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Versican is a chondroitin sulfate proteoglycan ammbmponent of the extracellular matrix that
has previously been shown to have an importantdating the embryonic development of many
organs. In this study, versican expression irmtbeed, heart, lung and liver was tracked during
development in the mouse. Versican gene expressidmuantitativ-GAG
immunohistochemistry performed from embryonic day11.5 to E15.5 showed peak versican
expression at E13.5 in the lung and the brain. nftagive B-GAG immunohistochemistry and
MRNA analysis of the embryonic head, liver, andjltiad identical patterns of versican
expression. Versican degradation, as measuredPBABE immunoreactivity, showed an
inverse pattern of expression comparefl-t6éAG immunoreactivity, and there was co-
localization of-GAG and DPEAAE positive staining, suggesting caenpéntary roles of

versican deposition and degradation in embryogenesi
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| ntroduction

Versican, a member of the lectican family, is #wgést chondroitin sulfate proteoglycan
and a component of the extracellular matrix whiak bn important role in the development of
the lung, heart, musculoskeletal system, and daméraous system [1],[2],[3].[4],[5].[6].[7].

The structure of versican is characterized by gam@pmately 550 kDa core protein consisting
of an amino-terminal (G1) domain which binds hyahan and a carboxy-terminal (G3) domain,
as well as two central chondroitin sulfate glycosamglycan attachment domains, the GAG
and GAGp domains [5],[8],[9],[10] (Figure 1). Versican héglifferent isoforms: VO (which
contains botlw andp GAG chains), V1 (which contains only tiehain), V2 (which contains
only thea chain), and V3 (which contains neither GAG ch})11] (Figure 1). V1 versican
promotes cell growth, aggregation, and a mesenchgpitnelial transition, while the V2
isoform appears to have an inhibitory effect [1113][[13],[14]. The V2 (most likely exclusive to
brain), V3, V1, and VO isoforms are present in atasues [8],[10],[15]. The VO and V1
isoforms predominate during embryonic developmendtdecrease rapidly at birth
[3],[7],[10],[16],[17]. In one study, expressioh\d0 and V1 decreased in brain by 90% after
birth to a baseline, low adult level [7]. Througkeractions with hyaluronan and other
extracellular matrix molecules and cell surfacetgires, versican plays an important role in
regulating cell behaviors such as cell adhesiogyration, proliferation, differentiation,
apoptosis, morphogenesis, and extracellular matrkwater content maintenance [5],[6],[12],

[18],[19],[20],[21],[22].

Versican is present at low levels in most adsiues and is increased with inflammation

[23]. V2 versican is normally present in the ad@ntral nervous system, predominantly in
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white matter, in some neuronal somata and dendatespotentially in the perineuronal net
extracellular matrix [10],[11],[24]. Versican ihg CNS inhibits neural differentiation and
neurite growth and is increased following injurydaaitered in pathological conditions such as
multiple sclerosis [11],[14],[25],[26],[27]. In &hlung, versican accumulation is increased in
such pathological conditions as acute respirat@tyass syndrome (ARDS), chronic obstructive
pulmonary disease (COPD), sarcoidosis, tubercylestsinsic allergic alveolitis, and

experimentally induced asthma [22],[23],[28],[290].

In a previous study, the highest level of vensieapression in the mouse was detected
at embryonic day (E) 13.5, with a 21 day gestatymical for the mouse, and the versican signal
detected in the whole embryonic mouse was muchehitifan in adult tissues [31]. In adults,
the highest expression of versican is found inbitaén, with the least expression in the liver and
intermediate expression in the lung and heart [3i}he developing brain, the roles of the VO
and V1 isoforms in neural differentiation, neuradst cell migration, and neurite outgrowth have
been studied [16],[32],[33]. Immunohistochemigierformed in chick embryos showed
absence of versican in migration pathways and poesef versican expression in barrier tissues,
which suggests an important function of versicaformation of the peripheral nervous system
by guiding neural crest cells and axons to targgions [16]. Embryonic neural crest stem cells
from the mouse have also been shown to avoid V@Artaining substrates in vitro [34]. Both
VO/V1 and V2 gene expression have been demonstirateelironal precursor cells and glial
lineage cells isolated from E16 rat spinal cord mnckrebral cortex from E16 and E19 rats and
PO and P7 mice [10],[11],[35]. Increasing levdishe V2 isoform byr-GAG

immunohistochemistry have been reported in theldpireg rodent brain after P18 [7],[36].



Changes in versican gene expression and immunohetastry during development
have been well characterized in the heart [5],[37&rsican is critical in cardiac atrioventricular
canal (AVC) cushion development and ventriculataejprmation, and versican deficient mice
develop fatal cardiac defects by E10.5 [4],[5]uds¢s performed in later term murine embryos
have shown a significantly higher versican expm@sgi embryonic as compared to adult aorta

[38].

In the lung, previous work in the mouse sugges#k persican gene expression at E13.5,
with a subsequent notable decline over time to &£[3]. Immunohistochemical studies
performed in the mouse have also shown versicantison throughout the lung at E16.5, with
immunostaining present in the lung mesenchyme andhd the basement membrane of the
bronchiolar epithelium [40]. Studies in sheep hslvewn distribution of versican throughout the
perialveolar region at all embryonic ages evaluangth a decrease in versican lung expression
in the perisaccular and alveolar regions over dlsetrimester of pregnancy associated with a
reduction in lung tissue volume [3]. These ressiiggest an important role of versican in

structural lung development [3].

Versican immunohistochemistry is performed using-#&»AG or a-GAG antibody,
which react with the V2 and V1 versican isofornespectively [7],[10],[35] (Figure 1).
Previous studies in embryonic mice have shown gegitGAG thana-GAG staining in tissues
of the developing murine limb and human fetal spaumsistent with predominance of the V1
isoform during embryonic development [41],[42].efAbus work has shown bothGAG andp-

GAG reactivity in the developing rodent brain, altigh the distribution of immunostaining



differs somewhat for the two antibodies as areah as the fimbria of the hippocampus and

Purkinje cells are positive only @aGAG versican immunohistochemistry in late gestaf@b].

