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Abstract: The interstitium is the extravascular intertubular space of the renal
parenchyma, which provides structural support to the functional renal units and is
included at the same time in nearly all renal functions. Alterations to this renal
compartment have been found in almost all glomerular diseases. During the last thirty
years the studies of a few groups of investigators have shown that the degree of the
renal dysfunction is strongly correlated with the changes in the tubulointerstitial
compartment.

We made a morphometric study of a group of 10 renal biopsies, previously
diagnosed as IgA nephropathy or membranoproliferative glomerulonephritis. For mor-
phometric analysis we made colour extraction of the interstitial area on tissue sections
stained with trichrom Masson using the LUCIA M-NIKON image analysing system
with integrated software for statistical analysis of the data. We measured the surface of
the marked fields and the results were expressed as a percentage of the total scanned
area. The results were correlated with the serum creatinine at the time of biopsy.

We found fibrosis occupying more than 10% of the tubulointerstitial surface in
all 10 patients. Six of them had a moderate level of fibrosis, occupying more that 20%
of the tubulointerstitial space. The statistical analysis of these results showed a significant
correlation between the degree of the interstitial expansion and the serum creatinine.
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The results showing the correlation between these parameters will enable the
quantitative histological analyses to be included in the process of the nephropatho-
logical diagnosis in order to evaluate the histological risk factors in glomerular diseases.
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Introduction

The interstitium is the extravascular intertubular space of the renal
parenchyma comprised of cellular elements and extracellular substances. From
a morphological and functional point of view, the renal interstitium is divided
into cortical and medullar interstitial compartments. The relative interstitial
volume is different in various parts of the kidney and it increases going from the
cortex to the medulla. According to the morphometric measurements done on
experimental animals, the interstitial volume comprises 7-9% of the cortical
compartment without the periarteriolar connective tissue and 30-40% of the
inner medulla [1].

The interstitium with its elements structurally supports the functional
renal units, but that is not its only function. It is involved in mediation and regu-
lation of almost all exchange processes between the tubular and vascular
elements of the renal parenchyma; it influences the glomerular filtration through
the tubuloglomerular feedback mechanism; it influences the growth and diffe-
rentiation of the parenchymal cells; it is involved in the production and regula-
tion of the extracellular matrix; it influences the function of the peritubular
microvasculature; the interstitial cells produce a variety of local and systemic
hormones.

The pathological changes in the tubulointerstitial renal compartment
responsible for the progression of kidney diseases with various ethiologies are
called tubulointerstitionephritides (TIN). Histologically, these changes are pre-
sented with inflammatory infiltrate, oedema or fibrosis of the interstitium and
tubular atrophy. On the basis of the existence of association between the patho-
logical changes in the tubulointerstitial compartment and changes in other renal
segments, the TIN is classified into primary (where pathological changes are
concentrated in this renal compartment, without any previously existing disease
in the other renal segments) and secondary (which is associated with diseases
primary localised in the glomeruli, but also vascular, cystic, obstructive and
other diseases).

Until the end of the sixties, the changes in the tubulointerstitial compar-
tment of the kidney accompanying the glomerular diseases were thought to be
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secondary manifestations without any clinical importance. During the last thirty
years a few groups of investigators have focused their research on these
changes, being able to show a strong correlation between the degree of the renal
dysfunction and the changes in the tubulointerstitial compartment, as opposed to
the weak correlation with the degree of the glomerular abnormalities [2, 3, 4].

Changes in this renal compartment have been found in almost all
glomerular diseases — with or without the presence of glomerular inflammatory
infiltrate (membranous nephropathy, membranoproliferative glomeruloneph-
ritis, focal-segmental glomerulosclerosis, IgA nephropathy, diffuse proliferative
glomerulonephritis), with the exception of the minimal change nephropathy, as
well as some systemic diseases with renal manifestations (lupus nephritis,
diabetic nephropathy, etc.) [5, 6].

