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Abstract 

The chaperone system plays essential roles in health and disease and is likely critical during 

embryogenesis. Previous studies have focused on early stages, from the one-cell stage to the 
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blastocyst, with no information available on the topographic distribution or quantitative 

expression of chaperone system components, such as molecular chaperones, after the 

blastocyst stage in salivary glands. This study aims to map the distribution and expression 

levels of key molecular chaperones, including Heat Shock Proteins (Hsps), in embryonic 

salivary glands of mice and humans. Tissue levels of Hsp10, Hsp60, and Hsp90 in humans 

and mice, Hsp27 in humans, and Hsp25 in mice were assessed by immunohistochemistry in 

adult and embryonic paraffin-embedded salivary gland tissues. Protein and gene expression 

of Hsps were further analyzed in adult mouse submandibular glands. All studied Hsps were 

present at substantial levels in embryonic salivary gland tissues of both species. 

Immunohistochemical analysis revealed a developmental shift in Hsp distribution: with 

development, Hsps were predominantly confined to the ducts. In conclusion, this study 

provides a first descriptive and quantitative map of chaperone system components in human 

salivary gland development. The stage-dependent differences observed between embryonic 

and adult tissues offer a reference framework that may inform future functional investigations 

into salivary gland morphogenesis and related pathological conditions. 

 

 

 

Introduction 

Salivary gland development occurs through branching morphogenesis, a multistep process 

involving epithelial–mesenchymal interactions, epithelial arborization, and repeated cycles of 

rearrangement and reorganization of newly formed end buds that ultimately give rise to 

ductal and acinar structures. In humans, this process begins between the 4th and 6th week of 

gestation and is completed by the 6th month.1-3 In mouse salivary glands, the initial bud stage 

occurs between embryonic days E1.5 and E12, and by E17 the fully lumenized acini are 

connected to the oral cavity through a mature ductal network.4 Despite species-specific 

differences in timing, the conserved morphological sequence of salivary gland 

morphogenesis makes the human–mouse comparison particularly informative for identifying 

shared developmental principles. 
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Recent evidence indicates the involvement of the Chaperone System (CS) in tissue branching 

morphogenesis, particularly in neurodevelopment and epidermal development and 

differentiation.5-7 The CS comprises molecular chaperones, chaperone co-factors, co-

chaperones, and chaperone interactors and receptors within an organism.8 Owing to its 

fundamental role in maintaining protein homeostasis and buffering the deleterious effects of 

stressors at the molecular, cellular, and tissue levels, the CS is thought to have emerged early 

in evolution. CS components are ubiquitously expressed but show marked tissue- and stage-

specific differences in composition and abundance. 

Our laboratories have previously investigated the CS in salivary glands, a tissue for which 

information remains limited despite its relevance in health and disease.9-13 Early studies 

described the expression patterns of Hsp70/DnaK, Hsp60/DnaJ, and CCT chaperone families 

in several human tissues, including salivary glands.14,15 Subsequent work extended these 

observations to Hsp90 and the small heat shock protein Hsp27, primarily focusing on adult 

human salivary glands.9-12 Here, we build upon this body of work by extending the analysis 

to embryonic stages in both humans and mice. 

During ontogenesis, cell proliferation reaches its peak, leading to a marked increase in 

nascent polypeptides that require efficient folding and quality control to support tissue growth 

and morphogenesis. In this context, molecular chaperones are expected to play a critical role 

in sustaining epithelial expansion, lumen formation, and the progressive differentiation of 

ductal and acinar compartments. A substantial body of evidence supports the requirement of 

Heat Shock Proteins (Hsps) during mammalian embryonic development.16 

Constitutive members of the Hsp70 family, such as Heat Shock Cognate 70 (Hsc70), together 

with inducible Hsp70 and the co-chaperone Hsp40, have been detected in soluble and 

insoluble fractions of embryonic chicken lens, cornea, and ciliary body as early as E12.17 