Versican and other proteoglycans are degradedf@yidy of A Disintegrin and
Metalloproteinase with ThromboSpondin motifs (ADAR)Iproteinases [43],[44],[45].
Cleavage of V1 versican by ADAMTS-1, -4, -5, ande8ults in an approximately 70 kilodalton
fragment containing the neoepitope sequence DPERAE[43],[45],[46],[47],[48],[49].
Previous studies have shown increased DPEAAE immneactivity adjacent to areas of versican
immunoreactivity in the embryonic mouse limb andrt§46],[50],[51]. Versican and
ADAMTS expression have also been shown to oventapad-localize in the embryonic heart
and lung suggesting increased proteolysis of vansittiring development [40],[50]. ADAMTS-
1 reactivity was the most pronounced in one stddgntbryonic limb development in the mouse
[46], and ADAMTS-1 also has been shown to be stypagpressed in the rodent embryonic
brain, heart, lung, limb, liver, spleen and kidjg],[52],[53]. The highest expression of
ADAMTS-1 in one study of embryonic mice occurredhe kidney, pancreas, lung, heart, and
placenta in late gestation (E16) [53]. In a studyg embryonic rats, ADAMTS-1 expression
decreased in later embryonic ages and in adultasb2]. ADAMTS-4 appears to be sparsely
expressed during mouse embryonic development pg],[ADAMTS-5 is expressed in many
tissues during mouse development (brain, limb neysehdon, and interdigital mesenchyme)
[40]. Severe developmental abnormalities havebeen noted in eithekdamts-1 or Adamts-5
knockout mice, althougAdamts-1"mice are smaller than wild type mice with reducexdility
and renal changes and a mild increase in cardige g&e in late embryonic development in

Adamts-5" mice has been reported [54],[55]. It is possibk there is redundancy or



compensation for the loss of one ADAMTS proteinagéhe others in terms of versican
proteolysis [40],[56]. Developmental anomaliestsas syndactyly and cleft palate have been

described in murine models with compound ADAMTSgemnutations [43],[57],[58].

The goal of this project was to track changes nsican expression via polymerase chain
reaction and immunohistochemistry in the brainrthéiger, and lung during embryonic
development at five time points in the mouse. fAyeothesis was that total versican expression
would change with key developmental events but doeinerally tend to decrease with
increasing gestational age. A secondary goalisfdioject was to track versican degradation
products during embryonic development, with a patér focus on the developing nervous
system and lung, with the hypothesis that DPEAAEIzan fragments would inversely correlate
with total versican expression. A five day timarfre during development centered on E13.5
was chosen, as this day has previously been shmWave the highest versican expression in the
total mouse embryo and in the developing mouse. [@lganges in versican gene expression and
guantitative versican and DPEAAE immunohistocheryisver this time period in the

embryonic mouse lung and brain have not previobsbn reported.



Materials and M ethods

Animal Model

C57BI6/J wild type mice (The Jackson Laboratory; Barbor, ME) housed under
standard conditions and a 12:12 dark: light cyateentime mated approximately 1 hour prior to
the onset of the dark cycle and were checked fesece of a vaginal plug the following
morning. Embryos were considered to be gestatiagal0.5 days (E0.5) on the morning that the
vaginal plug was identified. E11.5-E15.5 (inclegiembryos were harvested in the morning.
Embryos were staged to ensure age appropriateapgaeht, and embryos that did not appear
developmentally age appropriate were excluded [F9jree litters for each time point were
collected, with a median of 7 embryos per litted 20 embryos per time point collected.
Embryos were harvested and placed in ice-cold graisbuffered saline (PBS) solution. From
each litter harvested, three randomly-selected posbwere used for immunohistochemistry and
the remaining embryos were used for mRNA isolati@erebrum, heart, liver, and lung samples
were harvested from six 8-12 week old male and fei@&7BI6/J mice and used as controls.

All procedures were performed as part of an appt®egentific protocol in accordance with the

University of Washington Institutional Animal Casiad Use Committee (IACUC).

Quantitative Real Time Reverse Transcription-PCR

Embryos used for mRNA isolation were dissectedtarchead, whole heart, whole lung,
and whole liver were removed and placed in R&i& (AMBION, Austin, Texas) at a 1:10 ratio
and stored at 4°C for less than 1 week until preiogs Head, heart, lung, and liver from all of

the embryos in the litter were pooled by organnfidNA isolation, with the exception of heads
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from E13.5 and older embryos, which were processedrately due to their larger size. For
E13.5 and later embryos, the face and snout wasaisd from the head and removed prior to
processing. Tissues from six adult mice were ctéléd immediately following C@euthanasia
and included a section of cerebral cortex, sagtation of heart incorporating atria, valve, and
ventricle, portion of liver lobe excluding gall bider, and section of peripheral lung excluding
trachea and primary bronchi. Tissues for immurtoblsemistry (brain, removed in its entirety
and sectioned in the sagittal plane; liver; lunyg] heart) were harvested from three of these

adult wild type C57BI/6 mice following C{euthanasia.

For mRNA isolation, tissues were removed from Raté& and placed in 1:100 lysis
buffer with beta-mercaptoethanol. Tissues weredgenized for 20-40 seconds and centrifuged
for 4 minutes at 400xG. RNA was extracted fromgbhpernatant using RNAeasy Mini Kit as

directed by the manufacturer (QIAGENww.giagen.coand cDNA was reverse transcribed

using random primers with the High Capacity cDNA/&se Transcription Kit as directed by
the manufacturer (Applied Biosystems, Foster Gt4). Quantitative real time reverse
transcription polymerase chain reaction (PCR) weafopmed on a ABI Prism 7900HT Fast
Real-Time PCR System using Tag Man Universal PCRt&fdViix Reagents as directed by the
manufacturer (Applied Biosystems, Foster City, CAhe ABI Gene Expression Assays used
are as follows: versican, Hs00171642 m1;18S, H399@1 s1; VO primer (MUVO),
A1X00D8; V1 primer, Mm00490173 m1; V2 primer (MUVA1WR170; V3 primer,
Rn01493763_m1; ADAMTS1, Mm00477355 _m1. The ABI GExeression Assay forward
and reverse primers are proprietary. NormalizedN\Revels were then expressed as -fold of

levels in adult control tissues using the compaeatiycle thresholdGt) method. DeltaCt (ACt)



was calculated as the differencednwvalues for the target genes compared to 18S aatives|

mRNA was calculated as*2“* as previously described [60],[61].

Total versican PCR was performed two times per $afop the liver and heart and three
times per sample for the lung and head. Versisaform PCR (VO primer, V1 primer, V2
primer, V3 primer) was performed once for the lamgl head, with all samples on a single plate.
PCR was performed once with all of the samples single plate with the Versican V3 plasmid
(mouse) total versican standard (generous giftathkeen Braun, Benaroya Research Institute)
at dilutions of 3x10"5 copies, 3x10"4 copies, 3X306pies, 3x10"2 copies, 30 copies, and 0
copies/9 pL. A versican standard curve was cootdurelatingCt value to versican copy
number. The copy number for the embryonic tisfizs®d on versican mRN&t values for
15ng cDNA was calculated according to this standargie using the equation: Copy number =

en(-0.7482Ct + 29.4752).

Versican and DPEAAE Quantitative Immunohistochemistry

Embryos for immunohistochemistry (IHC) were remo¥ean the embryonic
membranes, fixed in 10% neutral buffered formatindpproximately 24-48 hours, and then
transferred to 70% ethanol for approximately 243@@rs prior to processing. Embryos at 14.5
and 15.5 days post conception were chilled on it anesthetized and immobile and were
either decapitated or transected caudal to thexhwith sharp scissors prior to formalin fixation.
Embryos were routinely paraffin embedded with tresdryos per litter on one slide positioned

in the same orientation and sectioned along thitalglane to include brain, heart, lung, and



liver. Heart, lung, liver, and brain from 8-12 wead adult control mice harvested following

euthanasia by carbon dioxide asphyxiation weramelyt processed and paraffin embedded.

