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Abstract

NFIB (nuclear factor | B) is a NFl transcription factor family member, which is essential for the development of a variety
of organ systems. Salivary gland development occurs through several stages, including prebud, bud, pseudoglandular,
canalicular, and terminal. Although many studies have been done to understand mouse submandibular gland (SMG)
branching morphogenesis, little is known about SMG cell differentiation during the terminal stages. The goal of this study
was to determine the role of NFIB during SMG development. We analyzed SMGs from wild-type and Nfib-deficient mice
(Nfib™"). At embryonic (E) day 18.5, SMGs from wild-type mice showed duct branching morphogenesis and differentiation
of tubule ductal cells into tubule secretory cells. In contrast, SMGs from Nfib™~ mice at E18.5 failed to differentiate into
tubule secretory cells while branching morphogenesis was unaffected. SMGs from wild-type mice at EI16.5 displayed well-
organized cuboidal inner terminal tubule cells. However, SMGs from Nfib”~ at E16.5 displayed disorganized inner terminal
tubule cells. SMGs from wild-type mice at E18.5 became fully differentiated, as indicated by a high degree of apicobasal
polarization (i.e., presence of apical ZO-| and basolateral E-cadherin) and columnar shape. Furthermore, SMGs from wild-
type mice at E18.5 expressed the protein SMGC, a marker for tubule secretory cells. However, SMGs from Nfib™~ mice
at E18.5 showed apicobasal polarity, but they were disorganized and lost the ability to secrete SMGC. These findings
indicate that the transcription factor NFIB is not required for branching morphogenesis but plays a key role in tubule cell
differentiation during mouse SMG development.
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Submandibular gland (SMG) development requires syn-
chronization of multiple signaling pathways to regulate cell
migration, proliferation, apoptosis, and differentiation
(Patel et al. 2006). These processes are regulated by the
functional integration of growth factors, cytokines, and
transcription factors (Jaskoll et al. 2004). Mouse SMG
development involves 2 major steps: duct branching mor-
phogenesis and acinar differentiation (Martinez 1994).
Development of the mouse SMG starts at embryonic (E)
E11.5 (prebud stage), a period in which epithelial cells pro-
liferate and form a localized thickened epithelium adjacent
to the developing tongue (Tucker 2007). At E12.5 (bud
stage), the epithelial cells continuously proliferate, invagi-
nate into the underlying mesenchyme, and form the epithe-
lial bud (Tucker 2007). The epithelial bud further grows and
forms a solid epithelial cord that begins branching morpho-
genesis (E13). Then, clefts deepen into the epithelial cord
between E13 and E14.5 (pseudoglandular stage) and con-
tinue branching (Tucker 2007). The solid epithelial branches
undergo lumen formation through apoptosis of the inner cells
at E15.5 (canalicular stage) (Tucker 2007). Lumenization is
completed and the terminal tubules inner cells become
cuboidal and begin to differentiate into tubule secretory

cells at E17.5 (terminal bud stage) (Tucker 2007). The ter-
minal tubule cells become columnar and display apicobasal
polarity and further differentiate into 2 transient secretory
cell types; proacinar (type III) and terminal tubule (type I)
cells at E18.5 (Yamashina and Barka 1972; Cutler and
Chaudhry 1974). Type III cells develop into seromucous
acinar cells of the mature salivary glands (Yamashina and
Barka 1972; Denny et al. 1988; Moreira et al. 1991). Type I
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cells are thought to contribute to the formation of adult
SMG intercalated ducts (Denny et al. 1988). The SMG pro-
tein C (SMGC) is present almost exclusively in type I cells
throughout development (Ball and Redman 1984). However,
it is also expressed in a subset of granular intercalated duct
cells in adult SMGs (Zinzen et al. 2004). The role of SMGC
in salivary gland development is not well understood.
However, the initial expression and exocrine packaging of
SMGC during development may prime terminal differentia-
tion of salivary mucous and seromucous acinar cells (Das
et al. 2009).