Material and methods

Material

The study was done at the Institute of Pathology, Faculty of Medicine
in Skopje, in collaboration with the Department of Nephrology, Clinical Centre,
Skopje, and the Macedonian Academy of Arts and Sciences. The study included
morphometrical analyses of 10 renal biopsies, diagnosed previously with stan-
dard histological and immunofluorescent analyses as IgA nephropathy (IgAN)
or membranoproliferative glomerulonephritis (MPGN). For the study we used
biopsies analysed in the period between 2000 and 2004. The final analyses
included only biopsies from those patients for whom laboratory data for the
estimation of the renal function at the time of biopsy were available.

Methods

We used sections from biopsies previously being treated with standard
histological technique. The sections with a thickness of 4-5 pu were stained with
trichrom Masson, a histochemical staining that highlights the collagenous tissue
(Fig. 1).

For the morphometrical analyses, in order to evaluate the extent of the
fibrosis, we used the LUCIA M-NIKON image analysing system with inte-
grated software for statistical analysis of the gathered data.

Using the image analysing system, we made a colour extraction of the
cortical interstitial compartment, avoiding the perivascular and the subcapsular
space (Fig. 2). The measurements were made on 10 high-power fields (x400) on
each biopsy cylinder. We repeated the measurements ten times for each visual
field in order to avoid possible errors due to subjectivity in the colour

Tpunosn, Onpn. 6uom. Mex. Haykn XXVI/1 (2005) 51-59



54 S. Kostadinova-Kunovska, G. Petrusevska, et al.

extraction. The surface of the marked fields was measured and the results were
expressed as a percentage of the total scanned area. After that, we calculated the
mean values with standard deviation, minimal and maximal values with the
integrated software. Finally, we calculated the mean values for the extent of the
collagenous tissue in the entire renal biopsy cylinder.

Figure 1 — Trichrom Masson, x 400
Cnuka 1 — Trichrom Masson, x 400

Figure 2 — Colour extraction of the collagenous tissue

Cnuxka 2 — Kosop ekcrpaknuja Ha KOJAOr€¢HO TKHBO
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The results were statistically correlated with the serum creatinine levels
at the time of the biopsy using the STATISTICA commercial statistical
software for Windows.

Results

The ten patients whose biopsies were analysed were between 17 and 64
years of age (mean 40.2), all of them being male.
The clinical and demographic data of the patients, as well as the results

from the histopathological and morphometrical analysis, are summarized in
Table 1.

Table 1 — Tabena 1
Clinical and demographic data of the patients and histological and morphometrical
findings of their biopsies

Kaunuuxu u demozpagcku tiodattioyu 3a ayueHimuimie u XuciiiosouKu
U MOPPOMETPUCKU HAOOU 00 HUBHUIe Ouoiicuu

Patient | Sex Age | Histopathologi | Serum creatinin | Interstitial
cal diagnosis pmol/L fibrosis (%)
1 M 45 IgAN 134 22.2
2 M 42 IgAN 139 23.6
3 M 20 IgAN 91 14.7
4 M 17 IgAN 52 17.3
5 M 29 MPGN 91 234
6 M 64 IgAN 189 28.9
7 M 46 IgAN 171 24.3
8 M 56 IgAN 74 19.7
9 M 49 MPGN 134 32
10 M 34 IgAN 110 23

Histopathologically, 8 of the patients had IgAN and 2 patients had
MPGN.

Clinically, the values of the serum creatinine were between 52 and 189
pmol/L (normal values 45-109 pumol/L).

The morphometrical analyses showed an extent of interstitial fibrosis
between 13 and 32%. Four of the biopsies presented a low extent of fibrosis
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(10-20%) and 6 biopsies had interstitial fibrosis between 20 and 40%, meaning
that most of the patients had a moderate extent of interstitial fibrosis in their
renal biopsies.

The statistical analysis of the data showed a strong correlation (Pearson
Product-moment correlation r = 0,7, p < 0,05) between the serum creatinine
level at the time of the biopsy and the extent of the interstitial fibrosis (see
Graph 1).

