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a b s t r a c t

Many physiological processes and pathological conditions in livers are spatially heterogeneous, forming
patterns at the lobular length scale or varying across the organ. Steatosis, a common liver disease
characterized by lipids accumulating in hepatocytes, exhibits heterogeneity at both these spatial scales.
The main goal of the present study was to provide a method for zonated quantification of the steatosis
patterns found in an entire mouse liver. As an example application, the results were employed in a
pharmacokinetics simulation.

For the analysis, an automatic detection of the lipid vacuoles was used in multiple slides of histo-
logical serial sections covering an entire mouse liver. Lobuli were determined semi-automatically and
zones were defined within the lobuli. Subsequently, the lipid content of each zone was computed. The
steatosis patterns were found to be predominantly periportal, with a notable organ-scale heterogeneity.

The analysis provides a quantitative description of the extent of steatosis in unprecedented detail. The
resulting steatosis patterns were successfully used as a perturbation to the liver as part of an exemplary
whole-body pharmacokinetics simulation for the antitussive drug dextromethorphan. The zonated
quantification is also applicable to other pathological conditions that can be detected in histological
images. Besides being a descriptive research tool, this quantification could perspectively complement
diagnosis based on visual assessment of histological images.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Many physiological processes and pathological conditions in
human and animal livers exhibit spatial heterogeneity. Livers are
anatomically structured in lobes [1], the liver tissue is structured
in lobuli [1], which are in turn subdivided into zones [2,3]. Typi-
cally, metabolic or clearance processes take place in zonated form
[4]. This zonation is mainly due to zonated gene/enzyme expres-
sion [5,6]. The size of the respective periportal or pericentral zone
depends on the specific phenomenon. In particular for pathologi-
cal conditions, the sizes may additionally vary over time, e.g., for
necrosis and regeneration after administration of carbon tetra-
chloride [7]. To allow describing the interaction of physiological
processes and pathological states with zonation of different size,
the classical geometric notion of lobuli divided into three zones [8]
was refined to a larger number of zones in this study. Hetero-
geneity across the organ may be present as well, mainly due to
pathological conditions varying at this coarser length scale, e.g.,
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fibrosis [9,10], cirrhosis [11], or carcinoma [12,13].
Zonation of pathological conditions is relevant due to their

interaction with various metabolic or clearance processes taking
place in zonated form [4]. Quantitative data describing the extent
of a pathological condition depending on the zonal position can
thus provide data complementary to a diagnosis typically based on
visual assessment of histological images. Quantifying additionally
the organ-scale heterogeneity can help estimate the impact of the
disease on overall organ function. Spatially resolved quantitative
data describing a liver disease is indispensable for accurate si-
mulations of physiological processes, e.g., [14,7,15].

In the present study, steatosis is considered as one example of a
pathological condition which is known to occur in spatially het-
erogeneous form. Steatosis is a common human liver disease fre-
quently caused by dietary misconduct or alcohol abuse [16].
Steatotic livers are characterized by lipids accumulating in the
hepatocytes [17]. Steatosis is most typically located in the peri-
central region, but it may also occur in periportal form, see [18]
and the references therein. In addition, heterogeneity can also be
observed across the whole organ [19]. Both zonation and organ-
scale heterogeneity were present in the mouse liver considered in
this study, see Fig. 1. The main goal of the present study was to
quantify these heterogeneities, in order to allow using the results
for a pharmacokinetics (PK) simulation.

Clinical diagnosis of steatosis is based on histological assess-
ment of liver biopsies, representing only a tiny fraction of the
whole organ. For this purpose, e.g., hematoxylin & eosin (HE) or oil
Red-O staining [20] is used, providing a distinction of micro- and
macro-vesicular steatosis as well as a zonation [21]. Clearly, this
only provides local data and does not permit examining the whole
organ. Zonation of steatosis is easily assessed qualitatively by ex-
perienced pathologists, but is typically not quantified. At the organ
scale, steatosis can be quantified using ultrasound and computed
tomography [22] as well as magnetic resonance imaging [23], all of
which are non-invasive, but do not reveal all features accessible by
histology. Experimentally, lipid contents can be determined using
biochemical measurements, which can be compared to averaged
results obtained by other approaches [24]. This approach, how-
ever, lacks spatial resolution.

