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Abstract

Dexamethasone-induced Ras-related protein 1 (Rasd1) is a member of the Ras superfamily of 

monomeric G proteins that have a regulatory function in signal transduction. Rasd1, also known 

as Dexras1 or AGS1, is rapidly induced by dexamethasone (Dex). While prior data indicates 

that Rasd1 is highly expressed in the pituitary and that the gene may function in regulation of 

corticotroph activity, its exact cellular localization in this tissue has not been delineated. Nor has it 

been determined which endocrine pituitary cell type(s) are responsive to Dex-induced expression 

of Rasd1. We hypothesized that Rasd1 is primarily localized in corticotrophs and furthermore, that 

its expression in these cells would be upregulated in response to exogenous Dex administration. 

Rasd1 expression in each pituitary cell type both under basal conditions and 1-hour post Dex 

treatment were examined in adult male mice. While a proportion of all endocrine pituitary cell 

types expressed Rasd1, a majority of corticotrophs and thyrotrophs expressed Rasd1 under basal 

condition. In vehicle treated animals, approximately 50-60% of corticotrophs and thyrotrophs 

cells expressed Rasd1 while the gene was detected in only 15-30% of lactotrophs, somatotrophs, 

and gonadotrophs. In Dex treated animals, Rasd1 expression was significantly increased in 

corticotrophs, somatotrophs, lactotrophs, and gonadotrophs but not thyrotrophs. In Dex treated 

animals, Rasd1 was detected in 80-95% of gonadotrophs and corticotrophs. In contrast, Dex 

treatment increased Rasd1 expression to a lesser extent (55-60%) in somatotrophs and lactotrophs. 

Corticotrophs of the pars intermedia, which lack glucocorticoid receptors, failed to display 

increased Rasd1 expression in Dex treated animals. Rasd1 is highly expressed in corticotrophs 

under basal conditions and is further increased after Dex treatment, further supporting its role in 

glucocorticoid negative feedback. In addition, the presence and Dex-induced expression of Rasd1 

in endocrine pituitary cell types, other than corticotrophs, may implicate Rasd1 in novel pituitary 

functions.
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All organisms strive to maintain a state of homeostasis, which is constantly challenged 

by a variety of internal and external stressors. Physiological systems have evolved to 

counterbalance the disruptions caused by stressors (Herman et al. 2016). The cells of the 

pituitary are crucially integrated into the regulation of both basal activity and the response 

to stress. One of the central stress-related mechanisms is the release of adrenocorticotropic 

hormone (ACTH) from corticotrophs of the pituitary upon the perception of a stressor 

through the activation of the hypothalamus-pituitary-adrenal (HPA) axis. Release of ACTH 

leads to adrenocortical activation and a subsequent rise in glucocorticoid concentrations. 

Glucocorticoids target cells throughout the body, and make immediate energy available 

to the organism to overcome acutely stressful situations and to restore homeostasis. It 

is extremely maladaptive for an organism if pituitary cells fail to respond to stimulation 

initiated by a stressor or fail to restore homeostasis after the stress response has been 

initiated. A failure to maintain homeostasis results in excessive or inadequate basal activity 

and responsiveness to stress associated with a wide variety of health consequences including 

stress-related mental conditions such as major depressive disorder (Chrousos 2009).

Rasd1, also known as Dexras1 or AGS1, was discovered in 1998 as a gene rapidly induced 

in mouse corticotroph AtT-20 cells in response to glucocorticoids (Kemppainen and Behrend 

1998). The goal of that study was to identify genes/proteins in corticotroph cells whose 

expression was induced within the early or intermediate time domain (10 min – 3 hrs) 

of glucocorticoid negative feedback and could therefore potentially affect ACTH secretion 

(Shipston 1995). Feedback in this time domain is dependent on transcription/translation and 

therefore requires synthesis of a protein(s) (Shipston 1995; Dayanithi and Antoni 1989). 

Although several proteins have been proposed to fulfill such a role (Shipston 1995), the 

exact mechanism mediating early glucocorticoid negative feedback at the corticotroph has 

yet to be clearly defined.

