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Abstract. Renal fibroblasts from normal kidneys (NKF cells) and from kidneys with 
interstitial fibrosis (FKIF cells) were established from biopsy material. In primary and 
passage 1 cell cultures, the amount of fibroblasts was increased by a factor of 5-10 in 
cultures derived from kidneys with interstitial fibrosis as compared with cultures of 
normal origin. As tested by clonal growth and growth kinetic experiments, FKlF cells 
showed significant alterations in the proliferation capacity and generation time resulting 
in a hyperproliferative growth in primary and secondary fibroblast cultures in vitro. 
Two-dimensional gel electrophoresis experiments of [35S]methionine-labeled intracel- 
lular polypeptides revealed that FKlF cells express two proteins, p53/6.1 and p48/7.5, 
that are not present in normal kidney and skin fibroblasts. In addition, as analyzed by 
two-dimensional gel electrophoresis of medium supernatants of FKlF cells, two secreted 
proteins specific for FKlF cells could be demonstrated. Cross-feeding experiments using 
conditioned medium of FKlF cells on cultures of normal human skin fibroblasts (NSF 
cells) revealed that FKlF cells may secrete proteins into the medium or may modify 
preexisting serum factors that can induce hyperproliferation in normal dermal fibroblasts. 
As tested by serial subcultivation and clonal analysis, FKlF cells exert significant 
changes in the differentiation pattern of potentially mitotic fibroblast populations. 
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enal interstitial fibrosis is the major cause of 
uremia and progression of interstitial fibrosis is R correlated with the loss of postglomerular cap- 

illaries (1, 2). The pathogenesis of renal fibrosis as a 
consequence of acute glomerulonephritis is not under- 
stood at present. Collagen-producing cells in the renal 
cortex include at least epithelial, endothelial, and mes- 
angial cells of the glomerulus and interstitial fibroblasts 
(3). In glomerulonephritis accompanied by interstitial 
fibrosis, an increased activity of “collagen-I-fibroblasts” 
has been assumed (4). However, until now nothing was 
known about the proliferation rate and growth behavior 
of renal fibroblasts during the development of renal 
interstitial fibrosis (4). 

Cultured fibroblasts obtained from explants of var- 
ious organs have proved to be very useful for investi- 
gations of numerous metabolic disorders and inherited 
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diseases. Fibroblasts of the connective tissue of various 
organs of vertebrate and mammalian species including 
man have been demonstrated to be differentiating cells. 
Three mitotic (MF I, MF 11, and MF 111) and four 
postmitotic (PMF IV, PMF V, PMF VI, and PMF VII) 
differentiation states of fibroblasts can be characterized 
by morphologic and biochemical properties (5-8). As 
tested by clonal growth, mitotic fibroblasts show a 
differentiation-dependent decrease in the proliferation 
capacity of cell types MF I to MF I11 (6). 

In the present study we report the establishment of 
fibroblast cultures from kidneys with interstitial fibrosis 
(FKIF cells) and the use of these cells for the analysis 
of their growth and differentiation behavior in vitro. 
We will provide evidence that FKIF cells show an 
abnormal growth, i.e., hyperproliferation in vitro under 
various culture conditions. Furthermore, FKIF cells 
analyzed by two-dimensional gel electrophoresis are 
characterized by the expression of two intercellular and 
two secreted proteins which are not present in normal 
fibroblasts of either renal or dermal origin. 

Materials and Methods 
Primary Cell Cultures. Primary renal fibroblast 

and epithelial cells were established from biopsies of 
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three normal kidneys offered for transplantation, which 
were not grafted because of vascular abnormalities, and 
of five kidneys with interstitial fibrosis (Table I). Biop- 
sies were cut into l-mm3 fragments and placed into 
culture flasks (Falcon, 25 cm’), covered with Dulbecco’s 
modified Eagle’s medium (DMEM) supplemented with 
20% fetal calf serum (FCS) and antibiotics ( 5 ,  6), and 
incubated in humidified 95% air:5% C02  at 37°C. 
Medium was changed once weekly. After 4-5 weeks 
cells grown out from the explants were subcultured 
using 0.05% trypsin and 0.1% EDTA. Cell numbers 
were determined by means of a Fuchs-Rosenthal he- 
mocytometer (5). Cells were designated as passage 1 
cells. 

