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found in the cytoplasm. The only ception ) this was the adult s, where MI-ER1
alpha was found in both the nucleus and cyt /lasm. Also, the spleen was the only adult
tissue analyzed where MI-ER1 alpha was nc  :xpressed and where we could definitely
conclude that MI-ER1 beta was loca |int cytoplasm.

The results of the current study were a powerful tool in providing the temporal
and spatial expression of M1-ER1 in embry. ic and adult mouse tissues. This work will
be very significant for future work in the pr  uction of transgenic mice to further

investigate functions of MI-ERI.
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triphosphates that are determined by the DN sequence and the formation of the first
phosphodiester bond. The presence of all ni  eoside triphosphates and ATP allows

RNAP II to clear the promoter and begin elongation (Dvir et al., 1996).










A. 5’ Capping

The process of 5° capping (F* 1re 3) can be defined as the addition of a guanosine
nucleotide that is methylated at position 7 of the purine ring (Shatkin and Manley, 2000).
This cap stabilizes the mRNA durit trans  on by binding to ribosomes and translation
initiation factors. It is also required to regu e nuclear export and prevent degradation by

exonucleases (enzymes that hydr nucleic acids).
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Figure 3: The 5’ Cap. The 5’ « »isa g osine nucleotide that is met lated at
position 7 of the purine ring. It is added to the 5’ end of the mRNA molecule to prevent

degradation by exonucleases.






1.1.3 Chromatin Structure

Transcription is partially regulated by chromatin structure and the packaging of the
DNA molecule (Figure 4). . NA is wound around an octomer of histone molecules (two
each of H2A, H2B, H3 and H4) to make up a nucleosome (Becker et al., 2000) . Each
histone has a tail of varying length that protrudes from the nucleosome and these tails can
be modified (see section B below). The HI rotein then packages the icleosomes into
30 nm chromatin fibers. The next level of packaging involves the foldi.  of the 30 nm
into looped domains, which are approximately 50,000 — 100,000 bp in length. Insoluble
networks of non-histone proteins r  ntain{ :looped domains. These loops can further

be packaged into heterochromatin finally into ¢t mosomes.
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Figure 5: The fibroblast grow >or ptor. The FGFR consists of a signal
peptide, three immunoglobulin domains (v h are separated by an aci : box), a
transmembrane and juxtamembrane region, and a tyrosine kinase domain (which is
interrupted by an interkinase doma . These domains have different functions that allow
signaling through thisre  or.
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3.1.2 Brain

There was intense expression of MI-ER1, both in the cell nuclei (75% of nuclei)
and in the cell cytoplasm in embryonic brain cells shown by using the pan anti-MIER|
antibody (Figure 10 C and E). Expression was not detected with anti-MI-ER1 alpha
(Figure 10 G and I), indicating that the beta isoform is only expressed. Therefore, MI-
ER1 beta is expressed in the cell nuclei and cytoplasm of the embryonic brain.

In the adult brain, a complex patterr  f staining was observed and the level of
staining was significantly decreased compared to the embryo. Pan anti-MI-ER1 detected
a moderate level of cytoplasmic expression  cells of the cortex region of the brain,
particularly in the pyramidal cells (Figure 11C and D). There were certain areas of the
cortex where the pyramidal cells were mod. itely stained (75%), while there were other
areas where little staining was detec . W < cytoplasmic expression of MI-ER1 alpha
was detected with the anti-MI-ER  pha body in the pyramidal cells (Figure 12C and
D), indicating that MI-ER1 alpha is expressed here. Thus, MI-ER1 alpha and possibly
beta are expressed in the cytoplas  of the pyramidal cells. In addition, there was
moderate level intensity staining of the ncuronal processes in the cortex with the alpha

. 2cific antibody.

Expression was detected in tl  hippocampus of the brain (Figurcs 11 G/H and12
G/H). Exclusive and moderate cytoplasmic ¢pression was found in the CA3 cells
(Figure 11 H and 13 H) with both the pan and the alpha antibody, indicating that the

alpha isoform (and possibly beta] :expre :d here.

38



In the thalamus (Figures 13 C/D and 14 C/D), there were varying levels of
cytoplasmic staining in cells with the pan and alpha antibody. In some areas there was
intense cytoplasmic staining of the pyramidal cells (60%), while there were other areas
where no staining was detected. Given the cytoplasmic staining with both the pan and
alpha antibody, MI-ER1 alpha and possibly beta are expressed in this region of the brain.

The alpha antibody detected 1 intense level of MI-ER1 al a expression in the
cytoplasm of the neurons in the hypothalanr  ; the pan antibody detected only weak
expression (Figures 13 G/H and 14 G/H). ©~ s shows that the alpha isoform (possibly
beta) are present in the cell cytop :m. Furthermore, there was also a moderate level of
anti-MI-ER1 alpha staining in the neuronal processes indicating MI-ER1 alpha

expression.

