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Tissue Remodeling in a Murine Model of Autosomal
Dominant Polycystic Kidney Disease
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Purpose: Noninvasive imaging techniques that quantify renal tis-
sue composition are needed to more accurately ascertain prog-
nosis and monitor disease progression in polycystic kidney

disease (PKD). Given the success of magnetization transfer (MT)
imaging to characterize various tissue remodeling pathologies, it

was tested on a murine model of autosomal dominant PKD.
Methods: C57Bl/6 Pkd1 R3277C mice at 9, 12, and 15
months were imaged with a 16.4T MR imaging system.
Images were acquired without and with RF saturation in order
to calculate MT ratio (MTR) maps. Following imaging, the mice
were euthanized and kidney sections were analyzed for cystic
and fibrotic indices, which were compared with statistical
parameters of the MTR maps.
Results: The MTR-derived mean, median, 25th percentile,
skewness, and kurtosis were all closely related to indices of
renal pathology, including kidney weight/body weight, cystic

index, and percent of remaining parenchyma. The correlation
between MTR and histology-derived cystic and fibrotic
changes was R2¼0.84 and R2¼0.70, respectively.

Conclusion: MT imaging provides a new, noninvasive means
of measuring tissue remodeling PKD changes and may be bet-

ter suited for characterizing renal impairment compared with
conventional MR techniques. Magn Reson Med 75:1466–
1473, 2016. VC 2015 The Authors. Magnetic Resonance in
Medicine published by Wiley Periodicals, Inc. on behalf of
International Society for Magnetic Resonance.
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INTRODUCTION

Between 1 in 400 and 1 in 1000 individuals are born
with a genetically inherited disease known as autosomal
dominant polycystic kidney disease (ADPKD) (1). The
phenotype of ADPKD is characterized by the develop-
ment and expansion of multiple cysts in both kidneys
causing gradual destruction of healthy parenchyma (2).
Throughout its course, healthy tissue is progressively
lost to physical displacement/compression, apoptosis,
inflammation, and fibrosis, leading to end-stage renal
disease (3–5). Compensatory hypertrophy and hyperfil-
tration of residual nephrons initially compensates for the
destruction of renal parenchyma; however, both kidneys
eventually become massively enlarged, normal paren-
chyma is almost completely replaced by cysts sur-
rounded by thick bands of fibrous tissue, and glomerular
filtration rate declines into end-stage renal disease
requiring dialysis or transplantation (6).

Radiologic imaging is essential for ADPKD diagnosis,
monitoring, and outcome prediction (7). Imaging modal-
ities such as ultrasound, CT, and MRI are used to moni-
tor disease progression (8). Clinical studies use total
kidney volume (TKV) measured by MRI as an image-
based biomarker to follow the progression of ADPKD,
because larger TKV has been shown to correlate with
worse prognosis in ADPKD in both human (9) and
murine (10) studies. However, there are challenges with
using TKV as a marker of disease progression. For one, it
is a simplification of the disease state and does not
inform on microscopic disease processes that are
involved with piecemeal destruction of healthy renal tis-
sue. In addition, measurements of TKVs are time con-
suming and costly. The introduction of MR renal
quantitative imaging techniques such as magnetization
transfer (MT) imaging may provide solutions that could
make up for the shortcomings of TKV.

MT detects a longitudinal magnetization exchange
(cross-relaxation and/or chemical exchange) between
observed water spins and targeted spins in tissue matrix
and/or surrounding fluid (HO, HN, HC) either directly or
mediated by spin diffusion. Imaging of the MT effect has
been successfully applied to study white matter brain dis-
eases, particularly lesions associated with multiple scle-
rosis (11). MT within these lesions can be quantified by
measuring the change in signal intensity with and with-
out radiofrequency (RF) saturation, known as the MT ratio
(MTR). MTR has been shown to decrease in lesion regions
prior to detection by T2-weighted sequences (12).
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Because the microscopic changes of ADPKD involve
fibrosis and tiny microscopic cysts too small to visualize
on traditional MR, it is possible that MT may help in
providing earlier information for disease prognosis and

measuring progression. With respect to the relative MTR

signal intensities of different tissues, lower MTR in

cystic tissue (13) and higher MTR in fibrotic tissue (14)

compared with normal healthy tissue have been

reported. Histogram analysis of MTR (mean, mode, nor-

malized peak height) has been applied to study differen-

ces in brain gray matter in multiple sclerosis (15) with

MTR peak height being shown to positively correlate

with brain parenchymal volume, and inversely correlate

to cerebrospinal fluid volume (16). Recent renal imaging

studies by Ebrahimi et al (17) found that off-resonance

MT may differentiate highly fibrotic tissue from nonfi-

brotic tissue using a mouse model of renal artery steno-

sis. MT imaging has also been shown to have superior

contrast compared with T2-weighted imaging for delin-

eation of fibrous kidney tissue from surrounding fatty tis-

sue (18). In a recent clinical study, an inverse correlation

between estimated glomerular filtration rate and MTR

values within the renal cortex was found (19).