Clonal Cell Cultures. Passage 1 cells were trans- 
ferred into clonal cultures in order to separate renal 
fibroblasts from renal epithelial cells by clonal growth. 
Therefore, passage 1 cells were seeded at a density of 
40 cells/cm2 and incubated in DMEM containing 20% 
FCS. After 12- 14 days of culture, pure clonal popula- 
tions of either one differentiation state of fibroblasts (5, 
6) or epithelial cells were surrounded by silicone-sealed 
glass rings and trypsinized as described above. Depend- 
ing upon the cell number of pooled identical clones, 
cells were either seeded in 2-cm2 multiwell dishes or 7- 
cm2 culture dishes (Falcon) with a density of 2 x lo4 
cells/cm2. Cells grown to confluency in DMEM supple- 
mented with 10% FCS were subcultured routinely at 7- 
day intervals. In the experiments described in this study, 
a minimum of at least 90% of the cells classified as 
fibroblasts were negative for Factor VIII antigen as 
tested by the use of a monoclonal antibody directed 
against human Factor VIII (Amersham) (data not 
shown). For further analysis of fibroblasts derived from 
kidneys with interstitial fibrosis, only subpopulations 
of Factor VIII-negative cells were propagated as pure 
fibroblast cultures. 

Clone Type Frequency and Size Determination 
of Fibroblast Clones. After 14 days of culture for 
normal skin (NSF) and normal kidney fibroblast ( N U )  
clones and after 12 days for FKIF clones, clonal popu- 
lations were fixed and stained as described elsewhere 
( 5 , 6 ) .  Three pure clone types, CTF I ,  CTF 11, and CTF 
111, resulting from the proliferation of fibroblasts MF I, 
MF 11, and MF 111, and two mixed clone types CTF I/ 
I1 and CTF II/III, due to a differentiation divisions of 
MF I or MF I1 during clonal growth, were classified 
according to morphologic characteristics (5, 6). Clone 
type frequencies were determined by classifying at least 
200 fibroblast clones as recently described (6). 

The size of the pure clone types CTF I, CTF 11, 
and CTF 111, i.e., the number of cells per clone, was 
determined by counting the number of nuclei in 10 
random microscopic fields (0.093 mm’). This number 
was multiplied by a Factor F (total area of the clone, 
mm2, divided by 0.093 mm2), resulting in the average 

cell number per clone. For each clone type at least 50 
clones were analyzed. 

Low-Density Mass Cultures. Passage 1 cells trans- 
ferred as described above were seeded into low-density 
mass cultures with cell densities of 1.5-2.0 x 103/cm2. 
Four days later cells were fixed and stained as described 
elsewhere (5). The frequencies of the different mitotic 
fibroblast cell types and epithelial cells were determined 
by morphologic criteria (5, 6). 

Growth Kinetics. Pure fibroblast populations of 
FKIF cells selected as described above were seeded at 
passage number 6 (cumulative population doublings, 
CPD 16-22) at a density of 2.5 x lo3 cells/cm2 in 
medium supplemented with 20%, 1096, or 5% FCS. As 
controls, normal skin fibroblasts (NSF cells, CPD 20- 
24) were seeded at identical density and incubated in 
media supplemented as described above. In addition, 
NSF cells were incubated in medium (DMEM + 10% 
FCS) conditioned for 24 hr by either logarithmically 
growing cultures of NSF cells or FKIF cells. At various 
times thereafter, cell numbers of three parallel cultures 
for each culture condition were determined. Data were 
plotted as growth kinetic curves. 

Chromosomal Analysis. The karyotype and G- 
banding pattern of mass populations of FKIF cells (five 
cell lines) at passage levels of 3-5 were analyzed after 
incubating logarithmically growing cells in medium 
containing 0.1 pg/ml of colcemid (9). For each cell line, 
at least 50 metaphases were analyzed. 

Two-Dimensional Gel Electrophoresis of [35S] 
Methionine-Labeled lntracellular and Secreted Pro- 
teins. Pure renal fibroblast clones (CTF I and CTF 11) 
of NKF and FKIF cells selected as described above were 
labeled with 50 pCi of [35S]methionine in L-methionine- 
free medium (DMEM) supplemented with 1 mg/liter 
of L-methionine and 20% FCS for 18 hr as described 
elsewhere (6, 8, 10). After labeling, radioactive medium 
was removed and centrifuged to remove cells and cell- 
ular debris. Medium was lyophylized in 200-pl samples 
and reconstituted in 50 p1 of modified O’Farrell lysis 
buffer (6, 8, 10). Clonal cell layers were washed three 
times with phosphate-buffered saline and lysed in 100 
pl of buffer (6). After determination of radioactivity, 
aliquots of the medium and cell samples containing 
200,000 cpm and 500,000 cpm, respectively, were ana- 
lyzed by two-dimensional gel electrophoresis and sub- 
sequent computerized video gel scanning ( 10) as de- 
scribed in detail elsewhere (6, 8, lo). 

