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A bstract: The renal interstitium structurally supports the functional renal
units and is involved in almost all renal functions. The degree of renal disfunction
strongly correlates to the changes in the tubulointerstitial compartment present in almost
all types of glomerular diseases. A phenomenon arising in such an environment is
epithelial-mesenchymal transition, i.e. a change of the cell's epithelial phenotype into a
mesenchymal one.

Histochemical, immunohistochemical and morphometric analyses were made
of 50 renal biopsies with primary glomerulopathies, as well as light-microscopy ana-
lyses of semi-thin sections embedded in epoxy resin. Double immunohistochemical stai-
nings with pairs of epithelial and mesenchymal antibodies were also done. The results
were analyzed and correlated with the clinical data of the renal function of the patients.

The immunohistochemical analyses of the atrophic tubular epithelial cells
showed a loss of expression of Cytokeratin and E-cadherin, an enhanced expression of
HLA-DRa, and a de novo expression of Vimentin and aSMA as markers for epithelial-
mesenchymal transition. The double immunohistochemical stainings with Cytoke-
ratin/Vimentin and Cytokeratin/aSMA showed a simultaneous expression of these
antigens in atrophic tubular cells. Their proliferative index was mildly enhanced. Inter-
stitial fibrosis was present in 98% of the analysed biopsies.

* Part of the Project: Tubulointerstitial changes in nephropathy (Clinical and
morphological investigations) — No. 07-80-3 funded by the Macedonian Academy of
Sciences and Arts.
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The analyses show correlations among all the changes in the tubulointerstitial
compartment as well as the concentration of creatinine in the serum as a parameter of
renal function.

The study emphasizes the usefulness of the implementation of histomorphome-
trical and immunohistochemical techniques as well as ultrastructural and molecular ana-
lyses in the process of nephropathological diagnosis.

Key words: tubulointerstitium, fibrosis, epithelial-mesenchymal transition, morpho-
metry, double immunohistochemistry, creatinine.

Introduction

The tubulointerstitial renal compartment accounts for over 80% of the
total renal volume [1] and comprises tubules and the interstitium.

The tubular segments which form the major portion of the nephron
(proximal tubules, distal tubules, Henle's loop and collecting ducts) are arran-
ged in a complex pattern and are structurally and functionally heterogeneous.

The interstitium is made of cellular elements (fibroblasts, macrophages
and dendritic cells) and an extracellular matrix (ECM) (collagen I, 11, VI, pro-
teoglycans, fibronectin, laminin and interstitial liquid) [2]. The basal mem-
branes made of collagen IV are also considered to be part of the interstitium as
they form its boundaries. The interstitial volume, according to the stereological
analyses, varies from 7-9% in the cortical compartment and 30—40% in the
inner medulla [3].

The interstitium not only supports the functional renal units, but also
takes part in a number of exchange processes, influences glomerular filtration,
and produces a variety of local and systemic hormones, such as erythropoietin
[4], adenosine, prostaglandins, etc.

Changes in the tubulointerstitial compartment have been found in
almost all glomerular diseases (with or without the presence of glomerular
inflammatory infiltrate), except in minimal change nephropathy, as well as in
some systemic diseases with renal involvement [5, 6, 7].

Beginning in the late sixties, numerous studies in this field have em-
phasized the impact of tubulointerstitial changes on the renal function [8, 9, 10,
11]. The impairment of the glomerular filtration rate (GFR), defined with the
serum creatinine level, creatinine clearance, PAH clearance and inulin clea-
rance, was found to be strongly correlated to the degree of tubulointerstitial
damage, defined with an interstitial inflammatory infiltrate, interstitial fibrosis
and tubular atrophy. Histomorphometric studies showed that the histological
degree of glomerular impairment corresponded to the intensity of the histo-
logical changes in the tubulointerstitial compartment [12, 13]. Other studies
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showed a correlation between the extent of interstitial fibrosis and the GFR [9,
11, 12] and between the extent of tubular damage and clinical parameters [14,
15, 16, 17].

The pathogenesis of the tubulointerstitial changes in primary glomeru-
lopathies is complex and can generally be divided into three consequent phases
according to the localization and the dominant cell type that is involved in each
of them [18]: phase one — glomerular damage and its spread in the tubulointer-
stitium; phase two — tubular cells produce a variety of mediators, thus contri-
buting to the progression of the renal impairment, and phase three — activation
of the fibroblasts resulting in interstitial fibrosis.