Although MTR has been used to study other patholo-
gies, its ability to provide quantitative information

regarding tissue remodeling in ADPKD is unknown. In

addition, renal tissue classification using MT has previ-

ously been mostly qualitative. The purpose of this study

was to investigate the use of MT imaging for probing

renal tissue changes in order to develop new image-

based biomarkers for PKD. A mouse model that closely

mirrors ADPKD in humans both genetically and pheno-

typically has been used (20). This model allowed direct

comparison with a reference standard of histological sec-

tions in which both cystic and fibrotic tissue could be

measured and compared with noninvasive MT imaging

and MTR parameters.

METHODS

Mouse Model of ADPKD

The mouse model used in this study, Pkd1 R3277C, mim-

icked a human mutation found homozygously or in trans

with a fully inactivating allele in patients with typical

ADPKD or in utero onset disease, respectively (21,22).

The mutation lowers the level of the functional PKD1

gene product below a critical threshold for cystogenesis

(20). Mice homozygous for the allele Pkd1R3277C/R3277C

(Pkd1RC/RC) develop gradual cystic disease mimicking the

histological features of human ADPKD. Starting at 9

months of age, Pkd1RC/RC mice develop a decline in renal

function as measured by blood urea nitrogen levels and

have a highly significant increase in cystic and fibrotic

burden as measured by histomorphometric parameters, as

well as TKV represented by percent kidney weight/body

weight (KW/BW) ratio (20,23). Therefore, we evaluated

the correspondence of MT imaging to disease progression

by imaging 22 C57Bl/6 Pkd1RC/RC mice at 9 (n¼3 female;

n¼ 3 male), 12 (n¼ 4 female; n¼ 4 male), and 15 (n¼ 4

female; n¼4 male) months of age.

Animal Protocol

This study was reviewed and approved by the Institu-
tional Animal Care and Use Committee of Mayo Clinic
in Rochester, Minnesota, USA. Animals were handled in
accordance with the National Institutes of Health guide-
lines on the use of laboratory animals.

Each animal was scanned at a single time point. After
scanning was complete, the animals were euthanized by
carbon dioxide inhalation and weighed. Cardiac punc-
ture was performed to collect blood for blood urea nitro-
gen analysis. Both kidneys were then extracted, and KW
was measured. The left kidney was flash frozen for
potential additional analysis, whereas the right kidney
was placed into a preweighed vial containing 4% formal-
dehyde in phosphate buffer (pH of 7.4) and paraffin-
embedded for subsequent histopathological analysis.
One animal had asymmetric PKD, therefore the more
cystic left kidney was chosen for histological analysis
and comparison with MT imaging.

MR Imaging

MR imaging was performed with an Avance DRX 700WB
(Bruker BioSpin, Billerica, Massachusetts, USA) spec-
trometer. The unit is equipped with a 16.4 T vertical
wide bore magnet and a 38-mm-diameter RF coil. Mice
were anesthetized in a chamber using 3% isoflurane and
then transferred to the coil’s animal holder. Anesthesia
was maintained throughout the scan with a flow of
1.5%–2.0% isoflurane. A control monitoring and gating
system (Model 1030; SA Instruments Inc., Stony Brook,
New York, USA) was used for respiratory monitoring of
the signal generated by a balloon sensor. Body tempera-
ture was assessed throughout the entire session using a
rectal sensor and maintained at 37�C through control of
both airflow and a heating element.

Scout images were obtained in three planes (axial, coro-
nal, and sagittal) to locate the kidneys and prescribe the
subsequent sequences. For MT imaging, a fast low angle
shot sequence with repetition time/echo time¼ 362/2.4
ms, flip angle¼ 15�, acquisition data size¼ 128 � 96, and
matrix size¼256 � 128 was used to acquire two sets of
images, one with and the other without RF saturation. The
RF saturation pulse was applied at a 2-kHz offset (down-
field from water signal) as a series of 20 Gaussian pulses, 4
ms in width, with pulse power of 15 mT, pulse bandwidth
of 685 Hz, and a total irradiation time of 80.7 ms. The
reconstructed voxel size was 100 � 200 mm, and four con-
tiguous slices (each 1 mm thick) were obtained in all cases.