3.1.3 Skeletal muscle

Cytoplasmic expression was detected at a high level with the pan antibody in
embryonic myocytes (Figure 15 C. 1 E), while expression was not detected with the
alpha antibody (Figure 15 G and 1), indicat :that MI-ER1 beta is the only isoform
expressed in embryonic skeletal 1 1scle. In myocytes of adult skeletal muscle tissue, a
low level of cytoplasmic expression was de :ted with both the pan and the alpha
antibody (Figure 16). Therefore, I-ER1 alpha is expressed only in the cytoplasm of

cells in this tissue and it is possib t M R1 beta is expressed in a similar manner.
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Figure 11. Expression of MI-ER1 in the . ‘ebral cortex and hippocampus of the
adult mouse brain.

The cerebral cortex (A-D) and the ippocampus (E-H) of the adult mouse brain were
stained with preimmune sera (A,B and E,F) or pan anti-MI-ER1 (C,D and G,H). Boxes
shown in A and C correspond to panels B and D while boxes in E and G correspond to
panels F and G, respectively. / ws indicate staining in the nuclei and cytoplasm of
pyramidal cells (D) and the cytoj of CA3 cells (H). Immunostaining appears brown

while counterstain appears blue.






Figure 12. Expression of MI-ER1 alpha in the cerebral cortex and hippocampus of
the adult mouse brain.

The cerbral cortex (A-D) and the hippocampus (E-H) of the adult mouse brain were
stained with preimmune sera (A,B and E,F) or anti-MI-ER1 alpha (C,D and G,H). Boxes
shown in A and C correspond to par s B and D while boxes in E and G correspond to
panels F and H, respectively. Arrows indicate staining in the cytoplasm of the pyramidal
cells (D) and CA3 cells (H). Imn nostaining appears brown while counterstain appears

blue.
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Figure 14. Expression of MI-ER1 pha in the thalamus and hypothalamus of the
adult mouse brain.

The thalamus (A-D) and the h_ »tl  amus -H) of the adult mouse brain were stained
with preimmune sera (A,B and E,F) or pan ti-MI-ER1 (C,D and G,H). Boxes shown in
A and C correspond to panels B and D while boxes in E and G correspond to panels F
and H, respectively. Arrows indicate staining in the cytoplasm of the pyramidal cells (D)

and neurons (H). Immunostainir  pears brown while counterstain appears blue.

50






Figure 15. Expression of MI-ER1 eml ‘onic mouse skeletal muscle.

The estimated position of the sections t: en from the 16 day old mouse embryo for
subsequent immunohistocl istry is indice 1 (A). Skeletal muscle of the 16 day mouse
embryo was immunostained with preimmune sera (B,D) or pan anti-MI-ER1 (C,E) and
preimmune sera (F,H) or anti-MI-ER1 alpha (G,I). Boxes shown in B and C correspond
to panels D and E while boxes in F and G correspond to panels H and I, >spectively.
Arrows indicate MI-ER1 expression in cell iclei and cell cytoplasm. Immunostaining

appears brown while counterstair  jpears blue.






Figure 16. Expression of MI-ER1 in adult mouse skeletal muscle.

Skeletal muscle of the adult mouse was stained with preimmune sera (A,B) or pan anti-
MI-ER1 (C,D) and preimmune sera ._,F) as  anti-MI-ER1 alpha (G,H). Boxes shown in
A and C correspond to panels B and D and boxes shown in E and G correspond to panels
F and H respectively. Arrows indicate cytoplasmic staining in myocytes.

Immunostaining appears brown while counterstaining appears blue.






Figure 17. Expression of MI-..R1 in the embryonic mouse heart.

The estimated position of the sections taken from the 16 day old mouse embryo for
subsequent immunohistochemis _ isit ¢ ed (A). Heart of the 16 day mouse embryo
was immunostained with preimmune: 1 D) or pan anti-MI-ER1 (C,E) and
preimmune sera (F,H) or anti-MI 1 alpha (G,I). Boxes shown in B and C correspond
to panels D and E while boxes in F and G correspond to panels H and I, respectively.

Arrows indicate MI-ER1 expression in cell cytoplasm. Immunostaining appears brown

while counterstain appears blue.
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Figure 18. Expression of MI-ERI1 in the adult mouse heart.

The heart ventricle of the mouse was stained with preimmune sera (A,B) or pan anti-MI-
ER1 (C,D) and preimmune s F)and ¢ i-MI-ER1 alpha (G,H). Boxes shown in A

and C correspond to panels B and D and boxes shown in E and G correspond to panels F
and H respectively. Arrows indicate cytoplasmic staining in myocytes. Immunostaining

appears brown while counterstaining appears blue.












Figure 20: Expression of MI-ER1 in the mouse adult lung.