The induction of the tubulointerstitial damage in primary glomeru-
lopathies is a result of inflammation passing through the hilar glomerular zone
into the interstitium, toxic effects on the tubular epithelial cells (TECs) from the
impaired permeability of the glomeruli, immunological processes of humoral
type and haemodynamic disorders in the glomeruli [1, 5, 19, 20].

The damaged TECs are stimulated to produce various mediators and have
the main role in the formation of the secondary inflammatory infiltrate in the
interstitium, as well as in the process of fibrosis through stimulation of the resi-
dent fibroblasts and through the mechanism of epithelial-mesenchymal transition.

The phenomenon of epithelial-mesenchymal transition (EMT) is a pro-
cess during which the mature epithelial cells lose their phenotype, acquiring a
new, mesenchymal one [21].

The fibroblasts, both resident and newly formed through the process of
EMT, deposit excessive amounts of ECM [22]. They are stimulated by the
macrophages and the surrounding damaged TECs. This process results in the
destruction of the renal interstitium, obliteration and atrophy of the tubules and
peritubular capillaries and the formation of atubular glomeruli (missing the
distal nephron segment). The final result is a consequent reduction of the GFR.

Material

We analysed fifty renal biopsies in the period between 2000 and 2005,
previously diagnosed as primary glomerulopathy with standard histological and
immunofluorescent analyses. Only biopsies containing at least 5 glomeruli, cor-
tical tubulointerstitium and arteriolar segments were included in the study. The
clinical data were obtained from the clinical histories of the patients.

The control group consisted of 20 samples from kidneys nephrecto-
mised due to renal carcinoma, from the same period, with a regular renal histo-
morphology.
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Methods

All the cases were stained histochemically and immunohistochemically
and analysed on a light microscope.

The histochemical stainings included PAS, trichrom Masson and Silver-
methenamine Jones.

Immunohistochemical staining was done with monoclonal antibodies
against Cytokeratin 7 (Clone OV-TL 12/30), Vimentin (Clone V9), aSMA
(Clone 1A4), HLA-DRa (Clone TAL.1B5), E-cadherin (Clone NCH-38) and
Ki-67 (Clone MIB1). The double staining method was applied, coupling
Cytokeratin 7 with Vimentin and aSMA.

Cytokeratin 7 is an antibody directed against the intermediate filaments
of the epithelial cells from the glandular and transitional epithelium. We
analysed the presence of a signal in the different tubular segments, as well as
changes in the intensity of the staining in the atrophic tubules.

Vimentin is an antibody directed against the intermediate filaments of the
mesenchymal cells and aSMA (Smooth Muscle Actin) marking the actin
cytoskeleton of the myocytes and myofibroblasts. We specifically sought for their
presence in the atrophic tubular cells and performed a semiquantitative assessment
of the presence of tubules that contain cells positive for Vimentin and aSMA, the
results of which were expressed as a percentage of the total analysed area.

HLA-DRa as a marker for antigen-presenting cells was looked for in
atrophic tubules, and the intensity of its staining was interpreted in a
semiquantitative manner as an absent signal (-), weak positivity (+), moderate
signal (++) and strong signal (+++).

E-cadherin is a transmembrane adhesive molecule contributing to the
intercellular adhesion between the epithelial cells and we were looking for
changes in the intensity of its staining in the atrophic tubules in comparison to
those with a regular morphology.

Ki-67 was used for the determination of the proliferative index, which
was expressed as the number of cells with positive nuclei per 10 high power
fields (HPF).

For morphometric analysis, we made colour extraction of the interstitial
area on tissue sections stained with trichrom Masson, using the Lucia M—Nikon
image analysing system, and expressed the results as a percentage of the total
scanned area. Morphometry was also used to count the nuclei positive for Ki-67.

Furthermore, samples of the biopsies were embedded in epoxy resin,
cut into semi-thin sections, stained with Toluidine blue and PAS Silvermet-
henamine and analysed on a light microscope.
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Statistical analysis of the obtained data was made with commercial sta-
tistical software (StatSoft, 2001). The results were expressed as mean values,
standard deviation, minimum and maximum. The correlation analyses were per-
formed using the Spearman index of correlation (R). A p value < 0.05 was con-
sidered to be statistically significant.

Results

The analysed group of biopsies consisted of 35 biopsies from men
(70%) and 15 from women (30%), at a mean age of 41.8 (SD = 14.4; min = 15;
max = 80).