Histopathology

Kidneys were fixed in 4% paraformaldehyde and stained
with H&E for determination of cystic index. For each
mouse, axial sections were sliced at the level of the renal
hilum that corresponded with the prescribed axial MR
slices. In addition, both Masson’s trichrome and picrosir-
ius red staining was performed to quantify the fibrotic
index of each kidney specimen. Images of the stained
sections were made with a Nikon SMZ800 microscope
controlled through the NIS-Elements software package
(Nikon Instruments Inc., Melville, New York, USA).
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Subsequent measurement of cystic index was quantified
by color thresholding, as performed by the Meta-Morph
software (Universal Imaging, Sunnyvale, California,
USA). Measurements of cystic index were performed
both globally and on local 1-mm2 subregions and are
reported as the percent of cysts within the total measure-
ment area. Anatomical landmarks (eg, kidney border,
macroscopic cysts, renal pelvis, etc) were used for visual
coregistration between histology and MT images, with a
total of 33 local measurements being made in total across
the 22 mice. These regions were chosen as random sam-
ples with the goal of having a wide range of cystic index
values to compare with the MTR signal. The measure-
ment of fibrotic index was made by color thresholding
with ImageJ (National Institutes of Health, Bethesda,
Maryland, USA) and is reported as the percent of fibrotic
tissue within the total measurement area.

Tissue Classification

MR images were transferred to a local workstation for
subsequent image analysis. MTR maps were calculated as

MTR x; y ; zð Þ ¼ M0 x; y ; zð Þ �Ms x; y ; zð Þ
M0 x; y; zð Þ ¼ 1�Ms x; y ; zð Þ

M0 x; y ; zð Þ ;

[1]

where M0 is the reconstructed image signal intensity
obtained without saturation and Ms is the intensity
obtained after RF saturation. The MTR map was com-
puted in a voxel-by-voxel fashion. Statistical measure-
ments of the distribution of MTR values within the
kidneys were calculated and compared with the tissue
indices found by histology. Both Pearson’s correlation
(which tests for closeness of a linear relationship
between variables) and Spearman’s rank correlation
(which tests for closeness of a monotonic relationship)
were calculated for all cases.

It has been shown that cystic tissue causes a decrease
in MTR signal, whereas fibrotic tissue causes an increase
in MTR signal. In addition to the statistical measure-
ments, a Gaussian mixture model (GMM) (24) approach
was used to distinguish different tissues within the kid-
neys as observed in the MT images. A Gaussian mixture
model is a weighted sum of Gaussian densities as given
by the equation

p xjlð Þ ¼ S
M
i¼1vig xjmi;Sið Þ; [2]

where x is the data vector, vi are the mixture weights, and
g xjmi;Sið Þ are the component Gaussian densities. Maxi-
mum likelihood estimation was then used to estimate the
parameters of the GMM. After parameter estimation, prob-
ability maps were created that contain the mixing propor-
tions of each voxel (ie, the percent of each voxel
corresponding to each tissue class). Ideally, a three-tissue-
class GMM approach would be used, however due to
fibrotic tissue making up a very small portion of the kidney
in the majority of cases, a 2 tissue-class GMM approach
was used to first distinguish cystic tissue, and then fibrotic
tissue was estimated from the skewness of the remaining
tissue composed of both healthy parenchyma and fibrotic
tissue (referred to as P-F tissue distribution). This separates
the distribution of MTR values into the cystic component
and a component composed of both healthy parenchyma
and fibrotic tissue. Therefore, cystic index can be quanti-
fied as the ratio of the cystic component area to the total
area. In addition, the subresolution fibrotic tissue causes a
right-handed skewness on the parenchyma tissue class
due to partial volume effects. The skewness (c) of the P-F
tissue distribution was calculated as

g ¼ S
n
i¼1

MTRi � m

s

� �3

; [3]

where m is the mean and r is the standard deviation. The
calculation was taken over all MTR values within the P-F
tissue distribution (1 to n). We developed a program using
Python (Python: v.2.7.4, numpy: v.1.8.1, scipy: v.0.13.3,
scikit-learn: v.0.14.1) to perform analysis of the MT images.

