induce
the generation of several miRNAs in HUVECs.*?
Using the microarray approach, they observed
that TNF-a increases the level of miR-155, miR-31,
miR-17, miR-191, and miR-125b. In silico analy-
ses have shown that miR-31 targets selectin E
(SELE), miR-17-3p targets intercellular adhesion
molecule 1 ICAM-1), and miR-155, miR-221, and
miR-222 cotarget Ets-1.4342 To examine the role of
miR-31 and miR-17-3p in the expression of SELE
and ICAM-1 proteins, Suarez et al.*3 transfected
HUVECs with sense and antisense miRNA an-
tagomirs. The sense miR-31 and miR-17-3b mim-
ic reduced TNF-a-induced SELE and ICAM-1 lev-
els. Overexpression of sense significantly mim-
icked reduced neutrophil/endothelial binding,
whereas the inhibition of miR-31 and miR-17-3p in-
creased neutrophil adherence to TNF-a stimulat-
ed ECs. Results of the study indicate that miR-31
and miR-17-3p are essential for the regulation of
neutrophil adhesion through the regulation of
SELE and ICAM-1 expression.*?

miR-126 is involved in vascular dysfunction and
inflammation.? Several studies have shown that
miR-126 regulates inflammatory cell migration,
capillary network formation, and cell survival.?®
miR-126 has an intronic location in the epitheli-
al growth factor (EGF)-like domain-containing
protein 7 (EGFL7) gene and regulates its tran-
scription in ECs.* Fish et al.?® demonstrated that
miR-126 regulated the response of ECs to VEGF
through modification of sprouty-related pro-
tein with an enabled/VASP homology 1 domain
(SPRED1), phosphoinositide-3-kinase regulatory
subunit 2 (B) (PIK3R2), the negative regulators
of VEGF signaling.?®*5 Harris et al.* found that
miR-126 inhibits vascular cell adhesion molecule 1
(VCAM-1) expression, which is involved in leu-
kocyte adhesion to ECs.*8 Inhibition of miR-126
increases proinflammatory TNF-a expression,
which activates NF-xp and interferon regulatory
factor 1, and finally induces expression of VCAM-1
and adhesion of leukocytes to ECs. The angiogen-
ic activity of miR-126 was shown in the zebrafish
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and mice with the knockdown of miR-126 caus-
ing aloss of vascular integrity.* Thus, miR-126 can
modify vascular inflammation through suppres-
sion of leukocyte adhesion to ECs.*

miR-155, miR-221, and miR-222 generated by
HUVECs regulate Ets-1 transcription factor.*?
Ets-1is stimulated by angiotensin II, TNF-a, and
thrombin and plays a key role in inflammation
and microtubule formation by ECs.*® In addi-
tion, miR-155 targets angiotensin II type 1 re-
ceptor (AT1R) activity.** Activation of AT1R by
angiotensin II initiates endothelial dysfunction,
structural remodeling, and vascular inflamma-
tion.*” miR-155, miR-221 and -miR-222 have been
reported to regulate inflammatory response in
ECs mediated by angiotensin II.*? miR-155 also
regulates expression of adhesion molecules in in-
flammatory ECs.*? A silent polymorphism +1166
A/C of the 3’'UTR of the ATIR gene was reported
to be a response to vascular inflammation and
cardiovascular complications.*® The presence of
+1166C allele interferes with the ability of miR-155
to interact with the binding site.*

Recent studies have revealed that microvesi-
cles, exosomes, and apoptotic bodies can trans-
fer miRNA.*® It is possible that this is a novel ge-
netic exchange between adjacent or distant cells.
The tissue-specific miRNAs released into body
fluids might serve as paracrine signaling mol-
ecules and reflect physiological and/or patho-
logical conditions. For this reason, miRNAs are
emerging as interesting, noninvasive early diag-
nostic biomarkers. Fichtlscherer et al.% suggested
that the levels of circulating miRNAs associated
with vascular and inflammatory conditions were
downregulated in coronary artery disease.’® An-
other group demonstrated that the levels of an-
tiangiogenic miR-503 is upregulated in diabetic
patients with critical limb ischemia.’’ The plas-
ma level of miR-503 is significantly increased in
these patients in comparison with controls and
can serve as a potential circulating marker of on-
going ischemia. However, there are some limi-
tations of the use of circulating miRNA as bio-
markers. Multiple parameters, such as changes in
expression in tissue, secretion of miRNA by cells,
and stability of miRNA molecules, may influence
its levels in plasma or serum. In addition, deter-
mining absolute amounts of miRNA has not been
well-established because there is no stable control
of miRNA, especially in disease conditions.