The control group consisted of 13 men (65%) and 7 women (35%), at a
mean age of 55.2 (SD = 14.41, min = 27, max = 76).

The histological analysis showed the presence of interstitial fibrosis and
tubular atrophy in all of the analysed cases, unlike the cases from the control
group.

The extent of interstitial fibrosis in the analysed group of biopsies
varied between 8.6% and 32%, with a mean value of 18.75% (SD = 5.04), whe-
reas the mean value of the interstitial fibrous tissue was 5.32% in the control
group (min = 3.4; max = 7.3; SD = 1.03). The statistical analyses showed a
significant difference in the presence of interstitial fibrosis in the analysed
group in comparison to the control group (t-test: t = 11.84; df = 68; p <0.01).

The histological analyses showed tubular atrophy in the areas of
interstitial fibrosis in all cases from the analysed group, unlike the control
group. This featured simplification of the TECs, dilatation of the tubular lumina
and reduced diameter of the tubular cross-sections. Furthermore, the analyses of
the semi-thin sections showed vacuolization of the TECs" cytoplasm, loss of the
brush border and intensive resorptive activity of the cells (Figure 1).

The immunohistochemical analyses showed that both the TECs from
the analysed group and those from the control group were positive for
Cytokeratin. Apart from that, in the analysed group the TECs of the atrophic
tubules in the areas of fibrosis showed a loss of expression for Cytokeratin
(Figure 2). These TECs also showed a less intensive and even absent signal for
the adhesive molecule E-cadherin in comparison to those from the control group
(Figure 3). On the other hand, the atrophic TECs showed a stronger positivity
for HLA-DRa than the TECs from the control group (Figure 4). The intensity
of the staining signal was assessed semiquantitatively as described above and
the statistics showed that it was significantly stronger in comparison to the
control group (t-test: t = 7.28; df = 67; p < 0.01).
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Figure 1 — Atrophic tubules, semi-thin Figure 2 — loss of expression of
section, Toluidine blue, (x1000); Cytokeratin in atrophic tubules (x400);
Slika 1 + Aipoguunu iiybyau, Slika 2 ¢t I'ybere Ha exciipecuja
ioayitieHok iipecek, Toluidine blue, Ha YUIOKepailluH Kaj aitipouyHu

(x1000) iwy6yau (x400)

T

Figure 3 — Loss of expression of E- Figure 4 — Enhanced expression of
cadherin in atrophic tubules (x400); HLA-DR in atrophic tubules (x400);
Slika 3 # [I'ybere Ha exciipecuja Slika 4 + 32oaemena exciipecuja
Ha E-cadherin xaj aitipoguunu na HLA-DRa kaj aitipoghuqnu
wyboyau (x400) wtybyau (x400)

The TECs in the areas of tubular atrophy and interstitial fibrosis also
showed cytoplasmic positivity for the mesenchymal markers Vimentin (Figure
5) and aSMA (Figure 6), which was not observed in the control group cases.
These phenomena were better visualized with the double immunohistochemical
staining method, using Cytokeratin as a first primary antibody and Vimentin
(Figure 7) or aSMA (Figure 8) as a second primary antibody. The semiquantita-
tive assessment showed that atrophic tubules with cells positive for Vimentin
and aSMA were present in less than 10% and 5%, respectively, of the total ana-
lysed area. Nevertheless, the statistical analysis showed a significant difference

in the presence of such cells in the analysed group in comparison to the control
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group (Vimentin: t-test: t = 10.06; df = 68; p < 0.01; aSMA: t-test: t = 3.94; df
=68, p <0.01).

Figure 5 — Atrophic tubules positive Figure 6 — Atrophic tubules positive for
for Vimentin (x400) aSMA (x400)
Slika 5 t Aiupoguunu iiybyau Slika 6 + Ampoguunu iwiybyau
HO3UTUUBHU HA 8UMeHIUH (x400) iio3uitiueHu Ha aSMA (x400)

Figure 7 — Double immunohisto- Figure 8 — Double immunohisto-
chemical staining with Cytokeratin 7 chemical staining with Cytokeratin 7
(brown) and Vimentin (red) (x400); (brown) and aSMA (red) (x400)
Slika 7 #+ /[leojHo umyHoxucitioxe- Slika 8 % /eojHo umynoxucitioxe-
MUCKO boerbe co yuitiokepatiur 7 (Ka- MUCKO O0erbe O YUToKepatiuH 7
¢hero) u sumeritium (upsero), (x400) (kageno) u aSMA (ypseno), (x400)