RESULTS

A wide range of disease severity was observed in the MT
images and confirmed histologically. This allowed us to
study the corresponding MTR maps for a wide range of dis-
ease, from early to late stages. Table 1 lists basic measure-
ments for the 22 C57Bl/6 Pkd1RC/RC mice grouped by age
and sex. Figure 1 shows sample MT images of our ADPKD
murine model specimens. The images with RF saturation
on (Ms) and off (M0), as well as the MTR maps, are shown
for three example cases. Statistical measurements of MTR
are given in Table 2. The MTR-derived mean, median, 25th

Table 1
Basic Measurements for the 22 C57Bl/6 Pkd1RC/RC Mice

Measurement

9 Months Old 12 Months Old 15 Months Old

Female Male Female Male Female Male

Body weight, g 23.8 6 0.4 25.8 6 1.8 24.1 6 1.5 29.5 6 2.0 23.9 6 1.5 28.5 6 2.0
Kidney weight, g 0.9 6 0.2 0.6 6 0.1 1.0 6 0.2 0.7 6 0.1 1.0 6 0.3 0.7 6 0.1

KW/BW, % 3.8 6 0.7 2.2 6 0.2 4.0 6 0.9 2.2 6 0.2 4.3 6 1.0 2.5 6 0.3
BUN, mg/dl 45 6 19 18 6 3 74 6 36 21 6 4 93 6 28 28 6 3

H&E cystic index, % 22 6 5 8 6 3 42 6 12 11 6 5 42 6 11 16 6 9
PSR fibrotic index, % 17 6 6 2 6 1 16 6 7 5 6 1 16 6 6 6 6 8
TRI fibrotic index, % 18 6 6 2 6 1 14 6 5 8 6 3 18 6 4 9 6 10

Data are presented as the mean 6 standard deviation. Cystic index was measured in H&E stained histological sections, and fibrotic
index was measured by both picrosirius red and Masson’s trichrome stained histological sections.

Abbreviations: BUN, blood urea nitrogen; H&E, hematoxylin and eosin; KW/BW, kidney weight/body weight; PSR, picrosirius red; TRI,
Masson’s trichrome.
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percentile, and 75th percentile all decreased with age in
both the female and male groups. Skewness consistently
increased with age for both groups.

We found that MTR values were well correlated with
cystic index. Global measurements were compared in all
22 cases. Figure 2A shows the global measurement

FIG. 1. Examples of three different specimens imaged by MRI. Left column: MT images obtained with saturation on (Ms). Middle column:
MT images obtained with saturation off (M0). Right column: Calculated MTR maps (computed as defined by Equation [1]). The three

examples were chosen to highlight the wide range of observed phenotype expression in the mouse model. The top row highlights a
fairly mild presentation of the disease in a 9-month-old male (KW/BW¼2.2%, cystic index¼5%, fibrotic index¼2%) that had a number

of microcysts and a few large exophytic cysts. The middle row shows a much more severe presentation in a 12-month-old female (KW/
BW¼4.3%, cystic index¼43%, fibrotic index¼10%). The bottom row shows asymmetric presentation in a 12-month-old female in
which the left kidney presented much more severely than the right kidney (KW/BW¼5.3%, cystic index¼57%, fibrotic index¼9%). A

color bar for the MTR images is displayed at bottom right. Scale bar¼1 mm.

Table 2
Basic Statistical Measurements for the MTR Values Found Within the Mouse Kidneys

Measurement

9 Months Old 12 Months Old 15 Months Old

Female Male Female Female Male Female

Mean 0.51 6 0.06 0.57 6 0.06 0.37 6 0.10 0.57 6 0.07 0.30 6 0.05 0.49 6 0.07
Median 0.53 6 0.06 0.61 6 0.05 0.37 6 0.13 0.61 6 0.04 0.27 6 0.14 0.48 6 0.08

Variance 0.018 6 0.002 0.020 6 0.011 0.084 6 0.107 0.020 6 0.024 0.034 6 0.010 0.019 6 0.012
25th Percentile 0.44 6 0.06 0.57 6 0.03 0.27 6 0.12 0.55 6 0.04 0.14 6 0.10 0.40 6 0.12
75th Percentile 0.59 6 0.05 0.67 6 0.02 0.54 6 0.07 0.65 6 0.01 0.41 6 0.11 0.55 6 0.06

