Clinical/and Experimental

ATOLOGY

Clin Exp HEPATOL 2020; 6, 2: 131-136
DOI: https://doi.org/10.5114/ceh.2020.95529
Received: 09.01.2020, Accepted: 08.03.2020, Published: 21.05.2020

Original paper

Collagen-driven remodeling of the intrahepatic
duct wall in the PCK rat model of polycystic kidney

disease-Caroli syndrome

Rithika Narayan', Jingsong Li?, Anthony J. Pellicano?, Itzhak D. Goldberg?

'Department of Science, Elwood John H. Glenn High School, New York, USA

?Angion Biomedica Corp., New York, USA

Abstract

Aim of the study: Autosomal dominant polycystic kidney disease (ADPKD) is characterized by formation and
expansion of cysts within the kidney. Caroli syndrome (CS) is characterized by cystic saccular dilatation of intra-
hepatic ducts. Kidney and liver images from a model of ADPKD-CS were evaluated to characterize remodeling of
the cystically dilated intrahepatic duct wall and the renal cyst wall.

Material and methods: Archival digitized images from Masson’s trichrome-stained renal and Picrosirius red
(PSR)-stained renal and hepatic cross-sections were sourced from the PCK rat model of ADPKD-CS, and age-
matched Sprague-Dawley rats (wild-type). Cross-sectional areas and wall thicknesses of renal cysts and intrahe-
patic ducts were measured. Circularly polarized PSR microscopy was utilized to observe accumulation of collagen
and identify its subtype.

Results: In the PCK rat model of ADPKD-CS, renal cysts were relatively thin-walled in comparison to intrahepatic
ducts with renal cyst cross-sectional area to wall ratio 47-fold greater than the corresponding ratio in intrahepatic
ducts. Increasing intrahepatic duct cross-sectional area was accompanied by a rapid and steep rise in wall thick-
ness. There was a weak but significant direct correlation (r = 0.49, p = 0.037) between renal cyst cross-sectional
area and wall thickness. Circularly polarized Picrosirius red microscopy revealed collagen | accumulation within
the walls of dilated intrahepatic ducts but not renal cysts.

Conclusions: These data suggest that unlike renal cysts, cystically dilated intrahepatic ducts undergo colla-
gen-driven wall remodeling in the PCK rat.
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Introduction

Autosomal dominant polycystic kidney disease
(ADPKD) is caused by mutations in the polycystic
kidney disease 1 (PKDI) or 2 (PKD2) gene and is char-
acterized by formation and enlargement of fluid-filled
cysts in the kidneys [1]. Caroli syndrome (CS), also
a rare disease, is genetically acquired via a mutation in
chromosome 6 (polycystic kidney and hepatic disease 1
(PKHDI) gene), and is characterized by cystic sac-
cular dilatation of fluid-filled intrahepatic ducts [2].

Renal cysts have been reported to rupture, causing
a host of complications including hematuria, perito-
nitis, septic shock and even death [3-6]. By contrast,
rupture of cystically dilated intrahepatic ducts has not
been reported.

The PCK rat carries a mutation in the PKHDI gene
but phenotypically resembles ADPKD and CS [7, 8].
Kidney and liver images from PCK rats were evaluated
to test the hypothesis that the cystically dilated intra-
hepatic duct wall but not the renal cyst wall undergoes
adaptive remodeling.
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Material and methods

Image analysis

Archival digitized images from Masson’s tri-
chrome-stained renal and Picrosirius red (PSR)-stained
renal and hepatic cross-sections (0.5%, 4x or 10x) were
sourced from a drug-naive male PCK rat (7 months)
and age-matched male Sprague-Dawley rats (wild-
type) from a previous study [8]. Renal cysts (n = 18)
were examined from 9 PCK rats; wild-type kidneys
were cyst-free. Intrahepatic ducts (n = 26) from
9 wild-type animals were examined; n = 28 intrahepatic
ducts were examined from 8 PCK rats. Images were
analyzed using Image]. Wall thickness was measured at
3 randomly selected but distinct loci along the cyst and
duct walls, averaged, and expressed in mm; renal cyst
cross-sectional area and intrahepatic duct cross-sec-
tional area were expressed in mm?. Circularly polarized
PSR microscopy was utilized to observe accumulation
of collagen and identify its subtype based on the bire-
fringence pattern [9].