Constitutive Hsc70 and Hsp90β, as well as the small heat shock protein Hsp27 and T-

complex protein 1 subunit alpha (TCP-1α), are present in the developing mouse brain at early 

ontogenetic stages (E9.5 and E12.5) (18). Inducible Hsp70 and Hsp90α appear later (E15.5), 

albeit at lower levels than their constitutive counterparts.18 Although tissue levels of 

constitutive and inducible Hsps vary, they display distinct spatial distribution patterns, with 

the notable exception of Hsp90β, which shows near-ubiquitous expression.18 Hsp70 

expression increases progressively from E12.5 to late gestational stages (E17) in the mouse 

embryo.19 
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Endoplasmic Reticulum (ER)-resident chaperones also play a pivotal role during 

development. Glucose-Regulated Protein 78 (GRP78) is highly expressed at early stages of 

embryogenesis and subsequently declines during later stages of heart development,20,21 while 

GRP94 exhibits similarly elevated expression in embryonic heart, neuroepithelium, and 

surface ectoderm tissues.22 Knockout of either ER chaperone leads to severe morphological 

abnormalities and embryonic lethality.23 These findings highlight the importance of ER 

proteostasis during periods of intense secretory and structural remodeling, such as those 

characterizing ductal and acinar differentiation. 

Most available studies have focused on pre-implantation stages, particularly from the two-cell 

stage to blastocyst formation.24,25 Consequently, the roles of Hsps during mid- to late-stage 

embryonic development remain poorly understood, and data on salivary gland development 

are entirely lacking. Given the secretory nature of salivary glands and the progressive 

establishment of polarized epithelial structures, the targeted analysis of selected Hsps 

involved in cytosolic folding, cytoskeletal organization, and ER homeostasis is biologically 

justified. 

The aim of this study is therefore to descriptively assess and map the distribution of key CS 

components in human and murine salivary glands during ontogenesis. The parallel analysis of 

the two species provides a conceptual and comparative framework that supports the use of a 

schematic summary to highlight conserved and divergent patterns across developmental 

stages. 

 

Materials and Methods  

Human embryo specimen 

Human 13-week gestation (13w) head sections were obtained from the archives of the 

Department of Anatomy and Histology, University of Palermo, Palermo. 

 

Mouse specimens 
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All animal work was conducted according to institutional guidelines and approved by the 

American University of Beirut (AUB) Institutional Animal Care and Use Committee 

(IACUC), Lebanon (IACUC#19-10-555). Eight-month-old male FVB/NJ mice and C57BL/6 

mouse embryos were used to investigate the expression and localization patterns of molecular 

chaperones in salivary glands at embryonic and adult stages. 

 

Submandibular Salivary Gland (SMG) surgical excision 

FVB/NJ mice (n=6) were euthanized by isoflurane-induced anesthesia followed by cervical 

dislocation. The mice were fixed on the operating board in the dorsal position with the tail 

toward the investigator. Before incision, 70% ethanol was applied to the neck and chest to 

reduce contamination. A midline skin incision was made from above the suprasternal notch to 

the lower jaw. This incision was extended laterally from the suprasternal notch to both 

shoulders, followed by blunt dissection to detach the skin from the underlying glands, fat, and 

muscles. The skin was then retracted with forceps and secured with hypodermic needles to 

expose the neck region. The superficial cervical lymph nodes with attached connective tissue 

were removed. Fat and connective tissue surrounding each salivary gland were dissected 

away. The submandibular glands were separated from underlying tissue, lifted with iris 

forceps, and cut from the base using iris scissors. Each gland was placed in cold phosphate-

buffered saline (PBS, Corning, Manassas, VA, USA) on a pre-chilled tissue culture plate. 

One gland was fresh-frozen in liquid nitrogen and stored at –80°C for molecular analyses, 

while the other was fixed in 10% paraformaldehyde for 48 hours and embedded in paraffin 

for morphological studies. 