Results 
Frequencies of Fibroblasts and Epithelial Cells 

in Passage 1 Cultures. As shown in Figure 1A and C, 
passage 1 cultures established from renal explants rep- 
resent mixed populations of predominantly epithelial 
and fibroblastoid cells. Among fibroblasts all three mi- 
totic fibroblast cell types MF I, MF 11, and MF 111 
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Table I. Clinical and Laboratory Data of the Five Patients Presentinq Renal Interstitial Fibrosisa 

Patient 

1 2 3 4 5 

Cell lines 

FKIF-1 FKIF-2 FKIF-3 FKIF-4 FKIF-5 

Age (years) 40 39 56 50 46 
Sex F M F M F 
Renal disease IgA-Nb MC MN DBNS RPGN type II 
Duration of disease 2.5 0.5 3.0 1.5 0.5 

(years) 

mu 
Creatinine (mg/l 00 2.3 1.4 2.0 2.6 11.4 

Protein urea (g/day) 0.8 2.4 4.0 0.3 Unuric 

* The kidneys of all patients were diagnosed to be affected with interstitial fibrosis by Professor A. Bohle, Institute for Pathology, University of 
Tubingen. FRG, by means of light microscopy, immunohistochemistry, and electron microscopy. The donors of normal kidneys that were used 
as a source for NKF cells were in the age range of 36-47 years (NKF-1 36 years, female; NKF-2: 44 years, male; NKF-3: 47 years, male). 

IgA-N, IgA nephropathy; MC, minimal changes; MN, membraneous nephropathy; DBNS, decompensated benign nephrosclerosis; RPGN type 
II, rapidly progressive glomerulonephritis type II. 

Figure 1. Low-density mass populations of passage 1 cultures of 
cells of normal kidneys and kidneys with interstitial fibrosis. Four days 
after seeding, cultures were fixed with 3.7% paraformaldehyde in 
phosphate-buffered saline and 70% ethanol, and stained with Coom- 
assie and Giemsa solutions as described in detail elsewhere (5). (A 
and B) Cell cultures from normal kidneys. (C and D) Cell cultures from 
kidneys with interstitial fibrosis. EC, epithelial cell; MF I, fibroblast 
type I; MF II, fibroblast type II; MF 111, fibroblast type HI (original 
magnification: A and C, x36; B and D, x180). 

Table It. Frequency of Epithelial Cells and Fibroblasts 
in Passage 1 Cultures of Normal Kidneys and Kidneys 

Affected with Interstitial Fibrosisa 

YO total cells present 

Normal (n = 3) 

Epithelial cells 93.3 f 2.6 53.2 f 9.4 
Fibroblasts 6.7 f 2.6 46.8 f 9.4 

Fibrosis (n = 5) 

* Passage 1 cultures of three normal kidneys and five kidneys affected 
with interstitial fibrosis were fixed and stained (as described in Fig. 1) 
4 days after seeding. For each passage 1 culture at least 500 cells 
were classified by morphologic criteria. 

Table Ill. Frequencies of Mitotic Fibroblast Types MF 
I, MF II, and MF Ill in Passage 1 Cultures of NKF 

and FKIF cellsa 

o/o MF I, MF 1 1 ,  and MF 111 on total 
fibroblasts in passage 1 cultures 

MF I MF II MF 111 

NKF cultures 1.6 f 0.5 33.8 f 7.2 64.6 f 7.3 

FKIF cultures 39.1 k 8.0 39.7 f 3.4 21.2 f 6.2 
(n = 3) 

(n = 51 (+2343%) (+I 7%) (-67.2%) 

a Passage 1 cultures were seeded as low-density mass populations 
as described in Materials and Methods. Four days after seeding cells 
were fixed and stained as described above (Table I). For determination 
of the cell type frequencies of mitotic fibroblast types, a minimum of 
at least 200 fibroblasts were classified according to morphologic 
criteria (5) in each cell line analyzed. 

described earlier (5-7) are present (Fig. 1). Table 11- 
shows the frequencies of epithelial cells and fibroblasts 
in passage 1 cultures of NKF (Fig. 1A and B) and FKIF 
cells (Fig. 1C and D). As compared with NKF cell 
cultures, FKIF cell cultures at passage 1 comprise by a 
factor of 6.98 (P < 0.001) significantly enhanced 
amounts of fibroblasts (Table 11). 