Statistical analysis

Data are expressed as average + standard error of
mean. Between-group differences were calculated us-
ing Student’s t-test and a p-value < 0.05 was assumed
significant. Correlations between cross-sectional area
of the cyst or duct and its wall thickness were made
and curve-fit using Microsoft Excel. Renal cyst and
intrahepatic duct collagen content was expressed as
a percentage of the field area under observation.

Results

Livers from the wild-type cohort exhibited nor-
mal intrahepatic ducts (Fig. 1A, B) whereas livers
from PCK rats exhibited cystically dilated intrahepatic
ducts (Fig. 1A, C). Cross-sectional area of the intra-
hepatic duct was ~5-fold greater in the PCK cohort
vs. the wild-type cohort (Fig. 1D). Nevertheless, duct
wall thickness was more pronounced, ~27-fold great-
er, in the PCK liver compared to the wild-type cohort
(Fig. 1E). Thus, the ratio of duct cross-sectional area to
wall thickness was reduced in the PCK liver compared
to the wild-type liver (Fig. 1F).

The renal parenchyma of wild-type animals was
cyst-free (Fig. 2A, B), whereas PCK rat kidneys were
punctuated with numerous cysts enclosed by rela-
tively thin walls (Fig. 2A, C). In fact, the cyst wall was
ruptured in one or more places in many of the larger
renal cysts (Fig. 2D, E, arrows). Cross-sectional areas

and cross-sectional area to wall ratio of intrahepatic
ducts (wild-type and PCK) and renal cysts (PCK) were
compared. Renal cysts had much larger cross-sectional
areas than intrahepatic ducts (Fig. 3A). Equally strik-
ing, cross-sectional area to wall ratio of renal cysts was
multiple times larger than that of the ducts (Fig. 3B).

To determine the relation between cross-section-
al area of a duct or cyst and its wall thickness, these
variables were plotted against each other. Intrahepatic
duct wall thickness rose rapidly as a function of duct
cross-sectional area and subsequently plateaued, a rela-
tion best described by a logarithmic function (Fig. 4A).
In renal cysts, increasing cross-sectional area was ac-
companied by a slowly progressing (slope = 0.0028)
increase in wall thickness (Fig. 4B). The linear correla-
tion between these variables in renal cysts was weak
but significant (r = 0.49, p = 0.037).

Circular polarized PSR microscopy was used to
determine wall composition of intrahepatic ducts and
renal cysts. Duct walls appeared a bright yellow-or-
ange (Fig. 5A, B) characteristic of collagen I deposition
(Fig. 5E). By contrast, no collagen deposition was evi-
dent along renal cyst walls (Fig. 5C-E).

Discussion

The PCK rat model of ADPKD-CS is characterized
by the presence of multiple renal cysts and cystically
dilated intrahepatic ducts. Compared to the cyst wall,
the duct wall is relatively thick. Intrahepatic duct wall
thickness increases rapidly as a function of increasing
cross-sectional area and is driven by accumulation of
collagen I. By contrast, renal cyst wall thickness exhib-
its a weak correlation with cross-sectional area with no
collagen accumulation.