The nuclear factor I (NFI) gene family encodes 4 site-
specific transcription factors (e.g., Nfia, Nfib, Nfic, and Nfix)
that are essential for the development of a number of organ
systems in mice (Gronostajski 1986, 2000). In particular, the
family member nuclear factor I B (NFIB) has been shown to
be essential for fetal lung maturation and brain development
in mice (Steele-Perkins et al. 2005). Lung development is
regulated by mesenchymal-epithelial interactions similar to
the salivary glands (Cutler and Gremski 1991). Furthermore,
both lungs and salivary glands share analogous branched
patterns and tissue organization. Therefore, the goal of this
study was to explore whether the NFIB plays a role in mouse
SMG cell differentiation.

Materials and Methods

Experimental Animals

Homozygous Nfib-deficient (Nfib ") mice were generated
by removal of the second exon from the Nfib gene, which
encodes the transcription factor NFIB DNA-binding and
dimerization domain as described previously (Steele-
Perkins et al. 2005). Nfib "~ mice were backcrossed into the
C57BL/6 background, and C57BL/6 was used as a wild-
type control. All animals were bred and maintained at the
Laboratory Animal Facility of Roswell Park Cancer Institute.
Polymerase chain reaction (PCR) genotyping was per-
formed using Nfib™~ specific primers: forward: 5-GCTGA
GTTGGGAGATTGTGTC-3" and reverse: 5'-TTCTGCTT
GATTTCGGGCTTC-3" as described previously (Steele-
Perkins et al. 2005).

Gross View

Mouse embryos were collected at E18.5 and fixed over-
night in 4% paraformaldehyde in phosphate-buffered saline
(PBS). SMGs were dissected out from wild-type and Nfib "~
mice and photographed (Zeiss Axiopht photomicroscope;
Carl Zeiss, Thornwood, NY, USA).

Histology

Formalin-fixed E16.5 and E18.5 SMGs were dissected out,
embedded in paraffin, and stained with hematoxylin and

eosin as well as 1% toluidine blue, as described previously
(Lee et al. 2009). Toluidine blue specimens were prepared at
the University at Buffalo Histological Services, Department
of Pathology and Anatomical Sciences, by fixing and dehy-
drating SMGs and embedding in plastic (Epon). The blocks
were then cut into 1-pum-thick sections and stained. Sections
and mosaic images were obtained using a Leica DMI6000B
inverted microscope (Leica Microsystems, Mannheim,
Germany).

Immunohistochemistry

For 10 min, 5-pm thick deparaffinized sections were incu-
bated in 5% urea containing 50 mM B-mercaptoethanol at
90 °C (Das et al. 2009). Sections were then incubated for 30
min in 0.3% hydrogen peroxide in methanol, 5% normal
goat serum, and 1% bovine serum albumin in 1x PBS.
Sections were subsequently incubated with the primary
antibodies overnight at 4 °C as follows: rabbit anti-SMGC
antiserum (1:1,000, a kind gift from Dr. Lily Mirels,
Berkeley, CA, USA) that was raised against a bacterially
expressed GST-SMGC fusion protein (Ball et al. 1993) and
rabbit anti—aquaporin-5 (1:100; Santa Cruz Biotechnology,
Santa Cruz, CA, USA). After incubation with peroxidase
goat anti-rabbit (1:500 dilution in 5% goat serum; Santa
Cruz Biotechnology) for 1 h, antigens were localized using
an avidin-biotin-peroxidase  complex kit (Vector
Laboratories, Burlingame, CA, USA). Antibodies were
diluted in 1x PBS containing 2% normal goat serum and
0.2% Triton X-100. Tissue sections were washed 3 times in
1x PBS for 5 min each between steps.