Graph 1 — I'pacduxon 1

CREATININ vs. FIBROSIS
FIBROSIS% = 13,158 +,08229 * CREATININ
Correlation: r = ,69800

FIBROSIS(%)

12 ~O. Regression
40 60 80 100 120 140 160 180 200 95% confid.

CREATININ (mcrmol/L)

Correlation between the serum creatinine level at the time
of the biopsy and the extent of the interstitial fibrosis

Kopeaauuja medy Hugoitio Ha KpeaitiuHUHOUL 80 CEPYMOI 80 8PeMELO
Ha ussedysarbe Ha OyOpexcHailia buoiicuja u citieileHOol
Ha uHitepciiuyujaitia pubposa

Discussion

All progressive renal diseases finally result in a process of destructive
fibrosis in the tubulointerstitial compartment [7, 8]. This is a result of various
complicated interactions among the cells of the inflammatory infiltrate, the
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damaged tubular epithelial cells and the resident interstitial fibroblasts, under
the influence of the numerous mediators that modulate the process of the final
collagen production [9].

The histomorphometrical analyses performed in many studies showed a
strong correlation between the intensity of the interstitial inflammatory infiltrate
and the fibrosis on the one, and the glomerular filtration rate (GFR) and the
serum creatinine level on the other hand [4, 10, 11]. The results of many inve-
stigations show that these parameters are useful in the estimation of renal
survival, not overlooking the degree of the glomerular changes [7, 12].

The fact that the values of serum creatinine, as one of the parameters for
estimating renal function, are increased in those patients with glomerular
diseases that also manifest marked interstitial changes, can be explained by the
expansion of the interstitial space with consequent reduction of the number and
area of the postglomerular blood vessels, thus reducing the glomerular blood
flow. Besides that, the expansion of the cortical interstitium on the one, and the
vasoactive effects of numerous mediators produced by the inflammatory cells
and the damaged tubular epithelial cells on the other hand, result in deranged
functional and nutritive vascularization of the tubular epithelium. These mecha-
nisms reduce its resorptive and secretory function. The reduced resorption of
sodium followed by an increase of its concentration in the distal segments of the
tubular system activates the tubuloglomerular feedback and reduces the glome-
rular blood flow and GFR [7].

Our investigation confirmed the other researchers' findings of the exi-
stence of fibrosis in the renal cortical interstitium in patients with glomerular
diseases, as well as its correlation with the values of serum creatinine as an
indicator of the renal function. The biopsies from all ten patients included in our
series showed interstitial fibrosis greater than 10% which, according to the
literature data based on stereological measurements, is considered to be the
upper limit for the normally present collagenous tissue in the interstitium.
Besides that, in 6 of them the extent of the fibrosis was of moderate grade,
above 20%. The statistical analysis of the results showed a strong positive
correlation (r = 0,7) between the degree of the interstitial expansion and the
serum creatinine level.

Conclusion

The above-stated findings lead to the conclusion that the employment of
quantitative microscopic analyses (which are simplified with the development
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of computer technology) in the process of the nephropathological diagnosis
could be useful in the evaluation of the histological risk factors in glomerular
diseases. The correlation between the clinical parameters for estimation of the
renal function and the results of the histomorphological evaluation of the
changes in the tubulointerstitial compartment give valid parameters for the
prognosis of the progressive renal dysfunction.
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Peszume

XUCTOMOP®OMETPUCKA AHAIIN3A HA ®PUBPO3ATA
BO MHTEPCTUITUJAITHNAOT BYBEPEXEH KOMITAPTMAH

Cnasrna Kocraguaosa-Kynoscka', Topnana ITeTpymesckal,
Py6enc JoBarosuk!, Jlagucinasa I'paescka?, Momup ITonenakoBuk>?