The primary antibody to detect versican accumaitatvas thgg-GAG antibody
(Millipore #1033, lot #2006928) for one hour at @/mL following pretreatment with
Chondroitinase ABC for 1 hour and HIER1 (Citratef) 0 minutes. Immunohistochemistry for
thea-GAG antibody (Millipore #1032) at 2 pg/ml for oheur following pretreatment with
Chondroitinase ABC for 1 hour and HIER1 (Citratet) 10 minutes was also performed on one
litter (three individual embryos) of E12.5 embryo®l two litters (three embryos per litter) of
E13.5 embryos. Immunohistochemistry was perforfoe@® PEAAE-reactive versican
fragments using theDPE Vc neoepitope (Thermoscientific #PA1-1748A#NE161982) at 2.5

pag/mL (Primary antibody) for 1 hour with HIER2 (EBY for 10 minutes.

Slides were scanned in Brightfield at a 20X objextising a Nanozoomer Digital
Pathology slide scanner (Hamamatsu; Bridgewaten, M&sey). The digital images were then
imported into Visiopharm software (Hoersholm, Demnkhdor analysis. Using the Visiopharm
Image Analysis module, regions of interest (ROlsjevmanually drawn around relevant areas.
The software was then trained to label Versicantpesor DPEAAE-positive staining versus
unstained tissue using a project-specific configansbased on a threshold of pixel values. The
images were processed in batch using this confiiguréo generate the desired outputs (area of
Versican, ratio of Versican to total tissue areaaaf DPEAAE, and ratio of DPEAAE to total

tissue area).



A sample image of organ measurements obtaineaisdad (Figure 2). Head and brain
measurements were obtained separately. Brain wasured exclusive of the ventricle. Head
was measured exclusive of the snout and soft tissapproximate the sample obtained for
MRNA analysis. If the organ was not visible orsahntially damaged during processing, then
analysis was not performed. Based on output fon eanbryo analyzed, the mean value for each
organ at each embryonic age was calculated by givey¢éhe results for the three embryos in

each litter and then averaging the three littesmfeach embryonic age.

Satistics

Statistics and images were generated in GraphRsith PSan Diego, California). For
PCR analyses of total versican gene expressioriplthéncrease over the adult control was
calculated for each embryo litter on two separates for liver and heart and three separate runs
for head and lung. Three litters per time pointevaésed for E11.5, E12.5, and E15.5. Four
litters per time point were used for E13.5 and B14/alues from each PCR run for fold
increase over adult control of each embryo litterevaveraged and the result was log
transformed to yield an approximately normal disttion. For PCR analyses of the four
versican isoforms, the fold increase over adult@dnvas calculated for each embryo litter on
one run for the lung and head samples only. pFGAG versican and DPEAAE quantitative
immunohistochemistry analyses, the ratio of posisitaining to total tissue area was calculated
for each organ in each embryo and values from mitiee same litter were averaged and log
transformed to yield an approximately normal disttion. Age and organ comparisons for PCR

and quantitative immunohistochemistry data werdyaed by one way ANOVA followed by
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Tukey's post test. Statistical results with a juga< 0.05 were considered statistically

significant.
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Results

Versican relative mRNA ishighest in thelung and head at E13.5, and by E15.5 an adult
pattern of relative versican expression is present, with the highest expression in the brain and

lowest expression in theliver.

All of the embryonic tissues had higher levels efsican gene expression by PCR than
the adult controls (Figure 3). The embryonic head significantly higher versican gene
expression than the adult brain at E13.5, E14.8& Eib.5 (p<0.05). The embryonic heart had
significantly higher versican gene expression tt@nadult heart at E12.5 and E13.5 (p<0.05).
The embryonic liver had significantly higher veesicgene expression than the adult liver at
E11.5, E12.5, and E13.5 (p<0.05). The embryomg liad significantly higher versican gene
expression than the adult lung at E11.5, E12.5,£53d E14.5 (p<0.05). In the adult, the liver
had the least versican expression (27 copy nungaer$5ng cDNA) and the brain had the most
versican expression (1705 copy numbers per 15ngdDNersican gene expression in the
heart and lung was intermediate, with 1435 copylmensiand 552 copy numbers per 15ng

cDNA, respectively.

Among the embryonic tissues, the liver had thetleassican gene expression at every
time studied (Figure 3). Further, versican gen@ession in the liver varied significantly by
time (p=0.0024) and versican expression decreagadisantly from E11.5 to E15.5 (p<0.05).
Versican expression in the liver &y value for 15ng cDNA was significantly lower thanthe
lung and heart at E11.5 and than in the lung, reatthead at E12.5, E13.5, E14.5, and E15.5

(p<0.05). Versican gene expression in the heagased from E11.5 to E15.5, and at E15.5 the
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head had the highest versican gene expressiongi@ealue, highest copy number) of all of
the organs. Versican gene expression in the haadignificantly higher at E13.5 than at E11.5
and E12.5 (p<0.05). Versican gene expressionaruihg was greatest at E13.5, although this
difference was not statistically significant. AtES5, the heart had the highest versican gene
expression of the organs tested, and the versiqaiession was lower at E15.5 than at E11.5,
although this difference also was not statisticaignificant. At E15.5, the pattern of relative
versican gene expression for the organs testedheasame as in the adult, with the highest
expression in the brain, lowest expression initrex,|and intermediate expression in the heart
and lung (Figure 3). The highest cumulative vensigene expression in the head, heart, liver,

and lung occurred at E13.5 (Figure 3).

The relative gene expression of the versican isoforms VO and V1 is high in embryonic lung
and head, and the relative gene expression of the V2 isoform increases with time in the

embryonic head but not in the lung.