Adult ADPKD patients are at risk of hemorrhage,
peritonitis, sepsis and even death from rupture of en-
larged fluid-filled renal cysts. By contrast, there are
no reports of rupture of cystically dilated intrahepatic
ducts in CS. The present study conducted in the PCK
rat model of ADPKD-CS was designed to test the hy-
pothesis that cystically dilated intrahepatic ducts but
not renal cysts undergo adaptive wall remodeling.
Compared to age- and gender-matched wild-type rat
livers, intrahepatic ducts in the PCK cohort had much
larger cross-sectional areas. Nevertheless, the increase
in duct cross-sectional area was accompanied by
a rapid increase in duct wall thickness. As a result, the
cross-sectional area to wall thickness ratio was small-
er in PKC rat ducts compared to the wild-type cohort.
Interestingly, this rapid increase in duct wall thickness
plateaued, suggesting that adequate structural support
had been achieved. While wild-type kidneys had no
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Fig. 2. Renal cysts in the PCK rat. A) Representative images from Masson’s
trichrome-stained wild-type and PCK kidneys. The renal section from the PCK
rat kidney is enlarged and punctuated by cysts. B) Masson’s trichrome-stained
renal parenchyma from a wild-type rat is cyst-free. C) Masson’s trichrome-
stained renal parenchyma from a PCK rat is almost completely composed of
cysts enclosed by relatively thin walls. D) and E) Large ruptured renal cysts
(arrows) in the PCK rat
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Fig. 3. Duct and cyst characteristics. A) Cross-sectional area of the renal cyst in the PCK rat is multiples times greater than that of the ducts in wild-type and PCK
livers. B) Ratio of cross-sectional area to wall thickness is largest in the PCK renal cyst
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Fig. 4. Duct and cyst wall remodeling. A) As intrahepatic duct cross-sectional area increases, duct wall thickness increases rapidly before plateauing. B) There is
a weak but significant direct correlation between renal cyst cross-sectional area and wall thickness
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Fig. 5. Collagen I-driven duct wall remodeling. A, B) Circular polarized PSR
view and bright-field view, respectively, of PCK rat intrahepatic ducts, exhibiting
bright orange-yellow along the duct wall. C, D) Circular polarized PSR view
and bright-field view, respectively, of a large renal cyst with a ruptured wall
(arrow) in the PCK rat. No collagen birefringence is visible. E) Collagen |
(% field) expression in PCK intrahepatic ducts and renal cysts
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cysts, the PKC rat exhibited multiple small and large
cysts consistent with the ADPKD phenotype. Renal
cysts tended to be larger than the intrahepatic ducts
in the PCK rat. Nevertheless, relative to cross-section-
al area, cyst walls were significantly thinner than their
ductal counterparts. Furthermore, as cyst cross-sec-
tional area increased, wall thickness increased only
gradually, evidenced by the shallow slope of this rela-
tionship. Interestingly, many of the larger cysts were
ruptured in one or more places, whereas none of the
intrahepatic ducts were ruptured. Consistent with, and
as a consequence of Laplace’s law of wall tension [10],
it is possible that the renal cyst wall cannot tolerate the
tension experienced by it, causing it to rupture.

Collagen is a major structural component of cel-
lular organelles. The PSR stain is one of the best un-
derstood histochemical techniques able to selectively
highlight collagen networks. Relatively inexpensive,
the technique relies on the birefringent properties of
collagen molecules. While the PSR stain alone does
not selectively bind the collagen network, it becomes
more specific than the other common collagen stains
when combined with polarized light detection [9, 11].
Under circularly polarized PSR microscopy, thin bun-
dles of collagen type III appear green-yellow, whereas
large bundles of tightly packed, well-organized and
mature collagen type I molecules appear yellow-or-
ange [9]. Use of circularly polarized PSR microscopy
revealed bundles of yellow-orange collagen I [9, 11]
along the intrahepatic duct walls, indicating the pres-
ence of mature collagen type I, which provides both
structural support and tensile strength [9]. By contrast,
there was no accumulation of collagen I or collagen III
along the renal cyst walls. Together these data suggest
that collagen I-driven remodeling of their walls stabi-
lizes cystically dilated intrahepatic ducts, a mechanism
that appears absent in renal cysts.

In as much as the PCK rat is a model of ADPKD-
CS, these findings suggest that renal cysts are at in-
creased risk for rupture, whereas cystically intrahepat-
ic ducts do not, as the latter undergo remodeling to
accommodate increased wall tension. Needless to say,
this finding remains to be confirmed in human sub-
jects. Nevertheless, these data suggest that ADPKD
patients at risk for rupture of renal cysts may benefit
from therapies including cystocentesis or aspiration of
fluid from the cysts, especially the larger cysts, and/or
sclerotherapy [12, 13] to relieve wall tension.
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