 

Mouse embryo harvest 

Six C57BL pregnant mice at 16 days of gestation (E16) were euthanized by isoflurane 

anesthesia followed by cervical dislocation. The midsection skin was lifted with forceps and 

incised along the ventral midline. The skin was separated from the abdominal and thoracic 

walls, and another incision opened the abdominal cavity. Uterine sacs containing strings of 

embryos were removed, and embryos were released by cutting through the outer membrane. 
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Embryos were placed in cold PBS on a tissue culture plate under an SMZ stereomicroscope 

(Nikon Corporation. Tokyo, Japan). Embryo heads were harvested with iris scissors and fixed 

in 10% paraformaldehyde for 48 hours before paraffin embedding. Embryos were collected at 

embryonic day 16 (E16) (equivalent to 13 weeks of human gestation), a stage at which 

salivary glands are already formed. 

 

Histopathology 

Embryo heads and Adult Mouse (AM) salivary gland sections (5 µm) were obtained from 

paraffin blocks and stained with hematoxylin–eosin (H&E) for histological examination. 

Sections were de-waxed in xylene for 10 minutes, rehydrated in decreasing ethanol 

concentrations, stained with H&E,26 and analyzed using a Leica DM5000 upright microscope 

(Leica Microsystems, Heidelberg, Germany). Sections were examined by two independent 

observers (A.L. and A.J.) blinded to sample identity. 

 

Immunohistochemistry 

Immunohistochemistry (IHC) for Hsp10, Hsp27, Hsp60, and Hsp90 was performed on 5-7 

µm paraffin-embedded sections of AM salivary gland and mouse embryo heads using the 

automated IntelliPath Flx IHC system (Biocare Medical Pacheco, CA, USA). Nuclear 

counterstaining was done with hematoxylin (DAKO, Cat. S2020, Glostrup, Denmark). Slides 

were re-dehydrated in ascending alcohol concentrations and cleared in xylene. Coverslips 

were mounted with aqueous mounting medium. Tissue sections were examined using a 

DM5000 B microscope with a DC 300 F camera (Leica, Wetzlar, Germany). Each section 

was evaluated twice by two independent observers (A.L. and A.J.). The percentage of Hsp-

positive cells was assessed in high-power fields (HPFs, 400×), repeated for 10 HPFs, and 

averaged for statistical analyses. Primary antibodies used included anti-Hsp10 (mouse 

monoclonal antibody D-8, sc-376313, 1:100), anti-Hsp27 (mouse monoclonal antibody, F-4, 

sc-13132, 1:200), anti-Hsp60 (rabbit polyclonal antibody H-300, sc-13966, 1:200), and anti-

Hsp90 (mouse monoclonal antibody, sc-13119, 1:200) all from Santa Cruz Biotechnology 

(Dallas, USA). Manual quantification was used instead of ImageJ because software cannot 
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reliably distinguish true immunopositivity from background or differentiate salivary gland 

cells from stromal cells. Quantification was performed by two pathologists experienced in 

chaperonopathies, following established methods.27-30 

 

Positive standards 

Positivity for each chaperone was assessed based on: i) percentage of positive cells (<5% = 

negative); ii) staining intensity, rated + (weak) to +++ (strong), following established 

criteria.30 

 

Western blot 

AM SMG tissue was lysed in Radio Immuno-Precipitation Assay (RIPA) buffer  containing 

0.1% SDS (Merck/Sigma-Aldrich, St. Louis, MO, USA), 0.5% sodium deoxycholate 

(Merck/Sigma-Aldrich, St. Louis, MO, USA), 150 mM NaCl (Merck/Sigma-Aldrich, St. 