Confocal Microscopy Analyses

Formalin-fixed, paraffin-embedded mouse SMG tissue sec-
tions were deparaffinized by 3 washes for 5 min each in
100% xylene. Sections were washed twice for 5 min in
100% ethanol, twice for 5 min in 95% ethanol, and 5-min
washes in 80%, 70%, and 50% ethanol. Sections were then
washed twice for 5 min in distilled water. Antigen retrieval
was performed by placing the slides in a pressure cooker
(Nesco, Two Rivers, WI, USA) filled with 1x sodium citrate
(5.98 g sodium citrate dissolved in 2 L distilled water and
0.05% Tween 20 adjusted to pH 6.0) for 6 min. Sections
were allowed to cool down to room temperature and rinsed
with PBS. This procedure was followed by permeabiliza-
tion with 0.1% Triton X-100 (v/v) for 45 min at room tem-
perature. Finally, sections were washed 3 times for 5 min
each in 1x PBS and incubated at 4 °C for 48 h with the fol-
lowing primary antibodies: rabbit anti—ZO-1 (1:50 dilution
in 5% goat serum; Invitrogen, Carlsbad, CA, USA) with
mouse anti—E-cadherin (1:100 dilution in 5% goat serum;
BD Biosciences, San Jose, CA, USA) and rabbit anti-NFIB
(1:50 dilution in 5% goat serum; Sigma, St. Louis, MO,
USA) with mouse anti—E-cadherin (1:100 dilution in 5%
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goat serum; BD Biosciences). The following day, the slides
were warmed to room temperature for 20 min and washed 3
times for 5 min each with 1x PBS. Tissue sections were
incubated for 1 h with Alexa Fluor 488—conjugated goat
anti-rabbit (1:500 dilution in 5% goat serum; Invitrogen),
washed 3 times with 1x PBS, and incubated with phalloidin
633 (1:400 dilution in 1x PBS; Invitrogen) for 1 h. All sec-
tions were stained for 30 min with propidium iodide nucleic
acid stain (1:3,000 dilution in 2x sodium citrate; Invitrogen).
Images were taken using a Carl Zeiss 510 confocal micro-
scope, and localization of proteins was visualized using the
ZEN software (black edition; Carl Zeiss).

RNA Extraction and Quantitative PCR

RNA was extracted with TRIzol reagent (Invitrogen), and 2
to 5 ug was used for random hexamer primed complemen-
tary DNA (cDNA) synthesis with Superscript II (Invitrogen).
Transcript levels were quantified by quantitative PCR
(QPCR) with a Bio-Rad (Hercules, CA, USA) iCycler real-
time PCR machine using SYBR Green as described previ-
ously (Steele-Perkins et al. 2005). All comparisons were
made between homozygous mutant and wild-type litter-
mates. All results were normalized to f2-microglobulin lev-
els. Sequences of the primers are available upon request.

Statistical Analyses

Data are means + SEM of results from 3 or more determina-
tions. Data were analyzed by 1-way analysis of variance
(ANOVA) followed by linear trend analysis where P < 0.05
represents significant differences between experimental groups.

Results

Nfib-Deficient (Nfib™") Mice Display SMG
Hypoplasia at E18.5

We compared the gross morphology of wild-type and
Nfib"~ SMGs at E18.5. As shown in Figure 1, SMGs from
wild-type mice were approximately 2.5 mm in length and
1.5 mm in width (Fig. 1A). In contrast, SMGs from Nﬁb_/_
mice were approximately 1.5 mm in length and 1.3 mm in
width (Fig. 1B). When comparing mosaic images, we
observed that SMG from wild-type animals showed well-
developed interlobular regions with an oblong structure
(Fig. 1C). However, SMGs from Nfib'"~ mice showed
poorly developed lobular regions and a small round struc-
ture (Fig. 1D). The characteristics observed in SMGs from
Nfib”"™ mice are indicative of SMG hypoplasia (Fig. 1B, D).
We were able to distinguish SMG and sublingual glands
(SLGs) in the wild-type mice at E18.5 (Fig. 1C, red arrow);
however, this distinction was not evident in glands from the
Nfib”"™ mice at the same stage or in wild-type animals at

E16.5 (Fig. 1B, D). Furthermore, a complete lack of mucin
expression in Nfib”~ mice and E16.5 wild-type mice was
observed (Appendix Fig. 1A, B, D-F, H), indicating that the
mucous component of the gland is absent in Nfib "~ mice
and E16.5 wild-type mice. Mucin expression was expressed
only in E18.5 wild-type glands (Appendix Fig. 1C, G, red
arrow). Hematoxylin and eosin staining also showed the
lack of SLGs in both the wild-type and the Nfib’ mice at
E16.5 (Appendix Fig. 2).