Since its discovery, Rasd1 has been found to be expressed in numerous tissues and its 

possible role(s) in cellular function has been the subject of numerous reports. The gene has 

been implicated in a wide range of cell functions, including, but not limited to circadian 

rhythms (Takahashi et al. 2003), cancers (Tian et al. 2017; O’Neill et al. 2015; Munagala 

et al. 2013; Lian et al. 2020), brain NMDA–neurotoxicity (Cheah et al. 2006), uterine 

remodeling (Kim et al. 2017), and adipogenesis/obesity/osteogenesis (Cha et al. 2013; Kim 

et al. 2016; Seok et al. 2020). In addition, there is support for Rasd1’s role in the regulation 

of ACTH release and corticotroph physiology. Tissue screening using RNA expression 

analysis shows that Rasd1 is highly expressed in pituitary (Tu and Wu 1999). Similarly, 

we found that the gene was highly expressed in human pituitary by screening a dot blot 

containing RNA obtained from a wide variety of tissues (Brogan, Behrend, and Kemppainen 

2001). Expression of a constitutively active mutant form of Rasd1 inhibited peptide hormone 

secretion from transfected AtT-20 cells (Graham et al. 2001). In addition, Rasd1 knockout 

mice displayed increased plasma levels of ACTH compared with wild type mice (Seok et 

al. 2020), and a mutation in Rasd1 has been identified in USP8 positive corticotroph tumors 

from patients with Cushing’s disease (Uzilov et al. 2017).

While prior data clearly indicates that Rasd1 is highly expressed in the pituitary and that the 

gene may function in regulation of corticotrophs, its exact cellular localization in this tissue 
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has not been delineated. Nor has it been determined which endocrine pituitary cell type(s) 

are responsive to glucocorticoid-induced expression of Rasd1. We therefore undertook the 

present experiment to co-localize Rasd1 expression in each endocrine pituitary cell type 

both under basal (vehicle treated) conditions and in response to dexamethasone (Dex). We 

hypothesized that Rasd1 is primarily localized in corticotrophs and furthermore, that its 

expression in these cells would be upregulated in response to exogenous Dex administration.

Materials and Methods

Animals

Ten male mice (C57BL/6) approximately two months of age, were received from Envigo 

(Prattville, AL, USA) and were maintained in an AAALAC approved facility at the Auburn 

University College of Veterinary Medicine (Auburn, AL). All experimental protocols were 

approved by the Auburn University Institutional Animal Care and Use Committee (Protocol 

#2019-3593). Animals were communally housed (5 mice/cage) and maintained on a (14/10) 

photoperiod with ad libitum access to food and water. All animals were given a period of 72 

hours to allow habituation to the environment prior to beginning the experiment.

Dexamethasone Treatment

All animals were habituated to handling, weighing, and intraperitoneal (IP) injections 

(sterile 1X PBS, 0.25 cc) for 4 days prior to experimental day. On experimental day, animals 

were weighed then given an IP injection with either vehicle (controls, sterile 1X PBS, 0.25 

cc) or Dex (10 ug/mouse, 0.25 cc, 1DEX027, Covetrus, Portland, ME) and returned to their 

cages. One hour later, mice were euthanized by CO2 inhalation. Pituitaries were collected, 

flash frozen in 2-methyl-butane and embedded in optimum cutting temperature medium 

(Tissue-Tek, 25608-930). Pituitaries were sectioned by cryostat at a thickness of 20 μm. 

Slides were stored at −80°C until analysis.

RNAscope Fluorescent Multiplex Assay

Protocol was followed according to guidelines provided by Advanced Cell Diagnostics 

(ACD, Newark, CA). RNAscope fluorescent multiplex assay can use up to a 3-channel 

system, allowing for the use of three distinct probes, along with DAPI. Based on the five 

different endocrine cell types of interest, three separate runs were performed (Rasd1-POMC

GH/Rasd1-LH-PRL/Rasd1-TSH). All probes were created using mouse sequences and are 

as follows: Mm-Rasd1 584651; Mm-GH 445361; Mm-POMC 314081; Mm-Lhb 478401; 

Mm-PRL 445371; and Mm-TSHb 445381. Slides were removed from −80 freezer and fixed 

using a 10% neutral buffered formalin at 4°C for 15 minutes. Once fixed, tissues followed 

a series of dehydration (50%,70%, 100%, 100% EtOH) before beginning RNAscope. A 

hydrophobic barrier was created around each tissue using an Immedge pen (H-4000, Vector 

Labs, Burlingame, CA). Protease IV was applied to every tissue and incubated in the 