Louis, MO, USA), 100 mM Ethylenediaminetetraacetic acid (EDTA) (Thermo Fisher 

Scientific, Waltham, MA, USA),  50 mM Tris-HCl, 1% NP-40 (Thermo Fisher Scientific, 

168 Third Avenue, Waltham, MA 02451, USA), protease inhibitors (MilliporeSigma, 

Darmstadt, Germany), and 1 mM Phenylmethylsulfonyl Fluoride (PMSF) (Thermo Fisher 

Scientific, 168 Third Avenue, Waltham, MA 02451, USA). Lysates were centrifuged at 

13,600 rpm for 30 minutes at 4°C.31 For immunoblotting, 40 µg protein was separated on 10–

15% polyacrylamide gels (Bio-Rad Laboratories, Inc., Hercules, CA 94547, USA.) and 

transferred to nitrocellulose membranes. Blots were blocked with 5% Bovine Serum Albumin 

(BSA) Sigma-Aldrich St. Louis USA or 5% milk in Tris-Buffered Saline (TBS) Sigma-

Aldrich St. Louis USA and incubated overnight with rabbit polyclonal anti-Hsp10 (sc-20958, 

FL-102, 1:1000) or anti-Hsp60 (sc-13966, H-300, 1:2000). Horseradish Peroxidase (HRP)-

conjugated Sigma-Aldrich St. Louis USA) secondary antibodies (Bio-Rad Laboratories, Inc., 

Hercules, CA 94547, USA, 1:1000) were used for detection by enhanced chemiluminescence. 

Densitometry was performed using ImageJ.32 
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RNA Preparation and Quantitative Real-Time PCR (RT-PCR) 

mRNA expression in AM SMG was analyzed using SYBR Green real-time Polymerase 

Chain Reaction and  ΔΔCt method.33 Total RNA was isolated using TRIzol (Sigma Aldrich, 

Saint Louis, USA) and reverse-transcribed using the QuantiTect Reverse Transcription Kit 

(Qiagen, Hilden, Germany). cDNA was amplified on a CFX384 system (Bio-Rad 

Laboratories, Inc. Hercules, USA) using SYBR Green. Primers for Hsp10, Hsp27, and Hsp60 

were used, with 26S rRNA as the reference gene (Table 1). All samples were run in duplicate 

using 2 µl of cDNA per reaction. 

 

Statistical evaluation 

All experiments were repeated at least in triplicate, and all data are presented as mean ± 

Standard Deviation (SD). One-way Analysis of Variance (ANOVA) was used for statistical 

analysis (GraphPad Prism, GraphPad Software, San Diego, CA, USA); p values ≤ 0.05 were 

considered statistically significant.  

 

Results 

We assessed the expression of Hsp10, Hsp27, Hsp60, and Hsp90 at mid-stage salivary gland 

development in humans and mice, and subsequently compared these findings with expression 

patterns in adult glands. The levels of immunohistochemical positivity (percentage of positive 

cells and reaction intensity) for each chaperone in adult and embryonic human and mouse 

SMG are summarized in Table 2. Chaperone expression in adult human SMG has been 

previously described.9-12 

Illustrative images of the immunohistochemical mapping of the four chaperones are shown in 

Figure 1. The main observations are as follows: 

Hsp10 demonstrated granular and diffuse cytoplasmic positivity across all specimens. In AM 

SMG, ductal cells exhibited low to high reaction intensity, whereas acinar cells showed 

markedly lower positivity, ranging from negative to moderate (Figure 1e). In the 16-day 

mouse embryo (E16), a moderate to high epithelial intensity was observed (Figure 1f). In 
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contrast, the human 13-week embryo (13w) exhibited comparatively weaker Hsp10 positivity 

(Figure 1h). 

Microscopic evaluation of Hsp27 demonstrated diffuse cytoplasmic positivity in all samples. 

In AM SMG, ducts and myoepithelial cells showed low to intense cytoplasmic staining, 

whereas acini were negative (Figure 1i). In E16 glands, staining intensity ranged from weak 

to strong (Figure 1j), whereas 13w glands showed mild to moderate positivity (Figure 1l). 

