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INTRODUCTION

Osteogenesis imperfecta (Ol) is a heritable disorder of connective tissue characterized by
bone fragility, caused primarily by mutations in the genes that encode for the pro-al and
pro-a2 chains of type I collagen. The mildest form of Ol, Type I(1), results in relatively few
fractures and a normal life expectancy, while Type I1, the most severe form, is characterized
by severe multiple intrauterine fractures and perinatal mortality. Types 11l and IV show
moderate-to-severe symptoms. At the molecular level, these phenotypes are characterized by
the region and extent of mutation (2—4). Additional Ol phenotypes have more recently been
identified (5).

Skin manifestations of Ol have been investigated previously (6-9). Decreased skin collagen
content was demonstrated in transgenic mouse models of Ol types I and Il (10,11) as well as
in human skin (9), while significant decreases in elasticity, distensibility, and hysteresis
were found in patients with mild and moderate-to-severe Ol (12). Early histochemical and
electron microscopical studies showed thinning of the dermal layers in a sample of skin
from a 40 week-old human (8) and diffuse and unstructured collagen packing in severe Ol
(9). While these studies evaluated skin characteristics in Ol, they did not undertake precise
delineation and characterization of individual skin layers. In severe Ol, diagnosis is
somewhat straightforward, based on the clinical picture of multiple fractures and
deformities. However, the diagnosis of more mild phenotypes is significantly more difficult,
involving biochemical assessment of the collagen produced from biopsy-derived dermal
fibroblasts (13-15). A rapid non-invasive diagnostic approach would be of significant value
in this setting, permitting implementation of appropriate lifestyle modifications (16) and,
potentially, initiation of antiresorptive therapy (17). Further, since unexplained fractures in
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infants are characteristic of both Ol and of deliberate injury (13,18-20), a rapid diagnostic
test would be of value in assessing the household environment of infants presenting with
fracture. These facts motivate a study of skin phenotype in Ol in an appropriate pre-clinical
model.

An established murine model of Ol is the oim mouse, a naturally occurring recessive
mutation (21). Mice homozygous for this mutation (oim/oim) are deficient in pro-a2(l)
collagen, and their type | collagen is predominantly a pro-al(l) homotrimer. The
biochemical and phenotypic characteristics of this mouse are similar to those seen in patients
with type I11 Ol, and include osteopenia, skeletal fractures, and deformities (22). The
phenotypic features of the heterozygote, the cinv+ mouse, include mild bone fragility and
decreased collagen content, similar to features characteristic of type | Ol (23,24).

The clinical and experimental use of magnetic resonance imaging (MRI) to provide highly
detailed anatomic and biophysical characterization of soft tissues, including cartilage and
skin, is well-established. Application to skin has been comparatively limited, although
increases in magnetic field and gradient strength as well as improvements in coil design
have permitted increased investigation of skin characteristics in vivo and ex vivo (25-34).
MRI parameters such as transverse relaxation time (T2) and magnetization transfer (MT)
rate or ratio are sensitive to collagen in the layers of skin (27) as well as in cartilage (35-41)
in normal and pathological samples. However, the effects of Ol-associated collagen |
mutations on skin have not been evaluated by MRI.

We hypothesized that skin abnormalities would be seen in the oim mouse, consistent with
the known collagen mutation, and that these abnormalities would be detectible by non-
invasive MRI analysis of tissue morphology and biophysical characteristics. We further
hypothesized that MRI studies would have the capability to differentiate among Ol
homozygous (oim/oim), Ol heterozygous (oim/+), and wild type (+/+) mouse skin. Results
were correlated with histologic studies, and with Fourier transform infrared imaging
spectroscopy (FT-IRIS) to establish molecular-level characteristics of the tissue. FT-IRIS in
an extension of conventional infrared spectroscopy in which an FTIR spectrometer is
coupled to an optical microscope equipped with an array detector, thereby permitting
evaluation of the relative amount and distribution of the molecular components of
connective tissue. Use of these complementary techniques resulted in significant insight into
the differences observed in the MRI data obtained from the three genotypes.