Median absolute deviation 0.07 6 0.01 0.04 6 0.01 0.14 6 0.05 0.05 6 0.01 0.12 6 0.05 0.08 6 0.03
Skewness �1.13 6 0.50 �2.44 6 0.17 �0.30 6 0.57 �2.07 6 0.35 0.23 6 0.71 �1.06 6 0.55

Kurtosis 2.24 6 1.50 7.92 6 1.20 �0.34 6 0.73 5.27 6 2.36 �0.19 6 0.91 2.81 6 0.33
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comparisons of the mean MTR signal and the cystic
index as measured by histology. Increasing cystic index
caused a decrease in overall MTR with linear least
squares regression yielding a slope of �0.007, R2¼0.82,
and P � 0.01. In addition, subregions were matched
between MT and histology in order to compare local
measurements. In the case of local measurements (Fig.
2B, 33 comparison data points), a closer correlation
(R2¼ 0.87, and P � 0.01) was found between the mean
MTR signal and cystic index.

Using the GMM approach, we were able to closely
measure cystic index and correlate fibrotic index values
from the MT images. The comparison between cystic
indices as measured by MT imaging (using the GMM
approach) versus that found by histology is presented in
Figure 3A. Figure 3B shows the results of comparing the
skewness of the P-F tissue distribution found in MT
imaging with the fibrotic index measured by picrosirius
red–stained histology images. The correlation for cystic
changes (R2¼0.84, P � 0.01) and fibrotic changes
(R2¼ 0.70, P � 0.01) was good. In addition, for speci-
mens having a fibrotic index greater than 7%, a right-

handed skewness (greater than 0) was obtained in all
cases.

Finally, in relatively advanced stages of the disease,
we found that a three-tissue class GMM approach could
separate cystic, healthy, and fibrotic tissues. Figure 4
shows a sample MTR map (Fig. 4A) as well as the results
of applying the GMM approach (Fig. 4D). The corre-
sponding histology slides (Fig. 4E and 4F) are shown
below the probability maps for cystic index (Fig. 4B) and
fibrotic index (Fig. 4C).

DISCUSSION

Quantitative medical imaging techniques are emerging
that have the potential to greatly assist in evaluating dis-
ease severity and disease progression in ADPKD. These
new quantitative imaging techniques could significantly
add to the assessment of patient prognosis and disease
progression and could allow quicker judgment of the
effectiveness of interventions. In this study, we intro-
duced the use of MT imaging for quantitative assessment
of two important parameters of disease progression in an

FIG. 2. A: Comparison of global measurement of mean kidney MTR values with the cystic index measured by histology. Although the
mean MTR values are only a crude representation of the wealth of information contained in the MTR maps, the fact that they correlated

closely with the cystic burden of the kidneys suggests that deeper probing can reliably extract not only macroscopic presentations of
the disease but also subresolution tissue changes. B: Comparison of local measurement of mean kidney MTR values with the cystic

index measured by histology. In this case, a much closer correlation between the results obtained by MT imaging and the ground truth
histological measurements were obtained. Thus, at the local level, MT imaging conveys information regarding subresolution microscopic
cysts.

FIG. 3. A: Cystic index computed by the GMM approach on MTR images correlated with that measured by histology. Distinguishing the
different tissues on MT by the GMM approach had very high accuracy at measuring the degree of cystic burden of each specimen. B:
Using a two-tissue GMM approach, the skewness of the P-F tissue class was computed and correlated with the measured fibrotic index
(obtained from the picrosirius red histology measurement). This correlation was very similar when compared with the Masson’s tri-

chrome–derived fibrotic index.
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animal model of ADPKD. Using a murine model of the
disease, we were able to closely correlate MTR values to
microscopic cystic index. In addition, we used a GMM
approach to probe the presence of subresolution fibrotic
tissue and extract distinct fibrotic tissue classes in more
severe presentations of the disease. Because the main
focus of MRI in the evaluation of ADPKD has been to mea-
sure TKV and quantify macroscopic cysts, having the abil-
ity to also probe both the presence of microscopic cysts
and fibrosis would add significant benefits for both stag-
ing and better prediction of outcomes for PKD patients.

Although TKV is the gold standard for human studies,
KW/BW serves as the reference standard in murine stud-
ies and is commonly used as a surrogate marker to evalu-
ate the effectiveness of preclinical trials prior to
initiating phase-1 human trials (25). When noninvasive
in vivo imaging is the only option, TKV is used as a bio-
marker and has been shown to correlate with ADPKD
progression (9). However, measurement of TKV by man-
ual tracing of 3D MR images has been shown to be chal-
lenging (26). Importantly, however, measurement of KW
has been shown to directly correlate with TKV, with an
R2 value of 0.99 (10).