Gene expression of the four versican isoforms watuated over time in the lung and
the brain (Figure 4). Relative mRNA expressiondfocrease over adult control) was highest
for VO and V1 at all time points both in the head ghe lung. In the head, VO and V1 isoform
gene expression was significantly higher at E1I8ahtat E11.5 and E12.5 (p<0.05), and the VO
isoform expression in embryonic head was also Bogmitly higher at E15.5 than E11.5
(p<0.05). Inthe lung, VO and V1 isoform expressiiid not vary significantly over time. Gene
expression of the V2 isoform in lung was similathat of the adult control tissue at every
embryonic time point and did not vary significangyany embryonic age (normaliz€tvalue

for adult control = 23.1 for 15ng cDNAGt value for E11.5 to E15.5 lung = 23.9 to 24.4 fond
13



cDNA) (Figure 5). However, the normaliz€tl value for the V2 isoform in the brain of the
adult control and in the embryonic heads variedisantly (normalized adulCt value = 19.5

for 15ng cDNA; E11.5Ct value = 22.8; E12.Bt value = 21.7; E13.5 to E15G values = 20.1

to 20.13 for 15ng cDNA; p=0.0004), and the reladM&isoform expression in the head was
significantly higher at E13.5, E14.5, and E15.5thaE11.5 (p<0.05) and significantly higher at
E13.5 than at E12.5 (p<0.05) (Figure 5). Whilertlative V3 mRNA expression was similar
for embryonic and adult lung samples tested (V&iso expression in embryonic lung ranged
from 0.7 to 1.3 times that of adult control lungstie), the relative V3 mRNA expression for
embryonic head ranged from 4.2 (E11.5) to 10.6 (B)ltdnes that of the adult control brain
tissue. Relative gene expression of the V3 isofdicimot vary significantly by embryonic age

in the lung but was significantly higher at E1&n at E12.5 in the head (p<0.05).

ADAMTS1 gene expression is similar in the adult and embryonic head, heart, and liver, but

not in the lung.

In contrast to versican, the relative gene expoasst ADAMTSL1 for the embryonic
organs was similar to that of the adult contraduis for the head, heart, and liver. In the
embryonic head, relative ADAMTS-1 gene expressanged from 1.3 to 4 times that in the
adult brain. In the embryonic heart, relative ADABF1 gene expression ranged from 1.5 to 2.1
times that of the adult control at the time potetsted. In the embryonic liver, relative
ADAMTS-1 gene expression ranged from 0.6 to 1.%efirthat of the adult control at the various
time points. ADAMTSL1 relative mRNA expression hetadult lung was higher than in the

other organs, and therefore the relative mMRNA esgiom in the embryonic lung was
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approximately 10% that of the adult lung at masietipoints tested. There was no significant

difference in ADAMTS-1 gene expression with embrgoage in any of the organs studied.

Quantitative f-GAG versican immunohistochemistry mirrors versican mRNA expression.

Representative images from embryos at E11.5, EEA3.5, E14.5, and E15.5 are shown
(Figures 6-10).3-GAG versican immunostaining throughout most ofdhgans of the embryo
was seen, although consistently little positivitgaaseen in the liver. In the lung at all agesether
was strong immunoreactivity to tieGAG antibody. At E11.5 to E12.5, there was strong
staining of the mesenchyme of the lung bud (théading for lung development), with little
positive staining in airway (Figures 6 and 7). Ef3.5, very strong staining was present through
the mesenchyme including the periphery of the lang the basement membrane, with little to
no immunopositivity of the developing epitheliumdéres 8 and 11). At E14.5 and E15.5, there
was marked expansion of airways and alveolar spébdittle immunoreactivity of the
epithelial cells, strong positivity of the basemem@mbrane, and moderate to strong
immunoreactivity of the mesenchyme, although acfasduced immunoreactivity in the regions
surrounding the bronchi and along the outer susfatéung were noted compared to earlier
gestational ages (Figures 9, 10, and 11). Thesesigmificantly greateB-GAG versican

immunoreactivity of the lung at E13.5 compared 1d. 55 (p<0.05).

In the brain at E11.5, there was a single vertnath weakB-GAG immunopositivity of
a surrounding thin rim of cortex and relativelylétwhite matter. The strongest staining at this
age was present in the deep cortex and the dewnglegite matter, as well as in the roof of the
fourth ventricle. Pronounced staining of the mebgme of the developing skull, nasal process,

and jaw was present (Figure 6). At E12.5, there wereased immunoreactivity noted in the
15



roof of the neopallial cortex and midbrain andhe tleep layers of the developing medulla and
pons/midbrain. Increased and more clearly defimkie matter was present at this stage, with
immunoreactivity especially of the white mattertjdeep to the developing gray matter, such as
the corpus striatum (Figure 7). At E13.5 the cibplexus was just apparent and little
immunopositivity in the cells of the choroid plexwas noted, but staining in the connective
tissue stalk supporting the choroid was noted.rd s increased white matter at this stage,
and positive staining of the white matter was apipted. Also at this stage, there was an
increasingly laminar appearance to the cortex imitheased immunoreactivity of the roof of the
neopallial cortex and roof of the midbrain and inmopositivity of the developing olfactory
lobe. There was very strong, homogeneous staofitige upper lip, palatal shelf of the maxilla,
and primordial cartilage at this stage. There l#s staining of the ganglion of the fifth crahia
nerve and the semicircular canals and gangliohegttghth cranial nerve (Figure 8). At E14.5
and E15.5, increasing convolution and organizatiotie neural tube and ventricular system
was apparent. There was less staining in comjigal matter and no staining was noted in the
epithelial cells of the choroid plexus. The whitatter was expanded and strongly stained,
although slightly less intensely compared to E18t%14.5 and E15.5. There was strong
staining of the cerebellar primordium at E14.5 &i&.5 (Figures 9 and 10). There was
significantly greater versican immunoreactivitytbé brain at all ages compared to the adult

control (p<0.05).

The liver had the leatGAG versican staining by quantitative immunohisismistry
at all of the time points tested, and the amouasitive staining decreased significantly over

time (Figure 12). The liver had the most pronodf&€&AG versican immunoreactivity at
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E11.5, with mild to moderate intracellular (nucleand lesser extracellular staining. At E12.5,
there was a notable decrease in the number ofyosklls, with some positivity in the
cytoplasm. In later stages, there was virtuallyaositive staining in the liver, with only mild
staining of occasional blood vessels. There wgisfgtantly greatef-GAG versican staining in
the liver at E11.5 compared to E14.5, E15.5, aerdattult control (p<0.05). The liver had
significantly les$3-GAG immunoreactivity than the lung and the braialaembryonic times

tested (p<0.05).

The brain and the head had identical patterfis@AG versican staining over time, with
the head consistently higher than the brain (Fig®)e The pattern f-GAG versican
immunoreactivity over time in the brain and thedhearrored the mRNA results, with a lower
value at E11.5 and E12.5 and then increased vatuég older time points, with the highest

value at E13.5 (Figures 13 and 14).

Very little positiveB-GAG versican staining was noted in the adult b(&i8% ratio of
positive versican expression to total tissue ateay, (0.4% positive expression); lung (0.05%

positive expression); and heart (0.4% positive esgion).

Quantitative DPEAAE immunohistochemistry inversely correlates with f-GAG

immunoreactivity.

The liver also had the least positive staining bgigitative immunohistochemistry for
DPEAAE at all of the time points tested, and thevant of positive staining did not vary
significantly over time. Weak cytoplasmic immunacgvity was noted at E11.5; at subsequent

stages, virtually no immunoreactivity was notedj an few positive regions were seen both on
17



DPEAAE and versican immunohistochemistry that iswéficult to co-localize areas of positive
staining. The liver had significantly less DPEAA€Rining than the brain and lung at E14.5 and

E15.5 (p<0.05).