In summary, the results described above in-
dicate that several types of miRNAs can target
a different aspect of EC/vessel wall/blood ho-
meostasis. These findings also provide possible
future therapeutic intervention for diseases con-
nected with endothelial dysfunction. Circulating
miRNAs could be measured in body fluids as ear-
ly biomarkers for disease diagnosis, prognosis,
and response to treatment, but large-scale stud-
ies are required to confirm potential usefulness
as predictive markers. Knowledge about miRNAs
provides an opportunity to use antagomirs (oli-
gonucleotide inhibitors to silence endogenous

miRNAs) and miRNA mimics to modulate bio-
logical function in the pathology of diseases.
Moreover, exogenous miRNAs could be useful
in the treatment of many diseases, because they
are upstream regulators of gene expression in-
volved in modification of EC activity. Further re-
search on the roles of miRNAs in vascular disease
is required for the future development of miRNA
therapeutics.
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STRESZCZENIE

MikroRNA (miRNA) to grupa matych, niekodujgcych RNA, ktére regulujg ekspresje genéw na poziomie
potranskrypcyjnym. Dotychczas w ludzkim genomie zidentyfikowano okoto 700 miRNA, sposréd ktérych
20-30% reguluje geny kodujgce biatka. Badania funkcjonalne in vitro wykazaly, ze miRNA sg waznym
regulatorem ekspresji gendw oraz funkcji komaérek $rédbtonka. Czgsteczki miRNA zidentyfikowano w ta-
kich stanach chorobowych, jak miazdzyca, przerost mig§nia sercowego, nadcisnienie tetnicze, choroba
wieficowa, cukrzyca oraz choroby zapalne. Niniejszy artykut stanowi przeglad aktualnej wiedzy na
temat roli miRNA w komdrkach $rédbtonka i koncentruje sig gtéwnie na regulacji procesu angiogenezy
i starzenia komorek oraz stanu zapalnego naczyn. Wykazano, ze miR-34a, miR-217, miR-200, miR-146¢c
oraz miR-181a wplywaja na regulacje procesoéw stresu komdrkowego oraz proliferacje. Do czynnikdéw
proangiogennych nalezg miR-130a, miR-210, miR-424, miR-17-92, miR-27-b, let-7f i miR-217, podczas
gdy miR-221 i miR-222 wykazuja dziatanie antyangiogenne. Inne znane miRNA, takie jak miR-31, miR17-3,
miR-155, miR-221, miR-222 oraz miR-126, sa waznymi czynnikami regulujgcymi stany zapalne naczyn.
Z badan wynika, ze analiza poziomu ekspresji miRNA moze by¢ wykorzystana w diagnostyce i leczeniu
réznych choréb, jednak wprowadzenie jej do rutynowej diagnostyki klinicznej wymaga dalszych badan.
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KONKURS

Redaktor Naczelnej
Polskiego Archiwum
Medycyny Wewnetrznej

na najlepszg studencka
prace oryginalng

EDYCJA' |

Redaktor Naczelna Polskiego Archiwum Medycyny
Wewnetrznej ogtasza ogélnopolski konkurs

dla studentéw na najlepsza prace oryginalng dotyczaca
zagadnien z zakresu medycyny wewnetrzne;j.

Do udziatu w konkursie zapraszamy wszystkich studentéw
uczelni medycznych, w tym studentéw studiow
doktoranckich.

Autorzy 3 najlepszych prac otrzymajg nagrody

w wysokosci 3000 zt, 2000 zti 1000 zt, a ich prace zostang
opublikowane w numerze lipcowym Polskiego Archiwum
Medycyny Wewnetrznej, ktére w 2012 roku

po raz pierwszy otrzyma impact factor.
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Prace mozna zgtaszac od 1 listopada 2011 r. do 31 marca 2012 .

Regulamin konkursu oraz zasady zgtaszania prac znajduja sie na stronie www.pamw.pl.
Ogtoszenie nazwisk zwyciezcow nastapi 13 kwietnia 2012 r. podczas XI Krajowej Konferencji
Szkoleniowej Towarzystwa Internistéw Polskich w Warszawie. .
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