Submandibular Glands from Nfib”~ Mouse Fail to
Differentiate into Ductal Tubule Secretory Cells

We compared histology sections from wild-type and Nfib™"~
mouse SMG at E18.5 (Fig. 1E-H). Wild-type mouse SMG
displayed compartmentalized lobes, which contained tree-
like glandular epithelial networks surrounded by fibrous con-
nective tissue (Fig. 1E-H). The SMG ducts were branched
(Fig. 1E, G, yellow arrows) and displayed lumens in the
wild-type mouse SMG at E18.5 (Fig. 1E, G, red arrows).
Although the Nfib"~ mouse SMG showed canaliculized ducts
and branching (Fig. 1F, H, yellow arrows), it lacked tubule
secretory cells, and ducts were connected directly with termi-
nal buds (i.e., displayed poor lumen formation) (Fig. 1F, H,
aquamarine arrow). Wild-type SMG at E18.5 displayed duc-
tal terminal tubule cells that were connected with tubule
secretory cells (Fig. 1G, green arrow). The tubule secretory
cells in SMGs from wild-type mice at E18.5 were terminated
with proacinar type III cells (Fig. 1G).

The toluidine blue—stained sections showed each termi-
nal tubule lined with well-polarized and differentiated
tubule secretory cells with numerous secretory granules
(Fig. 2A, red arrows) and some individual secretory cells
(Fig. 2A, inset a, red arrow) in SMGs from wild-type mice
at E18.5 but not at E16.5 (Fig. 2B, note the darkly stained
tubular cells). In contrast, each terminal tubule of the Nfib ™~
mouse SMG at E18.5 ended with a terminal bud, thereby
completely lacking tubule secretory cells (Fig. 2C, aquama-
rine arrow) similar to what we observed with Nfib”~ mouse
SMG at E16.5 (Fig. 2D). The end terminal bud cells
observed in the Nfib "~ mouse SMG at E18.5 and E16.5 dis-
played a polygonal shape and were randomly distributed in
a short stalk that was distal to the terminal bud (Fig. 2C, D).
We also observed some proacinar cells located at the distal
end of the bud in the Nfib”~ mouse SMG at E18.5 (Fig. 2C,
yellow arrow). We observed that the Nfib”~ mouse SMG at
E18.5 appeared to have more connective tissue than the
wild-type mouse SMG at E18.5 (Fig. 2C and 2A, respec-
tively). In general, these images show the presence of secre-
tory granules and lumen formation in wild-type SMG and
the absence of secretory granules and lumen formation in the
Nfib”"~ mouse SMG. Also, SMGs from Nfib~~ mice at E18.5
showed signs of underdeveloped lobules lacking tubule
secretory cells compared with wild-type mouse SMGs.
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wild type

Figure 1. The Nfib”"~ mouse submandibular gland (SMG) at
E18.5 displays signs of salivary gland hypoplasia and poor acinar
lumen formation. Salivary glands were dissected for gross view
and/or embedded in paraffin and stained with hematoxylin and
eosin as described in the Materials and Methods. SMGs from
the Nfib”™ mouse display a noticeable decrease in size and poor
lobule formation compared with SMGs from wild-type mice (A,
B). These characteristics were more evident in the stained SMG
sections that indicate salivary branching morphogenesis in both
groups. However, an absence of acinar lumens in the Nfib™"
mouse was evident (C, D). Shown at 10x are SMGs from the
wild-type and Nfib™" mice (E, F). The images were magnified to
40x to show specific details (G, H). SMG from the wild-type
mouse at E18.5 exhibits branched and canaliculized ducts that are
continuous and display lumen formation (E, red arrow). The SMG
from Nfib”~ mouse shows complete branched and canaliculized
ducts (F, H, yellow arrows) but lacks tubule secretory cells and
ducts are connected directly with terminal buds (i.e., poor lumen
formation) (F, aquamarine arrow). The wild-type SMG at E18.5
also displays ductal terminal tubule cells that are connected with
tubule secretory cells (G, green arrow).