As demonstrated in Table 111, the frequencies of 
the two mitotic cell types MF I and MF I11 are signifi- 
cantly different between passage 1 cultures of NKF cells 
and FKIF cells. In FKIF cultures, fibroblast MF I is 
enhanced by a factor of 24 and fibroblast MF I11 is 
reduced by a factor of 3x as compared with NKF 
cultures (Table 111). 

Clone Type Frequencies and Clonal Prolifera- 
tion. To test the proliferative potential of fibroblasts of 
NKF and FKIF cells, passage 1 cultures were analyzed 
for clonal proliferation. As demonstrated by the use of 
normal skin fibroblasts (NSF cell lines HH-4, HH-8, 
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and CPD 22-24) as reference cells, depending upon the 
differentiation state, mitotic fibroblasts give rise to mor- 
phologically and biochemically distinct clone types: 
clone type CTF I composed of mitotic fibroblasts MF 
I, a spindle-shaped cell; CTF I1 made up of MF 11, a 
cell of epithelioid morphology, biochemically charac- 
terized by the expression of proteins PIIa, PIIb, and 
PIIc as demonstrated by two-dimensional gel electro- 
phoresis (Fig. 2A; see also refs. $6);  CTF I11 composed 
of MF 111, a pleiomorphic cell expressing the cell type- 
specific protein PIIIa (data not shown; see also refs. 5 ,  
6) (Table IV). Due to differentiation divisions, cell type 
MF I and MF I1 can give rise to mixed clone types CTF 
1/11 and CTF II/III. 

These clone types can also be observed when renal 
fibroblasts are analyzed. Table IV shows the compari- 
son of the various clone type frequencies of NKF and 
FKIF passage 1 cultures. In NKF cultures the predom- 
inant clone type is CTF 111. CTF I or CTF 1/11 was not 

Figure 2. Expression of the MF I1 cell type-specific proteins Plla, 
Pllb, and Pllc in clone types CTF II of NSF cells (cell line HH-6) and 
FKlF cells (cell line FKIF-5) analyzed by two-dimensional gel electro- 
phoresis (acidic end to the right). 1, protein Plla, molecular mass 32 
kDa, P, 8.2; 2, protein Pllb, molecular mass 37 kDa, P, 7.9; 3, protein 
Pllc, molecular mass 40 kDa, PI 7.2. These proteins are synthesized 
in NSF and FKlF cells of MF I1 type at approximately the same 
abundance. 

present in passage 1 clonal cultures of NKF cells (Table 
IV). In FKIF cultures the predominant clone type was 
CTF 11; CTF I and CTF 1/11 reflected almost one fourth 
of all of the clone types present (Table IV). 

Each pure clone type (CTF I, CTF 11, or CTF 111) 
has a characteristic cell number reflecting the differen- 
tial proliferation capacity as well as the differential 
doubling time of the three mitotic fibroblast cell types 
(6). 

When identical pure clone types of passage 1 cul- 
tures of NKF, FKIF, and NSF cells were compared, 
FKIF cultures showed a significant increase in the mean 
size (MS) and a significantly reduced average doubling 
time (ADT) of the clone types CTF I, CTF 11, and CTF 
I11 reflecting the hyperproliferative growth behavior of 
FKIF cells (Table V). 

A comparison of clone types CTF I1 and CTF 111 
of NKF and NSF cells reveals similar data in regard to 
clone size and average doubling time, although NKF 
clones tended to be slightly smaller with slower dou- 
bling times (Table V). 