Hsp60 immunostaining displayed granular and diffuse cytoplasmic positivity across 

specimens. In AM SMG, ductal cells showed weak to moderate intensity, while acinar cells 

were negative (Figure 1m). E16 epithelium exhibited predominantly granular cytoplasmic 

staining with moderate to high intensity (Figure 1n). In 13w tissue, immunopositivity was 

consistently strong (Figure 1p). 

Hsp90 demonstrated diffuse cytoplasmic positivity in all specimens. AM SMG ducts and 

serous acini showed the strongest intensity of all chaperones examined (Figure 1q). E16 

glands exhibited variable staining ranging from weak to strong (Figure 1r), while 13w 

samples showed uniformly high positivity (Figure 1t). 

To complement the immunomorphological findings, we quantified protein levels of Hsp10 

and Hsp60 and examined gene transcription levels of HSP10, HSP25 (the murine ortholog of 

Hsp27), and Hsp60 in AM SMG. Hsp10 protein and gene expression were significantly 

higher than those of Hsp60 (p = 0.0020) (Figure 2a, b), consistent with the 

immunohistochemical patterns. Among the three chaperones, Hsp25 mRNA expression was 

lowest, significantly lower than both Hsp10 (p < 0.0001) and Hsp60 (p = 0.0062) (Figure 2b). 

 

Discussion 

The Chaperone System (CS) is a primary homeostatic mechanism in ontogenesis; the early, 

regulated expression of Hsps from gametogenesis through embryogenesis underscores their 

essential role in maintaining cellular viability during rapid developmental transitions.24 While 

Hsp expression is well-characterized during pre-implantation, its spatio-quantitative 

distribution during post-implantation and organogenesis remains under-investigated. Initial 

murine development is under maternal control, with Hsp gene expression being undetectable 
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at the transcriptionally silent one-cell stage and initiating constitutively only upon zygotic 

genome activation at the early two-cell stage.24,25 Inducible Hsp70 appears at the early 

blastocyst stage and has been implicated both in the initiation of embryonic genome 

expression24,25 and in functional blastocyst formation.23,24 In parallel, Hsp90β has been shown 

to be indispensable for placental development in mice, further supporting a key role for 

molecular chaperones in early embryonic organization.35 

Only a limited subset of molecular chaperones, are component of the CS, has been 

investigated in the context of murine organogenesis, and comparable data for salivary glands 

have been largely absent. Within this framework, our study provides a direct comparative 

analysis of human and murine salivary gland development, allowing shared and species-

specific patterns of CS expression to be identified. Our findings indicate that Hsp10, Hsp27, 

Hsp60, and Hsp90 are all expressed during murine salivary gland morphogenesis at E16. The 

concurrent presence of these chaperones at a stage characterized by active branching 

morphogenesis and ductal–acinar differentiation supports their involvement in sustaining 

proteostasis during intense epithelial proliferation and remodeling. Among them, Hsp90 

displays nearly double the expression levels observed for the other chaperones, suggesting a 

particularly prominent role for Hsp90 in stabilizing signaling proteins and cytoskeletal 

elements required for coordinated epithelial growth during murine salivary gland 

development. 

Developmental studies in other organ systems further emphasize the importance of molecular 

chaperones in mammalian morphogenesis. Grp78 and Grp94 exhibit high expression during 

embryonic heart development.23 Early in embryogenesis, Grp78 is strongly expressed in the 

neural tube, gut endoderm, somites, and surface ectoderm, whereas Grp94 is predominantly 

detected in neuroepithelium and surface ectoderm.23 Knockout models have demonstrated 

that loss of either Grp78 or Grp94 leads to severe developmental abnormalities, including 

embryonic lethality due to failure of mesoderm formation or extensive apoptosis of the inner 

cell mass, respectively, the latter representing the precursor population of embryonic stem 

cells.23 At later developmental stages, Hsp27 shows preferential expression in multiple 

muscle tissues, including the heart, as well as in neurons, spinal cord, bladder, regressing 

notochord, and lens.23 Notably, Hsp27 is essential for craniofacial development, as evidenced 

by the marked inhibition of anterior and middle Meckel’s cartilage formation following 