The pattern of DPEAAE immunoreactivity was thedrse of the pattern gtGAG
versican immunoreactivity for the lung and the bravhen the versican immunoreactivity was
greatest, the DPEAAE was lower, and vice versau(éig.5). For the brain, anti-DPEAAE
positive staining decreased significantly from Bltb. E13.5 (p<0.05). The DPEAEE
immunoreactivity was significantly higher at everybryonic time tested than in the adult
control (p<0.05). In the developing brain, ther@swveak overall staining at E11.5 and E12.5,
and staining was most pronounced in the cortexE18.5, there was increased positivity of the
cortex and in cortical cells lining the ventricl€here was mild intranuclear staining of cells in
the deeper layers of the gray matter and mild inopositivity in the developing white matter,
which increased in the white matter and developneglulla at E14.5. At E15.5, there was
increased staining in the white matter and supalfeortical layers and supporting stroma of the
choroid plexus. Areas of positive staining on DIEEAIHC co-localized with regions of
positive staining of-GAG versican IHC in the supporting stalk of the@hd plexus and in the
deeper gray matter and superficial white mattegrspf the developing cortex and in the white
matter of the medulla at the later stages (E13d&utyh E15.5) (Figures 16 and 17). Much
weaker DPEAAE staining than versican staining veensn the developing cartilage, nasal

cavity, and jaw.

In the lung, anti-DPEAAE immunoreactivity was lemat E12.5 and E13.5 than at E14.5

and E15.5. At E12.5 and E13.5, there was very waskcytoplasmic staining of the lung
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mesenchyme. At E13.5, there was more pronounc&BE immunoreactivity of the
mesenchyme, which increased at E14.5 and E15.8cydarly around the basement membrane
and the external surface of the pulmonary parenahyvhich co-localized with areas of
decreased versican immunoreactivity at these &jgsré 18). There was no significant

difference in DPEAAE immunoreactivity over timetime lung.

Virtually no DPEAAE immunoreactivity was seen idudt brain, heart, lung, or liver (all

tissues <0.1% ratio of positive DPEAAE expressmiotal tissue area).

Versican a-GAG immunohistochemistry mirrors versican V2 gene expression in thelung and

head of E12.5 and E13.5 embryos.

In the whole embryo at E12.5 and E15.5, therelegsi-GAG thanp-GAG
immunoreactivity (Figure 19). Consistent with ieswf V2 versican isoform gene expression
by mRNA, there was little-GAG versican immunoreactivity in the E12.5 and B18ng, with
only mild positivity of the cells lining the airwayFigure 20). However, in the embryonic brain
at E13.5, there was moderate to stra§AG as well ag-GAG versican immunoreactivity
throughout the white matter, deeper gray mattet amtricular lining cells and cells of the
choroid plexus (Figure 19; Figure 20). There wgniicantly highera-GAG staining in the

brain compared to the liver and lung at E13.5 (PSP.
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Discussion

Similar to a previous study [31], we found thabtotersican gene expression by PCR is
significantly higher during embryonic developmemn in adult tissues, and the highest total
versican gene expression in the embryo occursyaE#a.5. In our study, we further
investigated versican gene expression in individugans (the liver, lung, head, and heart), and
found that during embryonic development in the tpeeod tested, these organs each have
higher versican expression than the correspondinfj argan. We also examined versican
expression in the embryo immunohistochemically fanchd that areas of versican expression in
the lung and brain generally involved regions df peliferation and differentiation and
locations of scaffolding for tissue development amdration, such as the pulmonary
interstitium, the developing roof of the neopaltaktex and hindbrain, and the white matter
tracts. We found that these areas of versicaressmn co-localized with DPEAAE expression.
Similar to the adult, at the latest embryonic tipoent tested (E15.5), versican gene expression

was lowest in the liver, highest in the brain, antdrmediate in the heart and lung.

Liver

Relative versican gene expression and vergie@AG immunoreactivity in liver was
low at all embryonic time points tested and deadasgnificantly from E11.5 to E15.5. In
murine liver development, the hepatic sinusoidsnffnom E10-E11, and from E11.5-E12.5 the
liver begins to rapidly enlarge as it assumes tiraary responsibility for hematopoiesis from
the yolk sac [59],[62]. From E11.5-E15, the livearkedly expands and contains a greater

proportion of hepatic parenchyma and fewer sinusfb8],[62]. At E15.5, the primary site of
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hematopoiesis for erythroid and myelolymphoid preots shifts to the spleen [62]. This change
in liver function relative to hematopoiesis and axgion of the hepatic parenchyma with relative
decrease in the sinusoids at E11.5 likely expliassubsequent decrease in versican throughout

liver development.

Heart

In mice, the heart is the first organ to develophviormation of paired cardiogenic
plates at E7.5 and a rudimentary circulatory systeptace by E8.5-E9 [59],[63].
Differentiation of the outflow tract and the aodipulmonary spiral septum occurs at E10-E11,
development of aortic arch occurs at E12, and batvizel 3 and E14 the aorta separates from the
pulmonary tract, interatrial and interventriculaptation progresses, and the cardiac valves
appear and develop [59],[63]. By E15.5, the carascular system has essentially completed its
prenatal structure [59],[63]. Versican gene exgispreviously has been shown to occur at
high levels during cardiac development [37]. Veasi expression has been detected
immunohistochemically in the endocardial cushiofithe AV canal, the outflow tract, the aortic
sac, and the ventricular subendocardium; howelitie, Versican expression is reported in the
myocardium [37],[50]. At E11.5, we found that tmghest versican gene expression by versican
copy number of all the organs tested was in thethaad we found that versican gene
expression in the total embryonic heart by mRNA Wwigher than that in the adult heart at every
time point tested. In our study, relative versigame expression in the heart was higher during
the early time points of gestation (E11.5 - E13&) subsequently decreased in the heart at
E14.5 and E15.5. E11.5 to E13.5 is a time ofaaitdifferentiation of the cardiac vasculature

and formation and remodeling of the atrioventricakashions, which requires an epithelial to
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mesenchymal transition [63]. Versican depositind proteolysis most likely has an important
role mediating cellular proliferation, the epitt@imesenchymal transition, and migration of

cells through a developmental scaffold [12],[50][5

Given the strong body of literature regarding v&siisoform gene expression and
immunohistochemistry in the heart, we chose totlforither investigation of versican isoform
expression and versican and DPEAEE immunohistoatedranalysis to the central nervous

system (brain) and the lung.