Growth Kinetic Experiments. To study this hy- 
poproliferation of FKIF cells more extensively, clones 
of the types CTF I and CTF I1 of five different FKIF 
cell lines were propagated in mass cultures. For NKF 
cells, due to the low starting number of clone types 
CTF I1 that could be pooled and although the cultures 
obtained were propagated for five additional passages, 
the cell number finally obtained was not sufficient to 
allow growth kinetic experiments with NKF cells. After 
4-6 passages NKF cultures spontaneously differentiate 
to irreversible postmitotic cultures that could not be 
propagated further. Therefore, as controls, NSF cells of 
approximately the same relative percentage of their 
total life span as compared with FKIF cells were used. 
FKIF and NSF cells were analyzed in growth kinetic 
experiments using culture media with varying serum 
concentrations (20%, lo%, 5%). 

As shown in Figure 3A, in each medium condition 
tested, FKIF cells showed significantly faster growth 
with maximum cell densities between 3.5 and 4.9 X lo5 
cells/dish (20 cm2) than the comparable control (max- 
imum cell densities between 8 X lo4 and 2.1 X lo5 
depending on the serum concentration). However, as 

Table IV. Frequencies of Fibroblast Clone Types of Passage 1 Cultures of NKF and FKlF Cells" 

Clone type frequency ("/o) 

CTF I CTF 1/11 CTF 11 CTF 11/111 CTF 111 

NKF (n = 3) - - 13.8 f 2.9 13.0 k 3.2 73.2 f 5.7 
FKlF (n = 5) 10.7 f 3.6 12.7 f 3.3 33.6 f 4.6 20.9 f 3.6 22.2 f 3.7 

_______~ 

"Clone types of passage 1 cultures ofNKF and FKlF cells were analyzed after 12 and 14 days of clonal growth. Clonal cultures were fixed 
and stained as described (5). The various fibroblast clone types were classified according to morphologic criteria (6). Clone type frequencies of 
the various clone types (percentage of total clones present) were determined by classifying at least 200 clones of the different NKF and FKlF 
cell lines. 
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Table V. Growth Characteristics of Fibroblast Clones from Normal Human Skin, Normal Kidneys, 
and Kidneys with Interstitial Fibrosisa 

Clone NSF cells NKF cells FKlF cells 

type MS ADT MS ADT MS ADT 

CTF I 5.2 f 2.1 27.2 f 3.3 - - 17.4 f 3.2 20.4 f 3.4b 
CTF II 3.7 f 1.7 28.3 f 3.2 2.1 f 0.9 30.4 f 3.1 6.8 f 2.9 22.6 f 2.8b 
CTF 111 0.3 f 0.2 40.8 f 4.4 0.2 f 0.1 42.1 f 3.9 0.3 f 0.2 34.9 f 3.8’ 

Cells were cloned as described in Materials and Methods. NSF cells, cell lines HH-4, HH-6, and HH-8 (CPD 20-24). NKF cells, cell lines NKF- 
1, NKF-2, and NKF-3, passage 1. FKlF cells, cell lines FKIF-1, FKIF-3, and FKIF-5, passage 1. MS, cell number per clone X103; ADT, hr. ADT 
was determined by counting the cell number of individual clones (CTF I, CTF II, and CTF 111) during the logarithmic growth between Days 3 and 
7. ADT was calculated according to the formula t = log 2(tn - t,)/log N-log No. At least 14 clones of each type and cell line were analyzed. 
Differences in the ADTs between NSF or NKF clones and FKlF clones were analyzed for statistical significance using the Dunnet test (1 0). 
Incubation time was 14 days (NSF and NKF cells) and 12 days (FKIF cells). NSF cell lines were established from skin biopsies of the left upper 
arm (HH-4, HH-6) of two boys and of the lower abdominal region (HH-8) of one girl, aged 7-1 1 years. Numbers represent the mean f SD. 

P < 0.05: n = 14. 

I -  
, , , I  

1 2  4 6 8 1 0 1 2  

pi A’ 

k 
1 2  4 6 8 1 0 1 2  

(Days) 

Figure 3. Growth kinetics of NSF and FKlF cells. NSF cells, normal 
skin fibroblasts: 3A-0- - -0, DMEM + 20% FCS; 0- - -0, DMEM 
+ 10% FCS; A- - -A, DMEM + 5% FCS. FKlF cells: 3A--0----0, 

+ 5% FCS. 38-NSF cells (see above): +-+,conditioned medium 
(+lo% FCS) from NSF cells; +-+, conditioned medium (+lo% 
FCS) from FKlF cells; 0- - -0, unconditioned medium (DMEM + 
10% FCS). Data shown represent the mean * SD of three NSF cell 
lines (HH-4, HH-6, and HH-11; CPD 20-24) and five FKlF cell lines 
(FKIF-1, FKIF-2, FKIF-3, FKIF-4, and FKIF-5; CPD 8-1 3). 