HybEZ oven (321720, ACD) for 30 minutes at 40°C. Slides were then rinsed with three 

series of PBS washes before probe hybridization. Probes were applied directly to tissues 

for 2 hours at 40°C. Both negative and positive controls were run to ensure viability of 

the assay. After probe hybridization, slides were washed in 1X wash buffer, incubated in 

amplification buffers with rinses in the 1X wash buffer between reagents. Tissues were then 
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counterstained with DAPI and coverslipped (0100-35, Fluoromount-G, Southern Biotech, 

Birmingham, AL) for imaging and analysis. ACD provided universal negative control probe 

targeting the dihydrodipicolinate reductase (dapB) gene from Bacillus subtilis strain SMY, a 

soil bacterium to assess non-specific labelling. Positive control probes were directed toward 

POLR2A and PPIB to confirm preservation of sample RNA (Supplemental Figure 1).

Imaging and Image Analysis

Images were acquired using a Nikon A1plus confocal microscope fitted with filter settings 

for the specific wavelengths used, with a pinhole setting of Airy unit (0.16 μm/px for 40x 

and 0.11 μm/px for 60x images), resulting in optical slice thickness of 3.6 μm for 40x 

images and 2.3 μm for 60x images. Images were obtained in sequential acquisition avoiding 

overlapping spectra. Image capture and thresholds were optimized for each wavelength and 

held constant throughout study. All post acquisition processing and analysis was performed 

with NIS-elements 4.6 software (Nikon, Melville, NY). For each animal, a region (300 μm2) 

of three different pituitary sections of either the pars distalis (PD) or the pars intermedia 

(PI) were analyzed. A region of interest (ROI) encompassing each positive cell (POMC, 

GH, LH, PRL, or TSH) was defined. The regions of interests encompassed the centre and 

bilateral regions of the PD. Any cell (ROI) which contained a single puncta/pixel of Rasd1 

was considered positive for Rasd1. A Z-Stack was performed on each position to verify that 

image analysis was restricted to a monolayer of pituitary cells. RNAscope signal is revealed 

as a punctate staining, with little or no background, and previous studies have demonstrated 

that each punctum corresponds to one molecule of the intended target mRNA (Wang et al. 

2012; Wang et al. 2014). Thus, quantification of the number of puncta per cell offers a direct 

measurement of expression of a certain target. As stated above, a single Rasd1 puncta or 

pixel was used to determine percent of each particular endocrine pituitary cell type positive 

for Rasd1. However, for highly expressed genes, puncta can oftentimes overlap and fuse, 

resulting in a difficulty in the accurate numeric quantification. A solution to this issue is to 

quantify the mean fluorescent intensity (MFI) of a signal within a cell (Chan et al. 2018). To 

determine MFI measurements, the above ROI was placed over every pituitary cell positive 

for POMC, GH, LH, PRL, or TSH inside a 300 μm2 region of three different pituitary 

sections of either the PD or PI. The MFI of Rasd1 for each cell was averaged.

Statistical Analysis

Percent of POMC, GH, LH, PRL, or TSH cells positive for Rasd1 and MFI of Rasd1 present 

in each cell type was assessed by Student t test. Two-way ANOVAs followed by individual 

Bonferroni paired comparisons were performed to evaluate percent Rasd1 positive cells and 

MFI across cell types and treatment. The level of statistical significance was set at P ≤ 0.05 

for all statistical tests. All values were reported as the mean ± SEM. Prism 8 for Mac was 

used for all analyses (GraphPad Software, Inc., La Jolla, CA).

Results

Rasd1 expression was identified by individual or grouped punctate and granular 

fluorescence primarily localized to the nuclei or just adjacent. The vast majority of Rasd1 

expressing cells were identified in the PD portion of the pituitary gland compared to other 
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pituitary sections. Rasd1 expression was only just above detection in the PI and undetectable 

in the pars nervosa (posterior pituitary). Overall, Rasd1 expression in the PD was higher 

in Dex-treated animals than control animals (control=44.4±7.2 vs Dex=274.2±24.1 MFI, 

F(1,3)=11.1, P<0.0001). There was no difference in Rasd1 MFI in the PI between control 

(17.68±2.3) and Dex (18.8±4.3) treated animals (F(1,3)=11.1, P<0.0001).

Pituitary cells expressing one of the five pituitary hormone mRNAs investigated (GH, 

POMC, LHb, PRL and TSHb), were found throughout the PD. Expression of all hormone 

mRNA were primarily observed filling the area surrounding the nuclei of pituitary cells, 

suggesting rough endoplasmic reticulum localization. Overall, the highest proportion of 

cells expressed PRL or GH followed by POMC, LHb, then TSHb. Dex treatment did 

not affect the apparent proportion of different cell types or intensity of expression of the 

mRNA for each pituitary hormone (data not shown). To varying degrees, Rasd1 expression 

was identified in every endocrine pituitary cell type under control conditions (Figure 1). 