Hsp25 knockout in E10 embryos.23 Hsp60 likewise plays a crucial role in early development, 
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with aberrant expression leading to growth retardation at E6 and embryonic degeneration by 

E7.5 in mice.23 

When examined in parallel, the human embryonic data reveal both conserved and distinct 

features relative to the murine model. In the 13-week human embryo, tissue levels of Hsp10, 

Hsp60, and Hsp90 are markedly elevated compared with murine embryonic glands. This 

coordinated upregulation suggests an increased requirement for chaperonin-mediated protein 

folding (Hsp10/Hsp60) and for Hsp90-dependent stabilization of regulatory proteins during 

the more prolonged and complex timeline of human salivary gland morphogenesis. The 

prominence of Hsp10 and Hsp60 further supports a role for mitochondrial proteostasis in 

sustaining the high metabolic demands associated with ductal and acinar differentiation in the 

human embryo. 

In AM Submandibular Gland (SMG), expression of all four chaperones is largely restricted to 

the ductal compartment, with the notable exception of Hsp90, which maintains substantial 

expression in both ducts and acini. This pattern suggests that, in mice, Hsp90 continues to 

support acinar cell function beyond development, potentially reflecting ongoing requirements 

for protein quality control in secretory cells. In adult human SMG, acinar expression is more 

pronounced for all Hsps except Hsp27, although ductal localization remains predominant 

overall. Despite interspecies differences in relative compartmental distribution, the 

persistence of CS components in ductal structures in both AM and human glands points to a 

conserved role in maintaining epithelial homeostasis. This confinement may relate to the 

regulation of Na⁺/H⁺ exchangers, which are critical for salivary pH control and represent a 

key physiological function of the salivary glands.12 

In this work gene expression analyses of AM SMG report significant downregulation of 

Hsp25 compared with Hsp10 and Hsp60. However, our immunohistochemical findings reveal 

tissue levels of Hsp27 comparable to those of Hsp60. This apparent discrepancy likely 

reflects methodological differences between transcriptomic and protein-based approaches, as 

well as species-specific factors, given that murine Hsp25 and human Hsp27 are functional 

homologues rather than identical proteins. Additional regulatory mechanisms, including post-

transcriptional modulation, differential protein stability, or context-dependent degradation, 

may further contribute to the observed divergence between mRNA and protein expression 

profiles. 
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The present study is primarily descriptive in nature, and the results should be interpreted in 

light of several inherent limitations. First, our observations are based on morphological and 

molecular analyses and were not supported by functional assays capable of demonstrating a 

causal role of the investigated factors in the described biological processes. Therefore, the 

conclusions drawn remain  preliminary and will require functional validation in future 

studies. 

Second, the analysis was conducted on a limited number of embryonic stages, which does not 

allow for a continuous reconstruction of the temporal dynamics of the observed phenomena. 

Additional developmental windows may reveal quantitative or qualitative variations that were 

not captured in the present work. 

Finally, the limited availability of human embryonic material represents an unavoidable 

constraint in this field of research and may affect sample size and the generalizability of the 

findings. Although all possible measures were taken to ensure the robustness and 

reproducibility of the observations, future studies involving larger cohorts and, where 

feasible, complementary experimental models will be necessary to confirm and extend our 

results. 

 

Conclusions 

Previous studies mapping the spatial and temporal distribution of major components of the 

CS, particularly molecular chaperones, across developmental stages have pointed to their 

potential relevance in both ontogenesis and adulthood. Building on this background, the 

present study provides the first systematic topographic and quantitative characterization of 

CS distribution in salivary glands. The distinct expression patterns observed between 

embryonic and adult tissues highlight developmental stage–related differences in CS 

localization and abundance. While the present data are primarily descriptive, they generate 

testable hypotheses and define a reference framework for future functional and mechanistic 

studies aimed at clarifying the role of the CS in salivary gland morphogenesis, homeostasis, 

and disease, including congenital malformations. 
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Table 1. Primers used for quantitative real-time Polymerase Chain Reaction (PCR). 