Brain

In murine nervous system development, the forebraidbrain, and hindbrain vesicles
form at E8.0, and division of the forebrain vesiddorm the third ventricle and telencephalic
vesicles occurs at E9, with subsequent differantiadf the telencephalic vesicles from E10-11
[59]. At E12, hypothalamic, thalamic, and otoagsterentiation and expansion of the corpus
striatum occurs, and the 3rd ventricle decreaseze[59]. The choroid plexus first appears at
E12.5-E13.0, and expansion of the neopallial costeck differentiation of the olfactory lobes and
pituitary gland occurs from E12.5 to E14, with sfr@ation of the neopallial cortex to form the
primary cortex at E14 [59]. At E15, pronouncedatiéntiation of the cerebellar primordium and
olfactory lobes is apparent and the olfactory ldbesome lined by olfactory epithelium [59]. In
our study, versican gene expression in the headsigagicantly higher at E13.5, at the time of
neopallial cortex and olfactory lobe expansion diffiérentiation, compared to earlier embryonic
ages. Relative ADAMTS-1 gene expression in emhoybead showed a similar pattern to

versican gene expression, although differenceslative ADAMTS-1 gene expression at the
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various embryonic ages were not statistically sigamnt. Previous studies have demonstrated
strong ADAMTS-5 and transient and more limited ADABI9 expression in the embryonic

brain; these were not investigated in the pregentyg40],[64].

On immunohistochemistry, versican immunoreactiwgs most pronounced in the white
matter and in the roof of the neopallial cortex amdbrain at all ages, with the strongest positive
versicanB-GAG staining noted at E13.5 and later, consisaetit our mMRNA results. Staining
decreased in intensity at E14.5 and E15.5 comparBd 3.5, but increased in extent. Areas of
positive staining on versicghGAG immunohistochemistry co-localized with are&suati-
DPEAAE staining. A previous study performed in theat E16 showed versicanrGAG andp-
GAG immunoreactivity in the marginal zone of thesdwal cortex, internal capsule, and optic
and olfactory tracts [35]. Similar to these finglén at later ages (E13.5, E14.5, and E15.5) we
notedB-GAG versican immunopositivity of the marginal zarfeahe neopallial cortex, roof of
the midbrain, cerebellar primordium, and develomifgctory lobe. At later ages (E14.5 and
E15.5), we also noted increased DPEAAE staininp@white matter and superficial cortical
layers, which co-localized with regions of positB#65AG versican staining in the deeper gray
matter and superficial white matter layers of tegaloping cortex and in the white matter of the
medulla. In other regions of the embryonic braumh as the periventricular gray and adjacent
white matter, positiv-GAG versican staining co-localized with areas edative DPEAAE
staining. Patterns of positive staining on quatitie DPEAAE immunohistochemistry for the
brain were the inverse @fGAG versican staining. These results suggest tamgntary but
antagonistic roles of versican and versican degiadduring embryogenesis of the central

nervous system, with proteoglycans such as vergiotantially facilitating cell growth and
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mediating cell migration through a provisional exgllular matrix, as has been previously
proposed to occur in lung and musculoskeletal agreént and in lung inflammation [22],
[46],[65],[66]. Degradation of versican may oceoilimit further migration and cellular
differentiation once the process is complete.hiliraina-GAG immunoreactivity increased
towards later gestational ages and in adult cantominsistent with a significant increase in V2
versican isoform mRNA expression in later gestatwinich also suggests a switch towards

inhibition of neural proliferation and outgrowth leter embryonic development [10],[13],[14].

One drawback of the current study is that versgeme expression in the embryonic head
was used as an estimate of gene expression irrdire given the difficulty of removing the
brains from the calvaria at the earlier time paintsierefore, some developing bone and skin
was analyzed in addition to the nervous tissueviBus studies in humans have shown high
versican expression in fetal skin which may haveca¢d our results [17]. On our quantitative
immunohistochemistry analysis, we measured heademd separately and found a similar
pattern for all of the embryonic ages studied,altih versican immunoreactivity was
consistently less for the brain than for the whadad. We feel that embryonic head serves as a

reasonable approximation of embryonic brain formiRNA data.

Lung

In mice, lung development begins at E 9.5, witiglbuds sprouting from the foregut
tube [39],[59]. From E10 to E11, the lung budseexitfrom the ventral aspect of the developing
esophagus into the pericardio-peritoneal canatspgrE12 primary and secondary bronchi have
developed [59]. At E13, pulmonary arteries enterlting buds, lobation of the right lung

occurs, and the epithelial lining of the lower aags first appears. From E13 to E14, splanchnic
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mesenchyme condenses in anticipation of subsedgifésrentiation of the connective tissue,
smooth muscle, and cartilage of upper airwaysm&iy, secondary and tertiary bronchi are
apparent with differentiation of the terminal brobhand bronchioles by E15 [59]. From E14.5

to E16, there is a pronounced increase in bronedipér region of lung [59].

We showed maximum versican expression in embrylonig at E13.5, at the time of
pulmonary vascularization, lung lobation, and aiegithelialization, with a subsequent decline
at later embryonic ages, consistent with resulisre¥ious studies in mice and sheep [3],[39].
We also saw strong versicAfGAG immunoreactivity at all ages examined througttbe
mesenchyme of the developing lung with pronouncemsitipe staining of the basement
membrane of airways but little to no positive sitagnof the airway epithelium. These findings
suggest a role of versican in development of thg kasculature and expansion of the alveolar
space. In our study, versicBfGAG immunoreactivity was significantly higher il&5 lung
compared to E11.5 lung and also appeared to decie#ater gestation. At E14.5 and E15.5,
there was reducgttGAG immunoreactivity around the airways and altimg periphery of the
lung, which co-localized with areas of increasedijpaty on DPEAAE staining and suggests
degradation of versican in these regions oncepeeliferation, differentiation, and migration has
occurred. Patterns of positive staining on quatmie DPEAAE immunohistochemistry for the
lung, as in the brain, were the invers@gbAG versican staining, suggesting antagonistiesol
of versican deposition and versican proteolysisromoting and inhibiting cellular proliferation,
adhesion, and migration through a provisional eeitalar matrix during development, as has
been previously proposed during embryonic develoyirfoe the musculoskeletal system and

heart [46],[50],[66]. As in the brain, versicarpaars to be important for lung development in
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mediating epithelial-mesenchymal interactions arviging an extracellullar matrix rich in

growth factors which acts to regulate cell adhesiod proliferation [12],[18],[65].

In our study, ADAMTS-1 gene expression in the fétalg was much lower than in adult
lung at all of the time points tested, which is oohsistent with a previous report of ADAMTS1
expression during murine development [53]. Thealues for the embryo lung ADAMTS1
samples were similar to those for the other orgamsir study, but th€t values for the adult
lung samples were very low, and we would needpeatthe PCR study on other adult lung
samples to verify this unexpected finding. Stremgression of ADAMTS-9 in the mesenchyme
of the lung from E14.5 to E17.5 has also been presly shown, which was not investigated in
the current study [64]. We focused on ADAMTS-1 eegsion because it was reported in the
literature to be one of the most widely expressBdMTS proteinases during embryonic
development; however, investigation of the relageae expression of single ADAMTS
proteases during organ development may not bediaatly relevant. Evidence from previous
studies suggests that redundancy or compensationi¢sing or deficient ADAMTS proteases

may occur [57],[58].