The morphometric analysis of the tissue samples from the analysed
group stained for Ki-67 showed positive nuclei in an average of 6.62 TECs/10
HPF (min = 0; max = 50; SD = 10.58). The control group cases contained 0.08
TECs/10HPF with nuclei positive for Ki-67 (min = 0; max = 3; SD = 0.83). The
statistical analysis showed a significantly greater proliferative index of the
TECs in the analysed group than in the control group (t-test: t=2.45; df = 68;
p <0.05).
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The above-stated parameters were correlated to each other, as well as to
the clinical parameters. The extent of interstitial fibrosis correlated to almost all
the markers of tubular cell injury: a significant positive correlation was found to
the presence of atrophic tubules with TECs positive for Vimentin and aSMA, as
well as to the intensity of the staining of the TECs with HLA-Dra, except with
the proliferative index in the tubular cells (Graph 1).

HLA-DRtub. Vimentin aSMA Ki-67

o 0ol Do 1|l

Fibroza

|:||:||:||:||:||:||:|.=.= . . 8

Graph 1 — Correlations between extent of interstitial fibrosis and morphological
markers for tubular injury
I'pagpuron 1- Kopeaayuu medy 3aciiatienocitia Ha ¢pubposaitia
u mopghonowkuitie lapamertipu 3a wiyOyAapHO owlilieitiysarbe

The analyses showed a statistically significant positive correlation bet-
ween the serum creatinine level and the presence of atrophic TECs positive for
Vimentin (R = 0.36; p < 0.05), for aSMA (R = 0.45; p < 0.01) and the intensity
of the staining of TECs with HLA-Dra, (R = 0.45; p < 0.01). There was no sta-
tistically significant correlation between the serum creatinine level and the pro-
liferative index in the tubular renal segment (Graph 2).

HLA-DRtub. Vimentin aSMA Ki-67

o Dl DO 1 |l

Kreatinin

HDE. _____ - e e e

Graph 2 — Correlations between serum creatinine level and morphological parameters
for tubular injury
I'paghuron 2 — Kopeaayuja medy mopghoaouikuitie iapameiipu 3a ityoyaapHo
oulillelily8are U KOHUEeHIUpayujaitia Ha KpeauuHuH 60 cepymMoill Ha iayueHiiuile
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The proteinuria was statistically significantly correlated only to the
presence of cells positive for aSMA (R = 0.39; p <0.01).

Finally, there was a statistically significant correlation between the level
of interstitial fibrosis and the serum creatinine level (R = 0,54, p <0,01) (Graph 3).
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Graph 3 — Correlation between extent of interstitial fibrosis and serum cratinine level
I'paguron 3 — Kopeaayuja medy 3acitiaitenocitia Ha ¢pubpo3saitia 60 uHitiep-
CUUUUUYMOTU U KOHUEHIUPAUUJailla Ha KpeatiliuHuHR 60 cepymoill Ha HayueHiiuile

Discussion

The results of our study suggest that in primary glomerulopathies the
TECs have an active role in the development and progression of the disease.
They convey the signal for the presence of antigens in the tubular lumina to the
cells in the interstitium and they undergo epithelial-mesenchymal transition,
thus becoming an executor of the synthesis of ECM.

According to numerous studies reviewed by Nath [1], the tubular epi-
thelial cells have antigen-presenting properties, expressing HLA class II anti-
gens, which are enhanced in cases of tubular damage. This is an important link
in the promotion of secondary inflammatory infiltrate. The results from our
study support these findings since all of the atrophic tubules in our analysed
group, unlike the control group, had TECs positive for HLA-DRa with a diffe-
rent intensity of staining.

The TECs suffer phenotypic changes due to their permanent stimulation
with numerous pro-inflammatory and pro-fibrotic mediators. The process of
EMT is a multistep process. The first step is the entry of the TECs into the cell
cycle, resulting in three possibilities: proliferation, apoptosis and EMT [23].
The proliferative index of the TECs, detected with nuclear positivity on Ki-67,
in our study was low (< 10 TECs/10 HPF), still being significantly higher than
in the control group. However, both atrophic and vital TECs expressed Ki-67,
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suggesting attempts of the TECs to repair the damage. Rastaldi et al. [14] also
noted a higher proliferative index in the tubular segment in renal biopsies from
patients with glomerulopathies.