There are a number of important considerations concern-
ing the interpretation of MTR maps. The fact that healthy
parenchyma tissues have MTR values in between the two
types of compromised tissue critical in PKD (fibrotic and
cystic) complicates analysis of the images. One can imagine
an instance in which both subresolution fibrosis and subre-
solution cysts could have the same appearance as healthy
parenchyma tissue by voxel partial volume effects. In addi-
tion, coexisting pathophysiological processes such as
inflammation and edema could further complicate interpre-
tation of MTR values in advanced cases. However, the GMM
approach presented here helps to alleviate these issues. In
order to probe subresolution fibrosis, the two-tissue classifi-
cation method and subsequent analysis appears favorable
for earlier stage classification. A distinct fibrotic tissue class
would be a highly informative early stage image-based bio-
marker suggestive of a great deal of compromised renal tis-
sue that has previously been unidentifiable. This could
allow better evaluation of renal function, determining which
patients need to be more closely monitored for their immi-
nent need for renal replacement therapy.

There are many other quantitative imaging techniques
that may also provide critical information regarding

FIG. 4. A: MTR map. B: Cystic probability map displaying cystic regions in red. Microcysts (subvoxel) appear green in this representa-
tion due to voxel partial volume effects. C: Fibrotic probability map showing more fibrotic regions in green and red. For the correspond-

ing panels, the color bar indicates the probability (or volume fraction) of each voxel to be cystic or fibrotic, where blue indicates 0% and
red indicates 100%. D: MTR histogram and GMM classification overlaid. Cystic tissue is conveyed by the green component, paren-
chyma is conveyed by the red component, and fibrotic tissue is conveyed by the blue component. E: Corresponding histological slice

stained with hematoxylin and eosin. F: Picrosirius red staining. The application of a three-tissue GMM approach to delineate both cystic
(green) and fibrotic (blue) from normal healthy parenchyma tissue (red) was achievable in more severe cases such as this example
(panel D). The posterior probability maps for both cysts (comparing panels B–E) and fibrotic tissue (comparing panels C–F) correspond

closely to the ground truth observed in the histological slides. Scale bar¼1 mm.
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PKD. For instance, MR diffusion-weighted imaging can
extract information about both perfusion and diffusion
processes within organs (27), and blood-oxygen-level-
dependent imaging can measure the amount of deoxyhe-
moglobin present in tissues, thereby providing an esti-
mate of renal metabolic activity (28). Other imaging
techniques such as MR sodium imaging (29) and MR
elastography (30) may also offer important quantitative
information to better determine the status of renal tissue.
Clearly, there exists a large opportunity for providing
further insight into how imaging techniques can improve
clinical management and treatment for PKD patients.

Although the murine model studied here closely
reflects the phenotype expression seen in ADPKD
patients, we observed mostly simple fluid-filled cysts,
whereas in human patients, complex cysts (including
calcified and hemorrhagic cysts) are often found. How
these different tissues present themselves on MT
requires further exploration. Also, we observed in this
animal model that females have more severe disease
than males, as evidenced by increased kidney weights
(KW/BW ratio) and both cystic and fibrotic indices.
These differences seen in the mouse model, starting at 9
months, have been discussed previously (23). Because
this study considered how MTR related to renal tissue
changes, these differences simply provided a wider range
of disease severity for comparison purposes.

A limitation of this current study is that it did not per-
form longitudinal follow-up scanning of the same mouse
specimens. Thus, how MT imaging relates to disease
progression within the same individual is still an open
question. Of particular interest will be whether MTR
maps can supply critical information in the early stages
of PKD that help to differentiate patients who may more
quickly progress to end-stage renal disease. Having the
ability to compare in vivo imaging measurements to the
ground truth histological measurements (as was per-
formed in this present study) elucidated that tissue
remodeling was accurately conveyed in the MTR maps.

CONCLUSIONS

In this study, noninvasive in vivo MT imaging was used
to assess tissue remodeling within a murine model of
ADPKD. We found that MT imaging correlated well with
both cystic and fibrotic changes within the kidneys.
Therefore, MT imaging should be explored further for its
ability to provide critical information regarding renal
structure in renal pathologies.
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