MATERIALS AND METHODS

Animals

Tissue samples were obtained from genotype-verified B6C3 wild type (+/+), heterozygous
(oinV+), and homozygous (oim/oim) mice through an IACUC-approved protocol at Hospital
for Special Surgery. Animals were sacrificed at 11 weeks of age at which time skin samples
(ca. 15 mm long x 10 mm wide) were taken from the back (+/+, n = 6 male and 6 female;
oim/+, n = 3 male and 1 female, and oim/oim, n = 6 male and 6 female).

Magnetic Resonance Imaging

Skin samples were stretched onto opposite sides of a planar wooden sample holder with the
exterior skin surfaces facing outward and immersed in a protease inhibitor solution in a 15
mm NMR tube. Imaging was carried out using a 9.4 Tesla 105 mm vertical bore magnet
(Magnex Scientific, Abingdon, UK) interfaced to a Bruker DMX 400 NMR spectrometer, a
Micro2.5 microimaging probe equipped with 1000 mT/m three-axis actively shielded
gradients, and a 15 mm birdcage resonator (Bruker Biospin MRI, Ettlingen, Germany).
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Images were acquired with a 2D spin-echo sequence, with field of view = 0.75 cm x 1.5 cm
and matrix size of 512 x 256, resulting in an in-plane resolution of 13 um (read) x 58 pm
(phase encode). The read direction was perpendicular to the skin surface, providing
maximum resolution with respect to depth from the surface of the skin. Slice thickness was
1 mm. A minimum echo time TE=12 ms and TR=4s was used for all experiments. T2 maps
were obtained using a train of six equally spaced echoes. Magnetization transfer experiments
were carried out with By 5= 12 T, saturation offset = +15 ppm from water, and saturation
pulse length ranging from 1 ms to 4.6 ms in 12 increments. The apparent MT exchange rate,
km, was derived from measurement of observed signal intensity as a function of off-
resonance saturation time. In selected experiments, fat suppression, a spectroscopic
technique used to identify and suppress the presence of fat signals, was applied in order to
identify fatty layers within each skin sample.

After MRI studies were completed on each sample, tissue was fixed in 80% ethanol and
embedded in paraffin. Histology was performed on 5 pm-thick sections, with hematoxylin
and eosin (HE) staining used to visualize general tissue morphology, Masson’s trichrome
staining used to delineate collagen-rich regions with relief provided by cytoplasm and
nuclei, and the Luna stain used for identifying elastin fibers and mast cells. Elastin fibers
and mast cells stain purple with Luna, nuclei stain black, and the background stains yellow.

Fourier Transform Infrared Imaging Spectroscopy (FT-IRIS)

After paraffin embedding as described above, 6-micron thick sections were placed onto
BaF, windows. Spectra were acquired with a Spectrum SpotLight 300 FTIR imaging system
(Perkin-Elmer, UK), consisting of an FTIR spectrometer coupled to an optical microscope
and a 2 x 8 array of linear infrared detectors, allowing rectangular samples up to several
millimeters in length to be imaged. The spatial resolution of the measurements was 25
microns, with a spectral resolution of 8 cm**02212.1 Spectra were also acquired from pure
melanin powder to identify spectral features unique to melanin. Data were analyzed utilizing
ISys software v4.0 (Spectral Dimensions, Olney, MD).

The number of spectra analyzed for each sample ranged from ~ 800 to 1800, depending
upon the size of the skin sample. The 1652 cm**02212.1 amide | absorbance band was used to
map the distribution of protein throughout the specimen (42), while the 1716 cm#x02212:1
absorbance band was used to map the distribution of melanin. Images were spatially masked
to include only the dermal layer for analysis of collagen molecular properties. The ratio of
the integrated area under the 1338 wavenumber peak (1356—1324 cm#*02212.1) tg the area
under the amide 11 peak (1588-1488 cm**02212:1y was used as an indicator of collagen
integrity (43). The ratio of the peak heights at 1660 cm**02212.1 and 1690 cm™*02212:1 yyas
taken as a qualitative indicator of the ratio of mature and immature collagen crosslinks (44).

Statistical Analysis

RESULTS
Histology

Data are shown as mean * standard error of the mean. Quantitative data from MRI and FT-
IRIS analyses were analyzed by one-way analysis of variance (ANOVA) followed by the
Tukey post-hoc test. Differences were considered statistically significant at the p <0.05
level.