DMEM + 20% FCS; M, DMEM + 10% FCS; A-A, DMEM 

compared with NSF cells, the differences in the growth 
rates of FKIF cells between 20% and lo%, and 10% 
and 5 % serum supplement of the medium did not differ 
significantly, although a slight correlation of cell growth 
and serum concentration could be observed. When 
NSF cells were incubated in medium that was precon- 
ditioned by FKIF cells, NSF cells were induced to 
hyperproliferation, whereas with NSF cells grown in 
medium preconditioned by NSF cells only a slight 
increase in the growth rate was observed (Fig. 3B). 
Culture medium conditioned in the absence of cells, 
i.e., for 24 hr at 37°C in 5% COz, did not induce 
significant differences in the growth of either FKIF or 
NSF cells (data not shown). 

Chromosomal Pattern. FKIF cells of the five cell 
lines analyzed showed normal chromosomal pattern 
(2n = 46). By G-banding no chromosomal aberration, 

such as deletion or translocation, could be observed 
(data not shown). 

FKlF Cell-specific [35S]Methionine Polypeptide 
Pattern of lntracellular and Secreted Proteins. Clone 
type CTF I1 of NKF and FKIF cells expresses the same 
MF I1 cell type-specific proteins PIIa, PIIb, and PIIc as 
recently described for normal human skin fibroblasts 
( 5 ,  6, 8) (Fig. 2). When the protein patterns of total 
intracellular proteins of clone types CTF I1 and NKF 
and FKIF cells were compared, FKIF cells were found 
to express two proteins (p53/6.1 and p48/7.5) (Fig. 4C 
and D) which are not present in normal kidney fibro- 
blasts (Fig. 4A and B) or in normal skin fibroblasts 
regardless of the differentiation state (data not shown). 
One protein (p54/6.2, Fig. 4C) is expressed in FKIF 
cells at approximately 20- to 30-fold higher levels than 
in NKF cells as analyzed by computerized video den- 
sitometry of the fluorograms (data not shown; ref. 8). 

.. J I k  - 

-43k - 
I 

Figure 4. Two-dimensional gel electrophoresis of intracellular 
methionine-labeled polypeptides. (A and B) NKF cells, clone type CTF 
II, region 1 (A), region 2 (B). (C and D) FKlF cells, clone type CTF II, 
region 1 (C), region 2 (D). Five-hundred thousand counts per minute 
were applied to isoelectric focusing gels (pH-gradient 3-1 0) (first 
dimension). Second dimension separation was performed on sodium 
dodecyl sulfate-1 5% polyacrylamide gels. Designation of indicated 
proteins is: P molecular mass (kDa)/isoelectric point. 
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Two-dimensional gel electrophoresis of medium sam- 
ples of clone type CTF I1 of FKIF and NKF cells 
revealed that FKIF cells secrete at least two proteins 
(p43/7.3; and p30/7.3) (Fig. 5B) that seem to be specific 
for FKIF cells since they are not present in the medium 
of NKF cells of the clone type CTF I1 (Fig. 5A) or in 
mass cultures of normal skin fibroblasts (data not 
shown). Protein p30/7.5 is secreted by FKIF cells at 
much higher levels (approximately 10- to 12-fold as 
analyzed by computerized video densitometry) as com- 
pared with control cells (Fig. 5) .  

Discussion 
In the present study we have isolated fibroblasts 

from kidneys affected with interstitial fibrosis (FKIF 
cells). As demonstrated by the use of primary and 
passage 1 cultures, clonal culture systems, and growth 
kinetic experiments, FKIF cultures in ritro are charac- 
terized by significantly higher amounts of fibroblast cell 
types MF I and MF 11. Furthermore, the fibroblast cell 
types MF I, MF 11, and MF 111 showed hyperprolifera- 
tive behavior combined with a significantly reduced 
doubling time. 