In controls, approximately 50-60% of POMC and TSHb expressing cells also expressed 

Rasd1 while the gene was detected in only 15-30% of lactotrophs, somatotrophs, and 

gonadotrophs. With the exception of thyrotrophs, Dex treatment resulted in a significantly 

increased expression of Rasd1 in all other cell types (Figure 1A, F(4,30)=49.08; P<0.0001). 

In Dex-treated animals, Rasd1 was detected in 80-95% of gonadotrophs and corticotrophs. 

In contrast, Dex treatment increased Rasd1 expression to a lesser extent (55-60%) in 

somatotrophs and lactotrophs. Along with the proportion of cells expressing Rasd1, mean 

fluorescent intensity (MFI) was used to quantify the expression level of Rasd1 mRNA in 

each endocrine pituitary cell type (Figures 1B). In Dex-treated animals, Rasd1 MFI was 

significantly increased above that in controls in all endocrine pituitary cell types, with the 

exception of thyrotrophs (Figure 1B, F(4,30)=5.9; P=0.0012). While present in all cell types, 

the magnitude of Rasd1 expression in GH, LHb, PRL and TSHb expressing cells were 

relatively low when compared to POMC expressing cells (Figures 1B and 2). Of note, 

corticotroph Rasd1 MFI levels were significantly elevated above all other cell types in the 

Dex-treated animals (Figure 3).

Only POMC expressing cells were identified in the PI and only a small portion cells 

contained detectable Rasd1 mRNA (15-30%; Figure 4). There were no differences between 

control and Dex-treated groups in regards to percentage of PI corticotrophs expressing 

Rasd1 (t(8)=1.41, P=0.20). Similarly, the Rasd1 MFI relative expression levels were 

relatively low in corticotrophs of the PI and was not significantly increased following Dex 

treatment (t(8)=1.14, P=0.29).

Discussion

The major finding of this study is that Rasd1 is expressed in all hormone producing cells in 

the PD. The findings support our hypothesis that Rasd1 is expressed in PD corticotrophs and 

furthermore, its expression is increased in these cells in response to Dex. Previous studies 

have demonstrated that Rasd1 is highly expressed in the pituitary and that Dex treatment can 

increase Rasd1 expression in this tissue (Kemppainen and Behrend 1998; Brogan, Behrend, 

and Kemppainen 2001). However, the specific endocrine pituitary cell type(s) expressing 

Rasd1 under resting conditions and following Dex treatment have not been determined. The 
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current findings demonstrate that approximately 50% of mouse PD corticotrophs express 

Rasd1 under basal, non-stressed conditions. However, the proportion of PD corticotrophs 

showing Rasd1 expression increases to over 90% 1-hour after Dex treatment. Somewhat 

surprisingly, Dex treatment induces Rasd1 in 3 of 4 other PD cell types.

Our results localized Rasd1 to all PD endocrine cell types and, with the exception of 

thyrotrophs, Dex treatment resulted in a rapid induction in the gene’s expression. There was 

however, a large difference in the intensity of Dex-induced increase in Rasd1 expression 

as measured using MFI. The gene was markedly responsive in corticotrophs as compared 

with all other cell types examined. The proportion and degree to which Dex-induces Rasd1 

roughly correlates to the relative expression of glucocorticoid receptors (GR; NR3C1) in 

endocrine pituitary cell subtypes. Dex has a high avidity and affinity to bind to GR in 

the pituitary (McEwen 1979; De Kloet, Wallach, and McEwen 1975). Prior co-localization 

studies have reported variable degrees of GR localization to different cells types in the 

PD (Kononen et al. 1993; Ozawa et al. 1999). GR was co-localized to corticotrophs 

and somatotrophs to a high extent (>70%) in both reports along with significant co

localization (>50%) to thyrotrophs. However, divergent results were found concerning GR 

in gonadotrophs and lactotrophs. It should also be noted that the single timepoint and 

dose of Dex used in the current work were specifically chosen to be consistent with our 

previous studies of Rasd1 and for maximum corticotroph activation. Further work is needed 

to determine Rasd1’s specific regulation in the other endocrine cells of the pituitary.