In this project, versican accumulation was measbyeidnmunohistochemistry using the
B-GAG antibody. The anfi-GAG antibody mainly reacts to VO and V1; wherdasantie-
GAG antibody mainly reacts to V2 [10],[35]. In didulow levels of3-GAG versican are
present in health, and versican increases in tigednd other organs following injury and in
many types of neoplasia [1],[6],[25],[28],[29],[44RIpha-GAG versican, in contrast, is
normally present throughout the postnatal and gekribd in the central nervous system [10].

Limited immunohistochemistry in the present studing thea-GAG antibody was performed,
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which showed substantially legsGAG thanB-GAG immunoreactivity at E12.5 and E13.5 in
most tissues, consistent with our findings ofditd2 versican isoform gene expression in the
embryonic head, heart, liver, and lung. HoweweGAG immunoreactivity and V2 versican
isoform mMRNA expression were detected in the emfigybrain at E13.5 and later stages of

gestation, consistent with development of a mordtagrsican isoform profile in the brain.

Limitations of this study include relatively smalimple sizes and differences in organ
analysis between embryos and adults. The usegdrl@ambryonic litter sizes may have resulted
in more statistically significant trends over tifioe versican gene expression and quantitative
immunohistochemistry in the organs tested. Anoling@tation is that the entire embryonic
organ was used for gene expression assays, anasdrgan littermates were pooled, while a
representative portion of the organ was used filwgratiult. This may have led to discrepancies
in versican content depending on organ locationpseah especially for less homogenous organs
such as the heart and the brain. Nevertheleséintiags of this study suggest that versican
deposition and proteolysis is important in embrgatevelopment of the lung and brain from
E11.5to E15.5 in the mouse. This study advarteesiterature by providing a comprehensive
investigation of versican isoform mRNA expressiggr,sican-GAG immunoreactivity, and

DPEAAE immunoreactivity in the brain and the lurfglee mouse during mid to late gestation.
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Conclusions

Consistent with its putative role in cell proliféom and migration during development,
we found significantly increased levels of versiggme expression afidGAG
immunoreactivity in the embryonic head and lung pared to adult controls. Versican
expression was highest at E13.5 in the lung antthi@, an embryonic age in the mouse
associated with rapid expansion and differentiatibthese two organs. Versican degradation as
measured by DPEAAE immunoreactivity tended to iselr mirror versicafi-GAG
immunoreactivity in these organs and increaseteldter gestational ages, following the peak
versican expression at E13.5. There was a moié @adile of versican gene expression in the
various organs at the last gestational time peistied, consistent with a decrease in cell

proliferation, differentiation, and migration intéa gestation following organogenesis.
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Figurel. Versican has 4 different isoforms: VO, V1, V2da¥3. The structure of versican
isoform, VO, is characterized by an approximatélQ &Da core protein consisting of an amino-
terminal (G1) domain which binds hyaluronan an@daxy-terminal (G3) domain, as well as
two central chondroitin sulfate glycosaminoglyc@iaehment domains, theGAG andp-GAG
domains. The immunohistochemical staining propsrtising antibodies specific to & AG
andp-GAG domains allow for the identification of thersiean isoforms in tissues. Figure
courtesy of Charles W. Frevert.

Versican

Isoform
Anti-aGAG
Anti-BGAG

V1 - +

Hyaluronan

vz o+

V3 -

29



Figure 2. Positive staining (brown) for tffGAG domain of versican in E11.5 (left) and E14.5
(right) embryonic tissue with hematoxylin counttis (blue). Sample images of regions of
interest (ROIs) manually drawn around the organasueed using the Visiopharm Image

Analysis module.
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Figure 3. Cumulative versican gene expression by embryonic day is highest at E13.5.
Contribution to the total embryonic gene expressipnwersican copy number in the lung, liver,
heart, and brain is shown at E11.5, E12.5, E1318,% E15.5, and in the adult control. Changes
in the amounts of MRNA for versican were determingilg mMRNA collected from embryonic
organ homogenates and quantitative real time PERersican standard curve was constructed
using the versican V3 plasmid (mouse) total versatandard relatin@t value for 15ng cDNA

to versican copy number.
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Figure4. TheV0and V1 versican isoforms predominate in embryonic head and lung from
E11.5to E15.5. Changes in the relative amounts of mRNA for ther fversican isoforms were
determined using mMRNA collected from embryonic arpamogenates and quantitative real
time PCR. Values are the mean + SEM with a mininm#@ for each group studied. The
expression of mMRNA for the versican isoforms inéh&bryonic head (top) and lung (bottom) is

expressed as a relative fold increase in mMRNA theadult control.
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Figure5. The V2 versican isoform increasesin embryonic head but not lung at E13.5.
Changes in the relative amounts of mMRNA for thevégsican isoform were determined using
MRNA collected from embryonic organ homogenatesarahtitative real time PCR. Values
are the mean = SEM with a minimum n=3 for each grstwdied. The expression of mRNA for
the V2 versican isoform in the embryonic head (@) lung (bottom) is expressed as a relative
fold increase in MRNA over the adult control. Astaaisk () shows groups that are significantly
different (p < 0.05).
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Figure 6. Representative E11.5 embryo®AG immunohistochemistry, identifying key
anatomic structures. Positive stainingfeGAG is brown with a hematoxylin counterstain
(blue).

rocf of midbrain

cerebellar primordium

mesencephalic vesicle fourth ventricle

dizncephalon

third ventricle

mandibular portion of 1zt branchial arch

telencephalic vesicle

\'\ ke T wall of bulbis cordis

nasal process atrial chamber

ericardial cavr
hepatic primordium ¥ e

lumen of stomach lung bud

main bronchus

34



Figure7. Representative E12.5 embryo®®AG immunohistochemistry, identifying key

anatomic structures. Positive stainingffeGAG is brown with a hematoxylin counterstain

(blue).
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Figure 8. Representative E13.5 embryo®AG immunohistochemistry, identifying key
anatomic structures. Positive stainingfeGAG is brown with a hematoxylin counterstain
(blue).
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Figure 9. Representative E14.5 embryo®®AG immunohistochemistry, identifying key

anatomic structures. Positive stainingeGAG is brown with a hematoxylin counterstain

(blue).
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Figure 10. Representative E15.5 embryo (&AG immunohistochemistry, identifying key

anatomic structures. Positive stainingeGAG is brown with a hematoxylin counterstain