The skin of the +/+ mice was histologically normal, with Luna (Fig. 1a) and Masson’s
trichrome (Fig. 1b) staining clearly delineating the epidermis (layer I), the collagen-rich
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papillary and reticular layers of the dermis (layer II), and the hypodermal fat (layer 1V). The
dermal layer in the skin of homozygous mice (Luna, Fig. 1c; Masson's trichrome, Fig. 1d)
were markedly different from the corresponding layers in the +/+ animals. A reduction by
approximately 60% in the dermal thickness layer Il was observed, but due to the presence of
a third layer immediately below this layer, labeled as layer 111, the overall skin thickness was
unchanged. In addition, there were large numbers of prominent, actively growing hair
follicles in the upper dermal layer (layer II) as well as in the extended lower dermal layer
(layer III). The majority of these follicles were in the anagen stage of hair growth with large,
heavily pigmented, melanin-rich hair bulbs. The hair shafts had thick root sheaths, while
sebaceous glands were smaller and less conspicuous. Masson’s trichrome stain (Fig. 1b and
1d) demonstrated a markedly reduced region of collagen-rich tissue in the oirm/oim animals,
confirming that the basic histopathologic alteration was loss of dermal collagen, whereas the
Luna stain (Fig. 1a and 1c) indicated an absence of elastin fibres in the lower dermal layer
(layer 11). Heterozygous mice were variably affected; only one of the four mice examined
had a loss in dermal thickness, of approximately 40%, as determined by both Masson’s
trichrome and the Luna stain (data not shown).

MRI Analysis

Anatomic Analysis—Typical T2-weighted MR images showed a clear demarcation of
individual skin layers (Fig. 2). Fat suppression (labeled with “b” in Figure) caused the
hypodermal fat layer to be darkened, allowing it to be unambiguously identified and used as
a reference for the other skin layers. The most superficial layer, labeled as layer I,
corresponds to the epidermis in all genotypes. In the +/+ samples, layer Il consists of the
papillary (lla) and reticular dermis (llb), similar to what is seen in the accompanying
histology (Figure 3). Layer IV consists largely of fat.

Differences in the thickness and contrast of these skin layers were evident upon comparison
of the homozygous to wildtype control images. The clear separation of the dermal layer into
an upper (layer lla) and lower layer (layer IIb) was seen in all homozygous mice, but was
variable in the oimy+ animals (Fig. 2). The additional layer, Ill, observed in the oim/oim
mice histology, was also present in the MR images. Thus, an approximate correspondence
can be established between the layers observed in MRI and in histology (Fig. 3). Horizontal
banding seen occurring throughout layer I11 in the oimyoim mouse is consistent with
inhomogeneous hydration in this skin layer. The average thickness of the skin layers as
visualized by MRI is shown in Fig. 4a. The most striking finding is that the upper dermal
layer (layer 1) comprises only 28% and 36% of the skin thickness in homozygous (cinvoim)
and heterozygous (oinv+) mice, respectively, compared to 72% in wild type mice. This is
attributable to the presence of the additional layer Ill in the oim genotypes. The epidermal
thickness (layer I) was not significantly different among the three genotypes. The the
hypodermal fat layer (layer 1V) did not remain fully intact upon dissection, and therefore
thickness was not evaluated.