 

Gene Primers’ sequence 

hsp10 
F: 5’-TCACTGTTGAAATGGTGTCACG-3’  

R: 5’-GTTCAGACATCAGTGGAATGGC-3’ 

hsp25 
F: 5’-TCCGGAGGAACTCAAAGTCAAG-3’  

R: 5’-TTGCCGTGGACCTCAATCA-3’ 

hsp60 
F: 5’-ACGATCTATTGCCAAGGAGG-3’  

R: 5’-TCAGGGGTTGTCACAGGTTT-3’ 

26S 
F: 5’-AGGAGAAACAACGGTCGTGCCAAAA-3’  

R: 5’-GCGCAAGCAGGTCTGAATCGTG-3’ 

 

 

Table 2. Heat Shock Protein (Hsp10, Hsp27, Hsp60, and Hsp90) levels in adult and 

embryo submandibular salivary glands in human and mouse. 

Specimen Hsp10 Hsp27 Hsp60 Hsp90 

PPC1 Int PPC Int PPC Int PPC Int 

Human submandibular gland 

Adult Ducts2 96.6 +++ 92.6 +++ 87.6 ++/+++ 75.5 +/+++ 

Acini  92.5 ++/+++ 15 ++/+++ 61 +++ 36.7 +/++ 
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Embryo  Acini+

Ducts2 

90 +/++ 43 ++ 93 +++ 95 +/+++ 

Mouse submandibular gland 

Adult Ducts 87.6 +/+++ 73.3 +/+++ 66.6 +/++ 87.3 +++ 

Acini 15.6 -/++ 5 - 5 - 90 +++ 

Embryo Acini+

Ducts2 

65 ++/+++ 47.6 +/+++ 40 ++/+++ 94.6 +++ 

PPC: percentage of positive cells; Int: reaction intensity. Note: Acini and ducts are not 

discernible at the embryonic stage. 
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Figure 1. Heat Shock Protein (Hsp10, Hsp27, Hsp60, and Hsp90) tissue levels and 

distribution in adult and embryonic human and mouse salivary glands. a) Hematoxylin and 

Eosin (H&E) staining of adult mouse (AM) submandibular gland (SMG). Immunostaining of 

Hsp10 (e), Hsp27 (i), Hsp60 (m), and Hsp90 (q) in AM SMG (n = 3); b) H&E staining of 16-

day gestation mouse embryo (E16). Immunostaining of Hsp10 (f), Hsp27 (j), Hsp60 (n), and 

Hsp90 (r) in E16 SMG (n = 3); c) H&E staining of adult human (AH) SMG. Immunostaining 

of Hsp10 (g), Hsp27 (k), Hsp60 (o), and Hsp90 (s) in AH SMG (n = 3); d) H&E staining of 

13-week gestation human embryo (13w) SMG. Immunostaining of Hsp10 (h), Hsp27 (l), 

Hsp60 (p), and Hsp90 (t) in 13w SMG (n = 1). Arrowheads indicate Hsp immunopositivity. 

Bar = 20 μm.  
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Figure 2. Hsp10, Hsp25, and Hsp60 gene and protein expression levels in adult mouse (AM) 

Submandibular Gland (SMG). a) Representative Western blot showing Hsp10 and Hsp60 

protein expression in AM SMG (n = 3); b) Bar graph depicting mRNA expression levels of 

Hsp10, Hsp25, and Hsp60 in AM SMG (n = 5). Data are presented as mean ± Standard 

Deviation (SD). **p < 0.005, ***p < 0.0001, indicating significant differences 
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