(blue).
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Figure 11. Versican expression in embryonic lung ismaximal at E13.5. Top panel: Versican
B-GAG quantitative immunohistochemistry (left) amdiative gene expression (right) in
embryonic lung over 5 embryonic ages. Bottom pavietsican-GAG immunohistochemistry
at E11.5 (A, 17.5x magnification); E13.5 (B, 20ajd E15.5 (C, 19x). Positive immunostaining
for versican is brown with hematoxylin used as anter stain (blue). Changes in the versican
IHC were determined by calculating ratio of versita total tissue area using the visiopharm
image analysis module. Changes in relative amafmsRNA for versican were determined
using mMRNA collected from embryonic organ homogesand quantitative real time PCR.
Values are the mean £ SEM with a minimum n=3 farhegroup studied. The expression of
MRNA for versican is expressed as a relative fotdlgase in mRNA over the adult control. An

asterisk {) shows groups that are significantly differenk(p.05).
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Figure 12. Versican expression in embryonic liver decreasesfrom E11.5to E15.5. Top

panel: Versicafi-GAG quantitative immunohistochemistry (left) amdiative gene expression
(right) in embryonic liver over 5 embryonic agd3ottom panel: Versicap-GAG
immunohistochemistry at E11.5 (A, 20x magnificajidal3.5 (B, 10x); and E15.5 (C, 20x).
Positive immunostaining for versican is brown wi#gmatoxylin used as a counter stain (blue).
Changes in the versican IHC were determined bytaiag ratio of versican to total tissue area
using the visiopharm image analysis module. Changeelative amounts of mRNA for
versican were determined using mRNA collected fesmbryonic organ homogenates and
guantitative real time PCR. Values are the me&&EM with a minimum n=3 for each group
studied. The expression of mMRNA for versican igregsed as a relative fold increase in mMRNA

over the adult control. An asterisi §hows groups that are significantly differenk(p.05).
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Figure 13. Thereishigher B-GAG immunor eactivity in embryonic head than brain,

although the pattern of positive staining issimilar in both regions, and versican g-GAG
immunor eactivity in the embryonic brain issiginificantly higher than in the adult control.

Top: Quantitative versicaprtGAG immunohistochemistry in brain versus headve €mbryonic
ages. Bottom: VersicgitGAG immunoreactivityover time at five embryonic ages and in adult
control brain. Changes in tfleGAG versican quantitative immunohistochemistry ever
determined by calculating ratio of versican to lttitsue area using the visiopharm image
analysis module. Values are the mean £ SEM withramum n=3 for each group studied. An

asterisk ) shows groups that are significantly differenk(p.05).
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Figure 14. Versican expression in embryonic head ismaximal at E13.5. Top panel:
VersicanB-GAG quantitative immunohistochemistry (left) amdiative gene expression (right) in
embryonic head over 5 embryonic ages. Bottom pa&ekicanf-GAG immunohistochemistry
at E11.5 (A, image at 5x); E13.5 (B, image at 1)28rd E15.5 (C, image at 1.25x). Positive
immunostaining for versican is brown with hemataxylsed as a counter stain (blue). Changes
in the versican IHC were determined by calculataigp of versican to total tissue area using the
visiopharm image analysis module. Changes inivel@mounts of mMRNA for versican were
determined using mMRNA collected from embryonic arpamogenates and quantitative real
time PCR. Values are the mean + SEM with a mininm#@ for each group studied. The
expression of MRNA for versican is expressed adadive fold increase in mRNA over the adult
control. An asterisk-J shows groups that are significantly differen&(p.05).
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Figure 15. Thereisan inverse pattern of staining on B-GAG versican and DPEAAE
guantitative immunohistochemistry for both thelung and the head during embryonic
development. Patterns of positive staining on quantitative inmohistochemistry for versican
B-GAG (upper left) and DPEAAE (upper right) immunacévity for embryonic brain (upper
panel) and for versicghtGAG (lower left) and DPEAAE (lower right) immunaetivity for
embryonic lung (lower panel). Change$#®AG versican and DPEAAE quantitative
immunohistochemistry were determined by calculatirggratios of versican and DPEAAE to
total tissue area using the visiopharm image agigedule. Values are the mean £+ SEM. An

asterisk ) shows groups that are significantly differenk(p.05).
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Figure 16. Thereisabundant positive staining for B-GAG versican but sparse positive
staining on DPEAAE at E13.5in the developing neopallial cortex. A. Versican IHC.

Positive staining fop-GAG versican is brown with hematoxylin used a®anterstain (blue); B.
DPEAAE IHC. Positive staining for DPEAAE is browrith hematoxylin used as a counterstain

(blue). Both images at 5x magnification.
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Figure 17. Areasof stainingin the embryonic brain on versican and DPEAAE
immunohistochemistry colocalize. E15.5 cerebral cortex (A and B) and medullart@ B). A
and C:3-GAG versican IHC; B and D: DPEAAE IHC. Positivaising forp-GAG versican

and DPEAAE is brown with hematoxylin used as a t¢ergtain (blue). In some regions on
DPEAAE IHC, areas that stain strongly on versidd@ lare positive, such as the white matter of
the corpus striatum and the medulla (black arrows)other areas of versican positivity, such as
surrounding the lateral and fourth ventricle, therereak DPEAAE immunoreactivity (white

arrows). All images at 5x magnification.
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Figure 18. Areasof staining in the embryonic lung on versican and DPEAAE
immunohistochemistry colocalize. A. E13.5 Versicaf-GAG IHC (40x magnification); B.
E13.5 DPEAAE IHC (40x); C. E15.5 Versic8AGAG IHC (20x); D. E15.5 DPEAAE IHC
(20x). There is strong homogeneous versican s@iof the mesenchyme at E13.5 (A,B) and
little DPEAAE staining at this age. At E15.5 (C,BJeas of negative staining on versican IHC
(white arrows) at the periphery of the lung and@umding the airways correspond to areas of
positive staining on DPEAAE IHC (dark arrows). sRive staining for versicap-GAG and

DPEAAE is brown, with hematoxylin used as a cowtten (blue).
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Figure19. Thereisweaker a-GAG than B-GAG staining in thewhole embryo at E12.5 and
E13.5. A and C:a-GAG immunohistochemistry at (A) E12.5 and (C) E513B and D:B-GAG
immunohistochemistry at E12.5 (B) and E13.5 (Dysifve staining for versicam-GAG and

versican3-GAG is brown, with hematoxylin used as a coungens(blue). Images at 1.25x

magnification.
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Figure20. Thereisgreater a-GAG immunoreactivity in the brain than in thelung or liver

at E13.5. Top:a-GAG (left) andB-GAG (right) immunohistochemistry in the lung at¥3.
Bottom: Versicani-GAG andB-GAG immunoreactivity by quantitative immunohistechistry

by organ at E13.5. Positive staining for versiega®BAG and versicafi-GAG is brown, with
hematoxylin used as a counterstain (blue). Imagés magnification. ChangesarGAG and
B-GAG versican quantitative immunohistochemistry evdetermined by calculating ratio of
versican to total tissue area using the visiopharage analysis module. Values are the mean =
SEM.
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