Biophysical Characteristics—Overall, the highest T2 values were seen in the
hypodermal fat layer IV (Fig. 4b). In the lower dermal layer lll of the oim/oim skin samples,
the T2 values were comparable to those in the corresponding hypodermal fat layer IV. T2
values for the heterozygote specimens were significantly higher (p <0.05) than for the oim/
oimand +/+ tissues in the collagen-rich dermis, layer Il. MT rate (kq/s™02212:1) values for
the epidermal, dermal and hypodermal fat layers were comparable among genotypes.
Similar MT rates were found between the lower dermal oinvoim layer Il and the
hypodermal fat layer V. A significantly higher MT rate was found between layer Il
(combined papillary and reticular dermis) and layer lll in oimYoimand in oinm/+ tissues.
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FT-IRIS Analysis—The infrared spectrum obtained from the dermal layer in a wildtype
mouse (Fig. 5a) is dominated by the broad amide I band typical of collagen, and also
contains features that arise from other collagen vibrations, including the 1338 cm#x02212:1
sidechain rotation absorbance, and from the paraffin embedding medium. The spectrum of
pure melanin powder (Fig. 5b) has an identifying feature at 1716 cm*02212:1 which was
used to map the distribution of melanin in the dermal layers of the skin. The protein content,
mapped by the amide | band, was greater in the dermal than in the fatty layer for all
genotypes (Fig. 6), reflecting the collagen-rich upper dermal layer. There was a strong
correspondence between the distribution of the dark, spotted regions in the dermal layer of
the HE stained sections and the distribution and concentration of melanin as determined by
FT-IRIS, confirming their chemical composition. The collagen integrity index was found to
be significantly lower in the oimyoim as compared to both the +/+ and oinv+ tissues (Fig.
7a). Finally, a small but significantly lower mature to immature crosslinks ratio was
observed in the oim/oimand +/oim tissues compared to the +/+ tissues (Fig. 7b).

DISCUSSION

Clinical manifestations of Ol typically present through bone pathology, although phenotypic
alterations involving other collagen | containing tissues, such as sclerae, dentin, and
ligaments are also present (8,9,13,45). Less well-investigated are the cutaneous
manifestations of the underlying collagen | defect, which may be particularly amenable to
evaluation by MRI.

Impairment of collagen fibril association is characteristic of connective tissue disorders and
results in a weaker and less densely packed collagen network (7,46). In this study, we sought
to examine manifestations of this and potential loss of collagen in the skin in a mouse model
of Ol, using histology to provide a qualitative assessment of morphological changes and
collagen content, MRI to delineate large-scale structural features and biophysical
characteristics, and FT-IRIS to examine molecular features of the matrix.

The MRI parameters studied in the present work, the spin-spin relaxation time T2, and the
MT rate, have been widely applied to the study of soft tissue. MT can also be evaluated
through the MT ratio, which represents an MR signal intensity ratio in the presence and
absence of radio-frequency power applied to immobile macromolecules. This ratio provides
an indication of the net transfer of magnetization, through either chemical exchange or
dipole-dipole interactions, from immobile protons to observed protons in bulk water. The
transfer rate itself, ky,, can also be quantified and, unlike MT, does not depend explicitly
upon longitudinal relaxation, that is, upon T1. Therefore, in our analysis, we have presented
results for kp, rather than for MT.

T2 and ki, are sensitive to a number of biophysical tissue characteristics. In cartilage,
increased MT ratio and k, have been generally associated with increased macromolecular,
and in particular collagen, content. In a study of ky, as a function of collagen concentration
in gels, values in the range of 1 to 2 sec®™ 022121 were obtained for collagen concentrations
above 5% w/v, with k, clearly increasing as a function of concentration (47). These values
are similar to those obtained in our study; this is consistent with an interpretation in which
collagen concentration is the dominant determinant of the MT phenomenon, even in a
complex tissue such as skin. Indeed, comparable values for ky, were also found in the very
different environment of developing engineered cartilage tissue (48). In addition, while ky,
as a function of collagen concentration was not directly presented, there was a clear increase
with concentration in a related parameter, MTR=k,T1, 55, With the latter quantity being the
T1 value for free water obtained in the presence of the radio-frequency power applied to
immobile macromolecules as described above. Finally, although a dependence of
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magnetization transfer on collagen cross-linking has been clearly established (49,50), and a
cross-linking defect has been long-recognized in human Ol (51), we did not detect a
difference in k,, among comparable layers in the skin of the +/+, oim/+, and oim/oim mice.
However, although the extent of collagen cross linking was not measured directly in this
study, the ratio of mature to immature cross links, as estimated by the collagen crosslink
parameter from the IR analysis, was significantly lower in the oim/+ and oinyoim mice as
compared to controls.