' Uncratyr 3a naronoruja, Megunuacku pakynrer, Ckomje, P. Makegornja
2K aunuka 3a negpponozuja, Kaunuuku yenitiap, Croiije, P. Makegorunja
*Maxeooncka axademuja na naykuitie u ymeitnociuuite, Ckoiije, P. Makegornnja

VHTEpCcTHIIMYMOT € eKCTPaBaCKyJIApHUOT MHTEPTYOYJIapeH MpOCTOp Ha
OyOpeskHIOT MapeHXUM KOj CO CBOUTE IpajOeHM eleMeHTH obe30efyBa CTpYK-
TypHa NOAApIIKa Ha (PyHKIMOHAJHUTE OyOpeXXHW E€NMHUIM, HO HUCTOBPEMEHO
y4ecTByBa BO peuncu cute OyOpexkHu yHkiun. [Ipomenn Bo oBOj OyOpekeH
KOMIIApTMaH Ce HajIeHU CKOPO Kaj CUTe BUJOBU IIIOMEpYIapHU 3a0onyBama. Bo
TEKOT Ha IOCJEHUTE TpPUECETHUHA TOfUHU UCIHATYBamaTa HAa HEKOJIKY IpyIH
WCTpakKyBauM IMOKaxkaje jfleKa CTeNeHOT Ha OyOpexkHaTa AUCHYHKIHUja CHITHO
HO3UTUBHO KOPENHpPa CO IPOMEHNUTE BO TYOYJIOMHTEPCTULUjATHAUOT KOMIAPTMaH.

HanpaBusme MopcomeTpucka cryauja Ha 10 6yOpeskHu 6MOICHM Kaj Kou
CO TPETXOfIHA XUCTOJIONIKA aHANu3a € iujarHocTuiupana IgA HedponaTuja nnu
MeMOpaHonponugepaTuBeH riomMepynoHedpuruc. 3a MopOMETPUCKA aHANIHU3a
Ha npecenute 60eHu co trichrom Masson € KOpUCTEH CUCTEMOT 3a aHalu3a Ha
cimmkata LUCIA M-NIKON co unTerpupan copTBep 3a cTaTUCTHYKa 0O0padboTKa
Ha JoOHeHMTe MopjaTouy. MepeHa e MOBpIIMHATA Ha OOeJeXEHUTe NOJuHha, a
pe3ynTaTuTe ce M3pa3eH! KaKo MPOLEHT Off BKYIMHATa aHAJU3WpaHa MOBPIINHA.
Hanpasena e Kopenanuja co BpeAHOCTUTE HAa KPEATUHUHOT BO CEPYMOT BO BpeEMe
Ha U3BeJyBambeTO Ha OyOpekHaTa GUorchja.

Kaj cure 10 manuenTu e HajueHa ¢pubpo3a Koja 3adaka noseke ox 10%
of1 TyOyJonHTepcTHIMjaHaTa noBpimHa. Kaj 6 on HuB pubposara e o yMepeH
crenied n HagMuHYBa 20%. CTaTrCcTHYKAaTa aHANIN3a Ha TOOWEHNUTE PE3yITaTH 110-
Kaka 3HaYMTeNlHa TIO3NTHBHA KOpelanyja Mel'y CTelleHOT Ha MHTePCTUINjajTHaTa
eKCIaH3Wja ! KOHIEHTpalyjaTa Ha KpeaTHHIHOT BO CEPYMOT.

JloGueHnTe pe3yaTaTé 3a NOCTOEHE Ha Kopelaiuja Mefy oBue mapa-
METpH, OTBOpaaT MPOCTOP 32 BKIYUyBamke HAa KBAHTUTATUBHHUTE XHCTOJIOLIKA
aHaNW3M BO HepomaToNomKaTa JUjarHOCTHYKa MpoLefypa co Le NPoleHKa Ha
XUCTOJIOIKNUTE (PaKTOPU HA PU3UK Kaj [IIOMEPYIapHUTE 3a00yBambAa.

Kayunu 360poBm: TyOGynomHTepCcTUIMYM, (prOpO3a, CEPYMCKH KpPEaTHHHUH, MOP-
¢domeTpuja
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