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Introduction

The adrenal gland is a part of the endocrine system. It has 2 regions.
The inner medulla contains neuroendocrine chromaffin cells that are
part of the sympathetic nervous system. The outer cortex contains
steroid-secreting cells (zona glomerulosa and zona fasciculata). In
young male mice, and in female mice that have not been pregnant, the
cortex also contains a region called the x-zone.

GIuAZ2 is an ionotropic receptor that is activated by glutamate, an
excitatory neurotransmitter. It is widely expressed in neurons in the
central nervous system where it mediates the fast component of synaptic
transmission. Several studies have reported the presence of mMRNA for
multiple glutamate receptors (including GluA2) in the rodent adrenal
gland. This Is unexpected because glutamate is not thought to be a
neurotransmitter in the peripheral (efferent) nervous system. However,
the presence of MRNA for GIuA2 does not necessarily imply the
presence of the GIuUAZ2 protein. In order to confirm the presence and
location of GIUAZ2 in the adrenal gland, we used immunohistochemistry
to stain for GIuA2 in the mouse adrenal.

Our hypothesis was that GIuAZ2 is expressed by chromaffin cells in the
medulla or in the preganglionic nerve that innervates the adrenal gland.

AKR1C1 is a hydroxysteroid dehydrogenase enzyme. It is associated
with synthesis of sex steroid hormones and is a specific marker of the x-
zone in mice. The function of this transient cortical zone in the mouse
adrenal Is not known. We also stained for AKR1C1 after noticing a band
of GIuUAZ2 unstained cells between the medulla and cortex.

GluA2-ir is widely distributed in the mouse
renal gland
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Figure 1. GIUAZ2-ir cells in the adrenal gland are found in the cortex and medulla.

(A). GIuA2-ir i1s widely present In the adrenal cortex and medulla but absent from a narrow
band of cells that surrounds the medulla. Chromaffin cells are strongly stained compared to
the cortical cells. (B). AKR1C1 staining shows the location of the x-zone. Although these
are different sections, the results suggest the GIuA2 negative cells may be located in the x-
zone. Methods: preliminary experiments compared GluA2 staining over a range of antibody
(ab) dilutions (NeuroMab ab; 1:500 to 1:10,000). A dilution of 1:500 was the best
compromise that eliminated non-specific Immunoreactivity.

Methods

Female and male wild type mice were sacrificed, the adrenal glands
were removed and fixed in paraformaldehyde. Cryosections (30 um)
from these glands were then prepared for staining.

When staining for GluA2, two different primary monoclonal antibodies
were tested. Figure 1 and Figure 2 used a mouse anti-GluA2 antibody
from NeuroMab (1:500). Goat anti-mouse IgG1 HRP was the secondary
antibody. Figure 3 used a mouse anti-GluA2 from Millipore (1:500) as a
primary antibody (ab) and donkey anti-mouse HRP as the secondary ab.

To stain the adrenal gland cryosections in Figure 1, sections were
Incubated In primary antibody overnight at 4°C and then in secondary
antibody labeled with HRP for 90 mins at RT. The staining was then
visualized using the chromogen diaminobenzidine (DAB).

In Figures 2 and 3, AKR1C1 expression was examined using a rabbit
primary antibody (1:1000). The secondary antibody was donkey anti-
rabbit Alexa 488. GIUA2-ir (immunoreactivity) in these figures were
detected using their respective anti-GluA2 antibodies and TSA
amplification with TSA-Cya.

Two Anti-GlIuA2 Antibodies Have Different Views
of GIUAZ2 Distribution

Chromaffin Cells Respond to Glutamate

Figure 2. GIUA2-ir (NeuroMab ab) and AKR1C1-ir do not overlap.

(A) GIluA2-ir is found throughout the adrenal except in a band of cells juxtaposed to the
medulla. (B) AKR1C1-ir labels the cells in the x-zone which is located next to the medulla.
Occasional ectopic x-zone cells are observed in the medulla as expected. (C) DAPI staining
labels the nuclel in all adrenal cells. (D) Merged image shows that the x-zone cells are not
GluA2-ir. To confirm this distribution, we next examined GIuA2 localization using a
different anti-GluA2 monoclonal ab (see Fig 3).

Figure 3. GIUA2-ir localized with a Millipore primary antibody shows a different

distribution to the staining using the NeuroMab antibody.

(A) GIuA2 expression localized with a Millipore monoclonal ab shows -ir in the medulla,
X-zone, and adrenal capsule. (B) AKR1C1-ir to locate the x-zone. (C) DAPI stains all cell
nuclel. (D) Merged image confirms GIuA2-ir is present in the x-zone and medulla.
Methods: preliminary experiments compared GIluA2 staining over a range of ab dilutions
(Millipore ab; 1:200 to 20,000). A dilution of 1:500 was judged to be the best compromise
that reduced non-specific background immunoreactivity.
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Figure 4. Glutamate-evoked calcium increase in isolated chromaffin cells.
(A) Phase contrast image of live chromaffin cells in culture. (B) Fluo3-AM loaded
chromaffin cells in culture. Fluo3 is a calcium dye whose florescence increases when
calcium levels rise. (C) Sequential application of 100 uM L-glutamate and 100 uM
acetylcholine (ACh) to Fluo-3 loaded chromaffin cells in culture. Upper traces show all
chromaffin cells respond to ACh and a minority respond to glutamate. Lower traces show
examples of cells that responded to glutamate. Orange trace corresponds to highlighted
cell in A,B.

Conclusions

* GIluA2-ir was localized to chromaffin cells in the medulla in the mouse adrenal gland.

« Cortical expression of GIuA2-ir was inconsistent. The NeuroMab ab showed cortical
Immunoreactivity except in the x-zone. The Millipore ab showed GluA2 expression In
the x-zone but not in the remainder of the cortex. This illustrates a common problem
when using ab’s raised against membrane receptors.

* Preliminary experiments using calcium imaging indicate functional glutamate
receptors are expressed in chromaffin cells. Whether these are GIuAZ2 receptors is not
known. We hypothesize that glutamate receptor activation would lead to the release of
catecholamine hormones during the stress response.

* Future studies on GIuA2 in the adrenal gland could involve comparing the staining of
the adrenal gland with staining in a GluA2 knockout mouse to ensure GIUAZ2 is really
the protein being stained. There could also be efforts to determine the function of
GIuA2 in the adrenal gland.
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