wild type E18.5

wild type E16.5

Figure 2. The Nfib"~ mouse submandibular glands (SMGs) at
E16.5 and EI8.5 lack tubule secretory cells. Salivary glands were
dissected, embedded in paraffin, and stained with toluidine blue as
described in the Materials and Methods. In the wild-type mouse
SMG at E18.5, there are fully differentiated tubule secretory cells
located between duct and proacinar cells. These secretory cells
contain numerous secretory granules (A, red arrows) as well as
some individual secretory cells (A, inset a, red arrow). In the wild-
type mouse SMG at EI6.5, the inner duct tubule cells are darkly
stained, cuboidal in shape, and aligned in a row (B). In the Nfib™~
mouse SMG at EI8.5, the inner tubule cells failed to differentiate
and the overall morphology of terminal buds resemble those
from the wild-type mouse at E16.5. Also, in E18.5 Nfib"~ mouse
SMG, the proacinar cells are located at the distal end of the bud
(C, yellow arrow) and lack secretory granules (C, aquamarine
arrow). In the Nfib"~ mouse SMG at E16.5, the inner duct tubule
cells are polygonal in shape and disorganized (D).

Submandibular Glands from the Nfib”~ Mouse
Do Not Express SMGC and Aquaporin 5

We compared the secretory machinery between wild-type
and Nfib’"~ mouse SMG at E18.5 (Fig. 3A, B). As shown in
Figure 3 A (red arrows), wild-type mouse SMG at E18.5 dis-
played lumen formation and apical expression of the water
channel, aquaporin 5. In contrast, Nfib”'~ mouse SMG at
E18.5 did not show apical aquaporin 5 and failed to form
lumens or, in some instances, formed poor lumens (Fig. 3B,
yellow arrows).

We also observed in wild-type SMG at E18.5 that the
secretory protein SMGC was apically expressed in terminal
tubule secretory cells but was absent in proacinar and tubule
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Figure 3. The Nfib”" mouse submandibular gland (SMG) at
EI8.5 lack aquaporin 5 and SMG protein C (SMGC) expression.
Salivary glands were dissected, embedded in paraffin, and stained
with aquaporin 5 or SMGC antibodies as described in the
Materials and Methods. Strong aquaporin 5 immunohistochemical
localization along the luminal membrane of the tubule secretory
cells from wild-type mouse SMG was observed (A, red arrows).
However, there was an absence of immunohistochemical staining
for aquaporin 5 in the terminal buds of the Nfib”~ mouse SMG
and failure to form lumens (or displayed poorly formed lumens)
(B, yellow arrows). (B) Strong SMGC immunohistochemical
localization in the supranuclear region (C, red arrows) and in the
lumen of tubule secretory cells (C, red arrowheads) from wild-
type mouse SMG was observed. However, no immunostaining in
the proacinar cells of the wild-type SMG was observed (C). There
was an absence of immunohistochemical staining for SMGC in
the terminal buds of the Nfib”’~ mouse SMG (D). (Figures 3C and
3D were taken at 20%.) Quantitative polymerase chain reaction
analyses for SMGC were performed in wild-type and Nfib"~ mouse
SMG at E16.5 and EI8.5 (E). Numbers on the x-axis represent
litter records. Data represent the means + SEM of results from
3 experiments, where *P < 0.05 represents significant differences
from wild-type mouse.

cells (Fig. 3C, red arrows). The Nfib"~ mouse SMG at
E18.5 showed an absence of staining for SMGC throughout
the gland (Fig. 3D). Results from the QPCR analysis
showed that SMGC transcript expression from wild-type
mouse SMG is significantly decreased at E16.5 compared
with E18.5 (Fig. 3E). These results corroborate the immu-
nohistochemistry studies indicating that SMGC protein
expression is absent in Nfib "~ mouse SMG.