In skin, the degree of magnetization transfer has been shown to be highest in the epidermal
and papillary dermal layers and lowest in the reticular dermis (52,53), consistent with our
observations. Thus far, however, the effects of the Ol-associated collagen | mutation in the
dermis have not been evaluated by MRI. In fact, while MR studies are sensitive to both
collagen I and 11 (36,38), there has been negligible success in discriminating between them
with MR, although one study reported some difference in MT rate between collagen type |
and Il gels of equal macromolecular concentration (36). However, the focus of the present
study was not to distinguish between collagen types, but rather to exploit the established
dependencies of MRI parameters on collagen content.

Relationships between tissue hydration and T2 relaxation rates have been well-established in
cartilage and isolated collagen fibrils (48,54,55), with the greater water mobility associated
with increased hydration being reflected in larger T2 values. T2 is also sensitive to collagen
content (48,56) and is therefore often used to evaluate cartilage degeneration. Similarly, T2
measurements have been taken as reflecting bound and free water content in skin layers
(31). Like ki, T2 is also dependent upon collagen crosslinking; decreased T2 is seen with
greater degrees of crosslinking (50). As was also the case for ky,, we did not observe a T2
difference between the corresponding layers in +/+ and oim/oim skin, indicating that the IR
parameters are more sensitive to this molecular feature.

Finally, we note that the T2 parameter itself, representing the conventional monoexponential
time constant for spin-spin relaxation, is itself an approximation to what is more likely
multiexponetial relaxation arising from multiple tissue compartments in each skin layer. In a
study of hydrated collagen Il (55), two components with relaxation times that depended
upon the degree of collagen hydration were detected. Values were in the range of 5 ms and
100-200 ms, respectively. The more rapidly relaxing component was the more abundant of
the two, so that a monoexponential fit to the relaxation data would be expected to fall closer
to that shorter value, as was observed in the present work. Somewhat different values have
been obtained using a different measurement technique (57), but confirmed the presence of
multiple T2 components representing compartmented water. Of course, comparison between
results obtained on hydrated collagen and on intact skin can be interpreted in qualitative
terms only. Multiexponential T2 relaxation has also been observed in native and degraded
cartilage, which, like skin, has a large collagen content (58). Multiexponential T2 analysis
has not yet been carried out in skin, to our knowledge, but such experiments are likely to
yield insight into the biophysical microstructure and interactions between compartments of
that tissue (49). Implementation, however, would be complicated by the need for highly
spatially resolved measurements.

The most striking features of the histologic data are the changes in layer thickness and the
introduction of a new layer, layer Ill, located beneath the usual dermal layer, layer Il, in the
oim/oim mouse. The marked thinning of the dermis, the most collagen-rich of the skin
layers, is consistent with the underlying collagen defect of Ol. This thinning was seen in
skin samples from the homozygous oim/oim mice and, to a lesser extent, in heterozygous
oim/+ mice; this represents an intermediate phenotype in the heterozygote, as has also been
reported in other tissues (24). Masson's trichrome staining was consistent with a less well-
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organized collagen network in the upper dermal layer (layer Il) in the homozygotes as
compared to the wildtype, accompanied by thinning of this layer. Finally, the marked
increase in the number of melanin-rich hair bulbs in the anagen stage of growth seen in the
oim/oim samples is consistent with a more hydrophilic environment due to decreased
collagen content and impaired packing (59).

In this study high-resolution MRI permitted the visualization of the epidermal, dermal and
hypodermal fat layers of the skin. The physical-chemical basis of MRI contrast differs from
that of histologic staining, so that it is not to be expected that the morphology of the
delineated layers will be identical between the two modalities. However, MRI findings
largely recapitulated those from histology. The thinning of the upper dermal layer in the
homozygotes was well visualized, as was the presence of the thicker inferior dermal layer,
as compared to the wildtype. These features were also seen, though less consistently, in the
heterozygous mice. The possibility that the inferior dermal layer might be an extension of
the hypodermal fat layer (layer 1V) was ruled out by the application of spectroscopic fat
suppression, which attenuated the signal from the fat layer, as expected, but not from the
inferior dermal layer.