Yang and Liu [24] identify four main consecutive events in the process
of EMT: 1. loss of adhesive properties of the epithelial cells; 2. de novo expres-
sion of Vimentin and aSMA in TECs; 3. disruption of the tubular basement
membranes (TBM); 4. migration of the cells in the interstitium where they
synthesize ECM.

Loss of expression of the adhesive molecule E-cadherin is an early
event in EMT, allowing further dissociation in the structural integrity of the
renal epithelia. This corresponds to our finding of loss of expression of E-
cadherin in both the atrophic tubules and tubules with preserved morphology in
areas of interstitial fibrosis.

The epithelial cell shifting into a mesenchymal phenotype is manifested
with a change in the cellular morphology. In our study, we noticed that the
atrophic tubules, besides dilatation of their lumina, also showed a spindle mor-
phology of their epithelial cells. These cells were positive for Vimentin and
aSMA, unlike the TECs from the control group. Furthermore, all the tubules
having cells positive for mesenchymal markers also showed expression for
Cytokeratin, which was visualized by double staining. However, the intensity of
the staining with Cytokeratin was markedly lower than in non-atrophic tubules
and the tubules from the control group. Such properties make these cells po-
tential candidates for EMT. These findings are consistent with those of Rastaldi
et al. [14].

In our study the presence of atrophic tubules positive for aSMA was
significantly lower than the presence of atrophic tubules with cells positive for
Vimentin. This is explained by the fact that Vimentin marks all cells with a me-
senchymal cytoskeleton, while only myofibroblasts, a subpopulation of fibro-
blasts, are positive for aSMA as a marker for their activation [25].

The final common pathway for many kidney lesions is renal fibrosis.
The destructive fibrosis in the interstitial renal compartment initiates a vicious
circle which progressively worsens the renal function [1, 22]. The results from
our study, where the extent of interstitial fibrosis of more than 9% was found in
49 cases (98%) of the analysed group, are consistent with other studies [5, 6, 7].
Bearing in mind that interstitial fibrosis is also a component of an ageing kidney
[1], our analyses showed that there was not any significant correlation between
the age of the patients from the analysed group and the extent of interstitial
fibrosis.

A few morphometric studies [9, 11, 12, 15] have suggested that the cli-
nical parameters for renal function correlate better with the extent of the
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interstitial fibrosis than with the degree of glomerular damage. These findings
have generated the theory that once the glomeruli are damaged to a certain ex-
tent the progression of the renal disease becomes an irreversible process, depen-
ding on the status of the tubulointerstitial compartment.

The results of our study show the existence of a positive correlation
between the extent of interstitial fibrosis and the clinical parameters for renal
function. A strong positive correlation (R = 0.54; p < 0.05) was found with the
serum creatinine level. Opposed to this, the proteinuria was not significantly
correlated to the extent of interstitial fibrosis, which is inconsistent with the
findings of other researchers [26, 27, 28, 29] and corresponds to the results of
our previous study [30], as well as to the study of Rastaldi et al. [14]. A possible
explanation for this is the fact that it is the quality and not the quantity of the
proteins in the urine that contributes to the progression of the disease.

In conclusion, our study confirms the role of the tubular epithelial cells
in the process of interstitial fibrosis and the progression of renal disease, inde-
pendently of its etiology. An important event for the generation of myofibro-
blasts and excessive deposition of ECM is the epithelial-mesenchymal transi-
tion. These findings render the histomorphometric and immunohistochemical
analyses of the changes in the tubulointerstitial compartment valuable tools for
the assessment of the prognostic factors in primary glomerulopathies.
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’Kaunuxa 3a negpponozuja, Kaunuuku uenitiap, Croiije, P. Makedonuja
‘Makeoowncka axademuja na nayxuitie u ymeiurnociuuitie, Croiije, P. Maxeoonuja

ByOpexxnnor wuHTEpcTHIUYM 00e30efyBa CTPYKTypHa IOAApIIKAa Ha
¢yarumroHanHuTe OyOpEeKHW EAWHWIN, NCTOBPEMEHO YUYECTBYBajKM BO PEYUHCH
cure Oyopexuu ¢pyHkuuu. CreneHoT Ha OyOpeskHa NUC(YHKIMja CHIIHO IO3H-
THUBHO KOpEJIUpPa CO MPOMEHUTE BO TYOYJIOMHTEPCTUILU]aIHIOT KOMIIAPTMaH, KOU
ce HajJIeHn CKOPO Kaj CUTe BUIOBH IioMepyJiapan 3a0onyBama. Enen o penome-
HHUTE KOM CE CIydyBaaT BO BAaKBO ONKPYXKYBame € EMUTETHO-ME3eHXMMaHaTa
TpaH3uUIja, ONHOCHO TPOMEHA Ha (PEHOTHUIIOT HA EMUTEJHUTE TYOyIapHHU KIETKU
BO ME3€HXUMAIIEH.