SMGs from the Nfib™~ Mouse Exhibit Normal
Cell Polarity but Altered ZO-1 Organization and
Lack Expression of the Protein NFIB

We compared the expression of apical and basolateral mark-
ers in wild-type and Nfib"~ mouse SMG at E16.5 and E18.5
(Fig. 4A-H). As shown in Figure 4A, wild-type mouse
SMG at E16.5 displayed apical expression of the tight junc-
tion protein ZO-1 (green) and basolateral expression of the
adherens junction protein, E-cadherin (red). Furthermore,
we observed apical lumen formation (Fig. 4A, B, aquama-
rine arrows). However, the Nfib"~ mouse SMG at E16.5
displayed disorganized apical ZO-1 and poor lumen forma-
tion, and the cells appeared to be in a disorganized arrange-
ment (Fig. 4C, D). The Nfib’"~ mouse SMG expressed
E-cadherin at the same time period (Fig. 4C, D); however, it
appeared reduced compared with E-cadherin in the wild-
type mouse SMG (Fig. 4A, B). Wild-type mouse SMG at
E18.5 displayed cell polarity and a round lumen in most of
the acinar and ductal structures (Fig. 4E, F, aquamarine
arrows). Interestingly, the Nfib”~ mouse SMG at E18.5 also
expressed E-cadherin and displayed cell polarity, but there
was absence of lumens in both acinar and ductal structures
(Fig. 4G, H). Appendix Figure 3 shows differentiation
between ductal lumen formation and terminal end buds
lumen formation, which can be noted by red and yellow
arrows, respectively. As shown in Figure 41-L, we corrobo-
rated that the NFIB was absent in SMG cells of Nfib”~ mice.
Wild-type mouse SMG at E18.5 expressed the NFIB pro-
tein in the nucleus of all cell types (Fig. 41, J). However, we
observed only nonspecific staining in SMGs from Nfib '~
mice at E18.5, suggesting an absence of the NFIB protein
(Fig. 4K, L and Appendix Fig. 4).

Discussion

In this study, we demonstrated that SMGs from Nfib~~ mice
develop normally until terminal tubules are formed, sug-
gesting that the transcription factor NFIB has little or no
effect on the initial bud formation, branching morphogene-
sis, and canaliculation during SMG development (see
Appendix Fig. 2). However, Nfib inactivation caused failure
in terminal tubule formation at E16.5 and tubule cell dif-
ferentiation at E18.5 (Figs. 1, 2). The terminal tubules
appear transiently during embryonic SMG development, as
they develop into intercalated ducts during postnatal SMG
development (Ball and Nelson 1978). Likewise, proacinar
cells differentiate into acinar cells right after birth (Moreira
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Figure 4. The Nfib”’~ mouse submandibular gland (SMG) exhibits normal cell polarity but altered ZO-| organization and does not
express the nuclear factor | B (NFIB). Salivary glands were dissected, embedded in paraffin, and stained with ZO-I (green), NIFB (green),
E-cadherin (red) antibodies, and propidium iodide (blue) as described in the Materials and Methods. Shown are confocal images of acinar
and ductal cells from SMG tissue sections at both 20x (A, C, E, G, I, K) and 63x (B, D, F, H, J, L maximum intensity projection of a
z-stack). Note that ZO-1 and E-cadherin maintain polarity (e.g., apical ZO-1 and basolateral E-cadherin) in SMG from both wild-type
and Nfib”™ mice at E16.5 (A-D) and E18.5 (E-H). However, the lumen is well developed in wild-type mouse SMG at EI8.5 (F, yellow
arrow) compared with Nfib "~ mouse at E18.5 (H), which lacks lumen formation. Aquamarine arrows (A, B, E, and F) show apical lumen
formation. SMG from the wild-type mouse at EI18.5 express the NFIB protein in the nucleus of all cell types (I and J, yellow arrow). The

Nfib™~ mouse SMG lack NFIB protein expression (K and L).