Transverse relaxation times in the range of 10-23 ms have been reported in the dermis (29),
consistent with the values reported here. The larger value of T2 seen in the upper dermal (ll)
layer in the homo- and heterozygous Ol mice, as compared to the same layer in the wild
type, is consistent with increased hydration in this collagen-rich zone, reflecting the fact that
T2 increases with hydration. In the present case, this may be due to lower collagen
concentration or impaired lateral packing resulting from the absence of the a2(l) chain in the
oim/oim mice, and the presence of both homotrimeric and heterotrimeric collagen 1 fibrils in
the oim/+ mice (60). Thus, the noninvasive MRI data is consistent with known
characteristics of these genotypes. The largest value of T2 for layer 1l was seen in the oim/+
skin; this is consistent with the finding of the largest lateral distance between collagen
monomers in oim/+ as compared to +/+ and oimYoim mice (60). The reason for the
comparable finding in layer IV, the fat layer, is less clear.

The MT rate in layer Il was 40-50% smaller than in layer Il in homozygous (cinvoim) and
heterozygous (oim/+) mouse skin, consistent with a lower collagen content in layer Ill. In
contrast, MT rate was similar among genotypes within each skin layer.

FT-IRIS clearly demonstrated distinct dermal layers and their most prominent
macromolecular characteristics. The collagen integrity parameter as used here was
developed as a measure of collagen helical instability in cartilage (43) and has not been
validated as a marker of skin collagen characteristics. Nevertheless, as a marker of a
collagen-specific, rather than a tissue-specific, feature, it is plausible that its interpretation
with respect to skin collagen would be similar. This parameter was found to be lowest in the
oim/oim skin, consistent with decreased collagen quality in that phenotype.

The FTIR collagen crosslink parameter was developed to probe the ratio of immature to
mature collagen crosslinks in bone (44). Biochemical studies have demonstrated a
significant reduction of stabilizing intermolecular crosslinks in bone in the oim/oim mouse
(42). Our finding of a decrease in this parameter in the skin of the oim/oimand ocimy+ mice
as compared to the wildtype is consistent with previous findings (9). FTIR and MRI have
been used previously in a complementary fashion to assess collagen-containing tissues (61).
This combined approach builds on previous work exploiting proteoglycan-sensitive MRI
(62) and FT-IRIS (63) methods for tissue analysis. In the present study, the results of
combined MRI and FT-IRIS analyses are consistent with a decrease in collagen content as
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well as potential alteration in the integrity of the collagen framework. These findings are
consistent with the skin fragility and reduced elasticity seen in O1(12,64).

Formation of the stable collagen triple helix structure within the skin of the homozygous
(21,65). This may lead to a particularly hydrophilic environment, as manifest in the
observation of increased T2 in these mice. These findings are further consistent with the
histologic findings of hair follicles in the anagen stage of growth within the lower dermal
layer of homozygous mice, since this growth stage is favored in a hydrophilic environment
(59), as would be consistent with decreased collagen content. Studies of the conditions
promoting the follicle anagen stage have also indicated the presence of a rapid rate of
collagen framework remodeling, attenuating crosslinking in collagen fibrils (59). This is
consistent with the present FT-IRIS data indicating a smaller ratio of mature to immature
collagen crosslinks in the dermis of Ol mice.

In summary, MRI analysis of the skin of mouse models of Ol demonstrated marked
differences compared to control animals, and are consistent with histologic and FT-IRIS
analysis. MRI was sensitive to collagen-related alterations in the skin of Ol mice as
evidenced by the increased T2 and by the differences within layers in the MT parameter. We
conclude that MRI and FT-IRIS represent powerful complementary techniques for the
assessment of skin abnormalities in animal models of disease.
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Figure 1.

Luna (a and c) Masson's trichrome (b and d) histological staining of mouse skin from the
dorsum of wildtype (+/+) and homozygous oim/oim mice. The Masson’s trichrome stain
demonstrated a much reduced region of collagen-rich tissue in the oim/oim compared to the
+/+ animals and an increase in dermal adipose tissue (red arrow). The Luna stain showed a
loss of elastin fibers (white arrow) in the lower reticular dermal layer (lower part of layer Il
and layer I11) of the oimYoim compared to the +/+ skin samples. In the oim/oim mouse many
hair follicles were present that were in the anagen stage of hair growth, with large, heavily
pigmented, melanin-rich, hair bulbs. The hair follicles (black arrow) had thick root sheaths,
while sebaceous glands were small and inconspicuous. Epidermis — Layer |, Papillary
Dermis and Reticular Dermis — Layer Il and Hypodermal Fat — Layer IV.
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Figure 2.