The finding that Rasd1 is expressed in all PD endocrine cell types, together with its 

induction in response to a glucocorticoid raises the question as to whether Rasd1 plays 

a role in mediating glucocorticoid effects on hormone secretion or synthesis in these cells. It 

has been well documented that glucocorticoids influence hormone secretion, both positively 

and negatively, from endocrine cells in the PD. Glucocorticoids have been shown to inhibit 

GnRH-stimulated secretion of LH (Rivier and Rivest 1991; Suter, Schwartz, and Ringstrom 

1988) but both positive and negative effects of these steroids have been reported related 

to secretion of GH (Vakili and Cattini 2012). In this latter report, Rasd1 was implicated 

as a potential mediator of the glucocorticoid stimulatory effect on GH secretion. GH and 

PRL cells are functionally interconvertible and lacto-somatotrophs that store and release GH 

and PRL have been regarded as an intermediate stage with the capacity to phenotypically 

switch between mature cell types without cell division; termed transdifferentiation (Frawley 

and Boockfor 1991). Neonatal Dex treatment increases the proportion of somatotrophs to 

lactotrophs. It is not known if Rasd1 plays a role in lacto-somatotroph transdifferentiation 

(Manojlovic-Stojanoski et al. 2007). Suppression of TSH secretion by glucocorticoids 

is well documented (Pamenter and Hedge 1980). This phenomenon may be mediated 

through glucocorticoid effect on hypothalamic thyrotropin-releasing hormone (TRH) release 

(Brabant et al. 1987). This view is supported by the finding that TRH-immunoreactive 

neurons in the paraventricular nucleus contain GR (Cintra et al. 1990). Dex treatment 

causes no consistent change in pituitary levels of TSH-alpha and beta mRNA (Gurr et 

al. 1986; Ahlquist et al. 1989). Glucocorticoids may also act directly on the TSH cells 

of the pituitary by changing their sensitivity to TRH (Pamenter and Hedge 1980). Dex 

treatment has been shown to blunt TRH stimulation of TSH secretion in vivo, however, 

the change in TRH responsivity does not require tyrosine phosphorylation or change in 
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TSH mRNA levels (John et al. 2003). These data indicate that extra pituitary activities 

are involved in the mechanism underlying the reduced TSH response to TRH induced by 

glucocorticoid treatment (Coiro et al. 2000; Schwinn, von zur Muhlen, and Warnecke 1976). 

Our study found that while Rasd1 is expressed in a high percentage of thyrotrophs under 

basal conditions, Dex treatment did not result in a significant increase in its expression in 

these cells.

Rasd1 has been shown to influence cell signaling and signal transduction at multiple 

sites and pathways, thus supporting the notion that this protein may mediate Dex effects 

on pituitary hormones (Blumer et al. 2005; Thapliyal, Verma, and Kumar 2014). Rasd1 

was identified as a receptor independent activator of G-protein signaling (AGS1) in a 

functional screen involving the yeast pheromone pathway that facilitated GTP exchange 

on heterotrimeric Gα (Cismowski et al. 1999). Examples of findings from other studies 

demonstrated that Rasd1 acts as an inhibitor of adenylyl cyclase (AC) activity (Graham, 

Qiao, and Dorin 2004; Harrison and He 2011; Nguyen and Watts 2006, 2005); activates 

transient receptor potential canonical 4 (TRPC4) ion channels (Wie et al. 2015), and inhibits 

protein kinase C delta activity (Nguyen and Watts 2006). The multiple potential effects 

of Rasd1 on intracellular signaling therefore support its role in regulation of PD hormone 

synthesis and/or secretion.

Approximately half of corticotrophs in the PD expressed Rasd1 under non-stressed 

conditions. In Dex-treated animals, over 90% of corticotrophs of the PD were identified as 

Rasd1 positive. This supports Rasd1’s potential role in regulation of corticotroph secretion 

of ACTH. Mice lacking Rasd1 present with higher plasma ACTH concentrations (Seok et 

al. 2020), and a mutation in Rasd1 has been identified in patients with Cushing’s disease 

(Uzilov et al. 2017). In contrast, Rasd1 was also expressed in a relatively small percentage 

of POMC-expressing corticotrophs of the PI. In addition, Dex treatment did not induce 

expression of the Rasd1 in these cells, which is not surprising given that the PI is one of the 

few tissues that is devoid (or has very low levels) of GR expression. Thus, our data indicate 

that while Rasd1 is strongly expressed in POMC-expressing corticotrophs of the PD, its 

expression does not extend to corticotrophs of the PI. In addition, Rasd1 does not appear to 

uniformly coexist in cells expressing GR, as we did not identify Rasd1 in the pars nervosa, a 

tissue previously shown to express this nuclear receptor (Antakly and Eisen 1984; Rees et al. 