et al. 1990; Moreira et al. 1991). Therefore, it is apparent
that intercalated ducts (the smallest structures connected
directly to the acini) are formed as part of the secretory unit
rather than as ducts. Consequently, NFIB must play a key
role in the development of this secretory unit. The Nfib™"~
mice die immediately after birth due to incomplete lung
development (Steele-Perkins et al. 2005), and thus the role
of Nfib inactivation on postnatal SMG could not be investi-
gated in the present study. Future studies using localized

targeting of NFIB in SMG will be able to determine whether
it regulates the differentiation of acinar cells after birth.
Previous studies demonstrated that the mesenchyme reg-
ulates branching morphogenesis in a salivary gland—type
specific manner (Lawson 1972; Ball 1974; Nogawa and
Mizuno 1981), but mesenchyme failed to control terminal
acinar cell differentiation (Lawson 1972; Sakakura et al.
1976). Other studies demonstrated that rat SMG at E16.5
(pseudoglandular stage) cultured after removal of
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mesenchyme failed to branch but differentiated into acinar
cells (Cutler 1980; Cutler and Gremski 1991). These studies
support the notion that NFIB might play a role in epithelial
cell differentiation but not mesenchyme (as SMG from
Nfib"~ mice maintain branching). However, ectoderm-
mesoderm interactions are essential for the formation of
several structures that arise from the ectoderm, including
salivary glands (Jaskoll et al. 2003). Interestingly, a study
demonstrated that mesenchymal NFIB regulates both mes-
enchymal and epithelial cell proliferation through multiple
pathways essential for the maturation of distal lung epithe-
lium (Hsu et al. 2011). Therefore, future studies evaluating
the role of NFIB in SMG mesenchyme will be necessary.

We have demonstrated that the Nfib”~ mouse represents
a valuable model to understand salivary gland develop-
ment. Particularly, it would be useful to determine whether
NFIB controls genes involved in salivary gland develop-
mental disorders such as hypohidrotic ectodermal dysplasia
(Okumura et al. 2012). Patients with ectodermal dysplasia
fail to express ectodysplasin (EDA) or the ectodysplasin
receptor (EDAR). The EDA/EDAR signaling pathway is
essential for the mesoderm-ectoderm interaction that con-
trols the formation of ectodermal structures such as the
skin, hair follicles, sweat glands, and teeth (Jaskoll et al.
2003). The EDA/EDAR proteins localize in SMG epithelia
at the site of lumen formation after the pseudoglandular
stage and are essential for lumen formation and histodiffer-
entiation of the epithelia (Jaskoll et al. 2003).

The Nfib”~ mouse model is also useful to understand sig-
naling pathways that have the potential to control certain
pathological conditions of the salivary glands. For instance,
NFIB is a frequent translocation partner of HMGA2 in sali-
vary gland pleomorphic adenoma and mucoepidermoid car-
cinoma (Von Holstein et al. 2012; Stenman 2013). In
addition, NFIB fusions with MYB transcripts are present in
adenoid cystic carcinomas of the breast, salivary, and lacri-
mal glands (Persson et al. 2009; Stenman 2013). A recent
study of the mutational landscape of adenoid cystic carcino-
mas also revealed mutations of Nfib in a subset of tumors
(Ho et al. 2013). Taken together, these studies indicate that
alterations of Nfib gene and protein expression lead to onco-
genic properties and are involved in both lacrimal and sali-
vary gland tumors, as well as in lung and breast cancer.

In summary, our findings indicate that the transcription
factor NFIB does not interfere with branching morphogen-
esis but plays a key role in tubule cell differentiation during
mouse SMG development. Because duct secretory cells are
developed after completion of ductal branching, and their
formation is hindered completely in the Nfib "~ SMG, this
indicates that NFIB also plays a key role in duct secretory
cell development. Future studies will be necessary to deter-
mine a role of NFIB in the salivary gland mesenchyme. Our
model might prove useful to understand NFIB signaling
and allow targeting of developmental diseases or pathologi-
cal conditions of the salivary glands.
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