To-weighted images (a) showed a clear demarcation of individual skin layers in the wildtype
control (+/+) and homozygous (cim/oim) mice skin samples. The fat suppression techniques
(TE=12ms, TR =15 s, NEX= 2) caused the hypodermal fat layer to be darkened (b) thus
permitting the identification of any fatty layers in the MR image. Differentiation of the
reticular dermal layer into an upper (layer I1) and a lower layer (layer I11) was seen in all the
oim/oim skin samples, and in one out of the four heterozygous (oimy+) skin samples
examined (pictured). Layers Ila and llb correspond to the papillary and reticular dermis,
respectively.
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Figure3.

Comparison of MR T,-weighted images and Masson's trichrome staining for collagen show
a correspondence between the layers observed using the two techniques. Horizontal contrast
banding (marked with an X in layers 11 and I11) is an indication of the lack of homogeneous
hydration across these layers in the oim/oim samples.
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Figure4.

Comparison of MRI-determined thickness and biophysical parameters among genotypes in
individual layers, where layer | = epidermis, layer Il = papillary and reticular dermis, layer
111 = extended lower dermal layer in oim genotypes, and layer IV = fat layer. (* p <0.05
between genotypes). a) Individual skin layer thickness, measured as a % of the total skin
layer. There was no difference in thickness of layer | among genotypes. Layer Il was
significantly reduced in the oimy+_and oim/oim mice compared to the +/+ mice, and in the
oim/oim compared to the oinV+ mice. Layer 111 was significantly thicker in the oim/oim mice
compared to the oinV+ mice. b) The highest T, values for all genotypes were seen in the
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hypodermal fat layer IV. T, values for the oim/+_mice were significantly higher than those
for the +/+ in layers I, 1l and IV, and significantly higher than those for the cin/oimin layers
I1, 11l and V. Further, the oim/oim values were significantly higher than the +/+ values in
layers Il and V. ¢) There were no significant differences in measured kyt (s#¥02212:1)
values among the three genotypes within each layer.
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Figureb5.

a) Infrared spectrum obtained from the dermal layer of a wildtype mouse skin. Absorbances
(A) specific to collagen are the amide 1 (C=0 stretching vibration), amide Il (C-N stretch
and N-H bend combination vibration) and the 1338 cm**02212:1 an absorbance that arises
from amino acid sidechain rotations. b) Infrared spectrum of pure melanin powder. The
1716 cm™02212:1 ahsorbance was utilized to map the distribution of melanin in the skin
sections.
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Figure®6.

H&E stained histology images (top row) and the corresponding FT-IRIS images of melanin
distribution (middle row, marked “m”) and protein distribution (bottom row, marked ‘p”) for
+/+, oim/oim and oirm/+ animals. The pixilation seen on the histology slides allows for
reproducible magnification and orientation in the FT-IRIS microscope. The axes shown are
in pixels, where 1 pixel = 25 microns. The units of the color bars are integrated area of
absorbance. The oim/oim tissues showed a strong correspondence between the dark, spotted
regions in the fatty layer of the HE stained sections and the high concentration and
distribution of melanin in the FT-IRIS image. The protein distribution showed a higher
concentration in the dermal regions compared to the fatty layer for all samples, reflecting the
presence of collagen.
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Figure7.

a) The collagen integrity parameter (calculated from the ratio of the integrated area under
the infrared 1338 peak (1356-1324 cm™*022121) tg the area under the amide |1 peak (1588
1488 cm™¥02212:1y) was found to be significantly lower in the oimoim tissues compared to
both the +/+ and oimV+ tissues (*p < 0.05). There was a trend (#p = 0.07) towards higher
values in the oim/+ compared to the +/+ tissues. b) The collagen crosslink parameter was
calculated as the ratio of the peak heights at 1660 cm**02212:1 and 1690 cm™*022121 and was
found to be significantly lower in the oim/oim and +/oimtissues compared to the +/+ tissues
(* p <0.05).
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