1977).

The fact that Rasd1 is expressed in all endocrine cells of the PD also raises the question 

as to whether other hormones, besides glucocorticoids, might influence its expression. In 

a previous study from our lab, Rasd1 in whole pituitaries collected from mice was rapidly 

induced in response to treatment with corticosterone, Dex and estradiol (E2), but not in 

response to injections of testosterone, progesterone or aldosterone (Brogan, Behrend, and 

Kemppainen 2001). Interestingly, treatment of mice with E2 (or glucocorticoids) resulted 

in increased expression of the gene in whole pituitary glands (Brogan, Behrend, and 

Kemppainen 2001). This finding has been more recently confirmed in rat pituitary cells 

in culture, where treatment with E2 increased Rasd1 expression as well (Wang et al. 2017). 

Further work reported in the latter study suggested that lactotrophs or somatotrophs may be 

the cell(s) responsible for Rasd1 induction, as Rasd1 expression was similarly induced in 
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cultured mammosomatotropes GH4C1 cells. It would be interesting to determine if Rasd1 

in the PD was responsive to thyroid hormones. Rasd1 shows a close structural homology to 

another Ras family GTPase Rhes (Ras homolog enriched in striatum), with both proteins 

containing an extended C-terminus along with transcriptional induction in response to 

hormones (Falk et al. 1999; Napolitano et al. 2018). Rhes has a more restricted tissue 

distribution than Rasd1 (Rhes is enriched in corpus striatum) and its expression is responsive 

to thyroid hormones. Expression of Rhes in rat striatum was not however affected by Dex 

treatment (Falk et al. 1999).

In summary, the gene for the small GTPase Rasd1 is expressed in all endocrine cell types 

in the mouse PD. Furthermore, with the exception of thyrotrophs, the gene is rapidly 

induced in endocrine pituitary cells of the PD in response to the glucocorticoid Dex. 

Rasd1 expression was relatively low in the corticotrophs of the PI and was not increased 

in Dex-treated animals. As anticipated, Rasd1 is most profoundly expressed in PD POMC

producing corticotrophs. The fact that Rasd1 is expressed widely in the PD renders it a 

possible mediator of glucocorticoid action on these cells.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Dexamethasone treatment increases Rasd1 expression in multiple endocrine pituitary cell 

types. Histograms depicting (A) mean percentage and (B) mean fluorescence intensity 

(MFI) of Rasd1 expression in POMC, GH, LH, PRL, and TSH expressing cells. Data 

presented as the mean ± SEM. Asterisks signify difference from control group (P < 0.05).
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Figure 2. 
Rasd1 is expressed in all endocrine pituitary cell types and induced dexamethasone (Dex) 

to varying degrees. Representative photomicrographs of Rasd1 in somatotrophs (GH), 

gonadotrophs (LH), lactotrophs (PRL), or thyrotrophs (TSH) in control and Dex treated 

animals. Insets depict 60x magnification images with DAPI nuclear counterstain. scale bars 

= 10 μm.
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Figure 3. 
Dexamethasone treatment increases Rasd1 expression in POMC expressing cells. A) 

Representative photomicrographs of dual ISH for POMC (red) and Rasd1 (green) in the 

pituitary of mice treated with vehicle (Control) or dexamethasone (Dex), scale bar = 20 μm. 

B) Histogram depicting the mean fluorescent intensity (MFI) of Rasd1 expression in POMC 

cells. Data presented as the mean ± SEM. Asterisk signifies difference from control group (P 
< 0.05).
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Figure 4. 
Dexamethasone treatment does not increase Rasd1 expression in POMC cells of the pars 

intermedia of the pituitary. A) Representative photomicrographs of dual ISH for POMC 

(red) and Rasd1 (green) at the border (blue) of the pars distalis (PD) and the pars intermedia 

(PI) of the pituitary of mice treated with vehicle (Control) or dexamethasone (DEX), scale 

bar = 20 μm. B) Histograms depicting the mean fluorescent intensity (MFI) of Rasd1 

expression in POMC cells of the pars intermedia (PI). Data presented as the mean ± SEM.
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