HanpaBeHu ce XHCTOXEMUCKH, IMYHOXUCTOXEMHCKU U MOP(POMETPUCKA
anamm3u Ha 50 OyOpeskHW OWONCHHM Off NMPUMApPHU TIIOMEPYJIONaTUu, Kako u
CBETIIOCHO-MHUKPOCKOIICKY aHAJIN3U Ha MOJYTEHKHU Npecelid BKaJaneHn BO CMOJIa.
Hamnpasenu ce u IBOjHE MMYHOXHCTOXEMHUCKH OO€Ha CO MPHUMEHA Ha MapOBH Off

* Hen op mpoekror TyOyTOMHTEPCTULMja HA TPOMEHH TpU HepomaTuure —
HepuTrTe (KIMHAYKO-MOPMOIIOIKY ucienyBamwa) — 6p. 07-80-3, ¢uHaHcupan of MakenoH-
CKaTa aKajieMHja Ha HAyKUTe U YMETHOCTHTE.
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€flcH ENUTENECH U €[EH Me3eHXuManeH Mapkep. Jloomenure pesynaratu Oea cra-
TUCTUYKY aHAJIU3UPAHU U KOPEIUPAHU CO KIMHUYKUTE NOAATOLM 3a OyOpexkHaTa
(pyHKIIMja Ha TAI[ICHTHTE.

MMyHOXUCTOXEMUCKUTE aHAIU3U HA aTPO(PUYHUTE TYOylapHU €NUTEIHU
KJIEeTKM MOoKaxkaa rybeme Ha ekcrpecuja Ha Cytokeratin u E-cadherin, 3ronemena
ekcnpecrja Ha HLA-DRol, Kako MapKep 3a aHTUI€H-NPE3EHTUPAUKH KJIETKH, KaKo
u de novo ekcripecdja Ha Vimentin 1 oSMA, KaKo MapKepH Ha €NUTeIHO-MEe3€eH-
XUMaJjHaTa TpaH3uiyja. [IBojHITEe IMyHOXUCTOXEeMHCKN Ooema co Cytokeratin/Vi-
mentin 1 Cytokeratin/aSMA mokakaa ICTOBpeMeHa eKCIpecHja Ha OBUE aHTUTECHU
Kaj aTpoguyHUTEe TyOynapHu KneTkKu. [1okpaj Toa, Oellle yCTAaHOBEH JIECHO 3r0-
JeMeH nponugepaTuBeH uHAeKc Kaj uctute. Kaj 98% op ucnurysanute 6uoncuu
6ellle yCTaHOBEHO MOCTOEH-€ Ha MHTepcTHInjaiHa ¢pudposa.

Amnanusure nokaxaa MefyceOHa 3aBUCHOCT HAa CUTE OIMILIAHU IPOMEHU
BO TyOYJIOMHTEPCTHIMjATHIOT KOMIApTMaH, KaKO M KOpeJal[ii CO KOHIEHTpa-
ujaTa Ha KpeaTWHWH BO CEpYMOT, Kako OMTEH IapameTap 3a IpolieHa Ha 0yoO-
pexxHaTa (PyHKIHja.

Cryamjata ykaxyBa Ha KOpHCTa Off KOMOMHHpaHaTa NpUMEHAa Ha XU-

cToMOp(OMETPUCKA ¥ UMYHOXMCTOXEMHCKA TEXHUKA, KAKO U YIATPaCTPYKTYpHH U
MOJIEKYJIapHU aHAJM31 BO MPOLECOT Ha HE(PPONMATOOIIKA AUjarHOCTHKA.

Knyunn 360poBu: TyOyjouHTepcTUiyM, (puOpo3a, €NUTEIHO-MEe3eHXUMaJlHa
TpaH3u1uja, MOphOMeTpHja, ABOjHA UMYHOXICTOXEMH]ja, KPEaTHHHH.
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