The growth of normal fibroblasts in vitro is known 
to be dependent on the serum concentration of the 

b 
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c 3 O / Z S  430/7.3 
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Figure 5. Two-dimensional gel electrophoresis of medium samples 
from NKF (A) and FKIF cells (B) of the clone type CTF II after labeling 
with [35S]methionine. Radioactively labeled secreted proteins (p,) 
were applied in aliquots of 200,000 cpm to two-dimensional gels as 
described in Materials and Methods and Figure 3. Designation of 
proteins: p. molecular mass (kDa)/isoelectric point. Arrow indicates 
protein p.30/7.8, a major protein secreted by NKF as well as FKIF 
cells. As radioactive marker protein for quantification of the various 
protein spots by computerized video densitometry (1 0), ['4C]lacto- 
globulin (LG, rn 18.3 kDa; 3500 cpm) was added to the medium 
aliquots. 

culture medium, i.e., decreasing amounts of serum 
result in decreasing growth rates ( 1  1). This correlation 
cannot be observed with FKIF cells. In several experi- 
ments using FKIF cell cultures from five different pa- 
tients. the hyperproliferation of these cells was only 
slightly affected by the serum concentration of the 
medium. On the other hand, normal skin fibroblasts 
could be induced to hyperproliferation when cultured 
in medium conditioned by FKIF cells. Thus, these data 
may suggest that FKIF cells secrete factors into the 
culture medium that can induce hyperproliferation in 
normal skin fibroblasts. Another possible explanation 
could be that FKIF cells modify a preexisting serum 
factor, resulting in an increased mitogenic activity. 

Because of the low starting cell number of NKF 
cells in primary cultures and because of the already 
advanced differentiation state of N K F  cultures in pas- 
sage 1 (65% of the fibroblasts present are of type MF 
III), NKF cultures could not be propagated to the extent 
that would have allowed growth kinetic experiments. 
Therefore, NSF cells were used as reference cells al- 
though these cells were not appropriate but the only 
control possible. However, the comparison of NKF to 
NSF cells in the clonal analyses (Table IV, mean size 
and average doubling time) suggests that NKF cells 
would show growth kinetic curves similar to those of 
NSF cells. 

With the use of two-dimensional gel electrophoresis 
of medium samples from clonal populations as well as 
mass cultures of FKIF cells, it was demonstrated that 
FKIF cells secreted at least three proteins into the 
medium that were not present or present at only very 
low levels in the medium of either normal kidney or 
skin fibroblasts. Two of these proteins (p30/7.5 and 
p30/7.3) are most likely glycosylated isoforms of a 
protein with a molecular mass of 30 kDa and an 
isoelectric point of 7.8 as demonstrated by peptide 
mapping using protease-V8 (Rodemann, unpublished 
data). This protein is a major protein also present in 
the medium of normal NKF and NSF cells (Fig. 5 ,  
indicated by arrow). However, the third protein addi- 
tionally secreted by FKIF cells, p43/7.8, seems to be 
specific for FKIF cells. The amount of this protein 
compared with total secreted proteins of FKIF cells is 
approximately 0.6- 1 .O% as determined by computer- 
ized video scanning of the fluorograms of two-dimen- 
sional gels. Experiments are in progress to purify this 
protein from medium samples of FKIF cells and to 
analyze its function as a possible inducer of cell prolif- 
eration. 

Likewise, the biochemical nature and the possible 
function of the two intracellular proteins specific for 
FKIF cells remain to be resolved. However, these extra- 
and intracellular proteins can be used as markers for 
the biochemical characterization of FKIF cells. 

One possible explanation for the hyperproliferative 
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growth of FKIF cells in vitro could be the expression of 
protooncogenes in these cells (12, 13). In ongoing ex- 
periments purified mRNA from FKIF cells are tested 
by Northern blot analysis in order to quantitate the 
expression of c-myc and/or c-fos oncogenes. 

As analyzed in the present study, FKIF cells have 
a unique chromosomal pattern (2n = 46) and do not 
show any sign of chromosomal aberration. Thus, chro- 
mosomal abnormalities are excluded as the cause of 
hyperproliferative growth of FKIF cells. 

Taken together, the presented data indicate for the 
first time that kidneys affected with interstitial fibrosis, 
regardless of the renal disease, are characterized by a 7- 
to 8-fold increase in the total amount of fibroblasts 
present. Furthermore, these fibroblasts isolated from 
kidneys with interstitial fibrosis are characterized by 
abnormal hyperproliferative growth in vitro. By the use 
of these cultures and further biochemical analysis, i.e., 
characterization of the intra- and extracellular proteins 
specific for FKIF cells as well as analysis of the biosyn- 
thesis of collagen, we hope to elucidate the mechanisms 
triggering the fibrotic response in vivo. 
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