Detecting lobuli is the basis for zonated quantification. In most
species, their boundaries are not determined by anatomical
structures, so they need to be inferred from typically optical image
data of sufficiently high resolution. A manual approach for de-
termining lobular shapes [25,26] is of prohibitive workload for
more than a few lobuli, so a semi-automatic procedure with an
algorithmic component similar to [27] was employed here.

Recent advances in histological whole-slide imaging and image

processing [28] permit quantifying steatosis using serial sections
of entire organs of small animals such as mice. Besides the de-
tection of lipid vacuoles, steatosis can be quantified as average
values per lobe or on smaller tiles, typically squares that are not
physiologically motivated. To the best of our knowledge, this kind
of analysis has neither previously been performed in 3D to cover a
whole organ, nor have zonated distributions and their hetero-
geneity been quantified at this scale.

Previous own studies [15,29] showed the influence of spatially
resolved pathological perturbations in PK modeling, in particular
in combination with zonated metabolism. The present study now
offered the opportunity to use actual measured steatosis patterns
for the whole organ as opposed to the synthetic spatial patterns
used previously [15,29].

In the present paper, an approach is presented for zonated
quantification of steatosis in a mouse liver. For this purpose, his-
tological whole-slide scan images of serial sections of a whole
mouse liver with different stainings were used. An image regis-
tration was performed for two purposes: for being able to combine
information made visible by different stainings [30] and for ob-
taining 3D analysis results [31]. In our case, portal fields (PFs) and
central veins (CVs) were detected using glutamine synthetase (GS)
staining in order to determine lobuli and zones within them. In
neighboring HE-stained slides, lipid vacuoles indicating macro-
vesicular steatosis were detected by an automatic procedure in a
set of slides covering an entire liver. This combined analysis was
used for zonated quantification of steatosis for the entire liver.
Finally, the analysis results were used in a multiscale whole-body
PK simulation, in which the liver model represented both organ-
scale heterogeneity and zonation.

2. Material and methods

In this section, the workflow from creating specimens via im-
age registration, annotation of PFs and CVs, tessellation in lobuli
and zones, detection of lipid vacuoles, and zonated quantification
is presented. The in silico part of this workflow is illustrated in
Fig. 2. Finally, a modeling approach is described where the analysis
result was used as simulation input.

2.1. Histological imaging of a steatotic mouse liver

Steatosis in a male C57/BL6N mouse (Charles River, Sulzfeld,
Germany) was induced by feeding a methionine/choline-deficient
high fat diet (E15652-94 EF R/M, high fat MCD mod. low me-
thionine and choline experimental diet [32]; ssniff, Sulzfeld,

Fig. 1. Heterogeneity of steatosis: Large vacuoles in hepatocytes, indicating steatosis, are visible as bright spots in this histological whole-slide scan of a mouse liver shown in
three different magnifications (from left to right: whole slide, one lobe, detailed view). The steatosis forms distinct zonal patterns, in this case periportal ones, and occurs
spatially heterogeneous across the organ. The main goal of this study was to quantify these heterogeneities. The images in this figure were manipulated for clarity (removal
of background, contrast adjustments).

L.O. Schwen et al. / Computers in Biology and Medicine 73 (2016) 108–118 109



Download English Version:

https://daneshyari.com/en/article/504961

Download Persian Version:

https://daneshyari.com/article/504961

Daneshyari.com

https://daneshyari.com/en/article/504961
https://daneshyari.com/article/504961
https://daneshyari.com