The lung of the mouse was stained with preimmune sera (A,B) or pan anti-MI-ER1 (C,D)
and preimmune sera (E,F) 1d anti-MI-ER1 pha (G,H). Boxes shownin A and C
correspond to panels B and D and boxes shown in E and G correspond to panels F and H
respectively. Arrows indicate cytoplasmic iining in bronchial and alveolar epithelium.
Immunostaining appears brown while counterstainii  appears blue. EP=epithelium;AV=

alveoli.






Figure 21. Expression of MI-ER1 in the ¢ bryonic mouse digestive tract.

The estimated position of the sections taken om the 16 day old mouse embryo for
subsequent immunohistochemistry is indica 1 (A). The digestive tract of the 16 day
mouse embryo was immunostair 1 with preimmune sera (B,D) or pan anti-MI-ER1
(C,E) and preimmune sera (F,H) or anti-MI R1 alpha (G,I). Boxes shown in B and C
correspond to panels D and E while boxes in F and G correspond to panels H and I,
respectively. Arrows indicate MI-ER1 expression in cell nuclei and cell cytoplasm.
Immunostaining appears brown while counterstain appears blue. V = villi;LP = lamina

propria.
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Figure 22: Expression of MI-ER1 in the adult mouse digestive tract.

The digestive tract of the adult mouse was: ned wi preimmune sera (A,B) or pan
anti-MI-ER1 (C,D) and preimmune sera (E,F) and anti-MI-ER1 alpha (G,H). Boxes
shown in A and C correspond to panels B and D and boxes shown in E and G correspond
to panels F and H respectively. Arrows indicate cytoplasmic staining cells of the villi.

Immunostaining appears brown v le counterstaining appears blue.
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Figure 23. Expression of MI-ER1 in the embryonic mouse liver.

The estimated position of the sections taken from the 16 day old mouse embryo for
subsequent immunohistoct 1is _ isindica 1(A). The liver of the 16 day mouse
embryo was immunostained with preimmune sera (B,D) or pan anti-MI-ER1 (C,E) and
preimmune sera (F,H) or anti-MI-ER1 alpha (G,I). Boxes shown in B and C correspond
to panels D and E while boxes in F and G correspond to panels H and I, respectively.
Arrows the different cell types in the embryonic liver (E). Immunostaining appears

brown while counterstain appears blue.






Figure 24. Expression of MI-ER1 in the adult mouse liver.

The liver of the adult mouse was:~ 'ned with . mmune sera (A,B) or pan anti-MI-ER|1
(C,D) and preimmune sera (E,F,  d anti-MI-ER1 alpha (G,H). Boxes ownin A and C
correspond to panels B and D and bc s shown in E and G correspond to panels F and H
respectively. Arrows indicate cytoplasmic (D,H) and nuclear (D) staining in the
hepatocytes. Immunostaining » s brown while counterstaining appears bluc.

V=vessel.
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In the spleen, a moderate level of ex cssion of MI-ER1 was detected with the
pan antibody in the cytoplasm of the cells of the white pulp and weak nuclear and
cytoplasmic expression in the cells of the re pulp (Figure 27). No expression was
detected with the alpha antibody (F _ re 28). Thus, ¢ y the beta isoform is expressed in

the spleen and this expression is both nuclear and cytoplasmic.
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Figure 25. Expression of MI-ER1 in the lult mouse kidney.

The cortex (A-D) and the medullla (E-H) oi 1e adult mouse kidney were stained with
preimmune sera (A,B and E,F) or pan anti-] -ER1(C,D and G,H). Boxes shown in A
and C correspond to panels B and ' while boxes in E and G correspond to panels F and
H, respectively. Arrows indicate iclear ar cytoplasmic staining in the epithelial cells
of the cortical tubules (D) collectir tubules (H). Immunostaining appears brown while
counterstain appears blue. CL = tical lal -inth; CT = collecting tubule;

G=glomerulus; MR = medullary .
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Figure 26. Expression of MI-EF alpha in the adult mouse kidney.

The cortex (A-D) and the medullla (E-H) of the adult mouse kidney were stained with
preimmune sera (A,B and E,F) or anti-MI-F 1 alpha (C,D and G,H). Boxes shown in A
and C correspond to panels B and D whilet :es in E and G correspond to panels F and
H, respectively. Arrows indicate cytoplasmic staining in the epithelial cells of the
cortical tubules (D) collecting tubules (H). Immunostaining appears brown while
counterstain appears blue. CL = cortical labyrinth; CT = collecting tubule;

G=glomerulus; MR = medullary .
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Figure 28: Expression of MI-ER1 alpha in the adult mouse splcen

Mouse adult spleen was stained with preimmune sera (A,C,E) and anti-MI-ER1 alpha
(B,D,F). Boxes shown in A correspond to panels C and E while boxes shown in B
correspond to panels D and F. Immunostaii 1g appears brown while counterstain

appears blue. WP= white pulp; RP = red pulp.
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3.3 Expression of MI-ER1 in adult mouse endocrine and endocrine responsive
tissues

Since MI-ER1 interacts with several nuclear steroid hormone receptors, including
the estrogen receptor (Savicky et al. 2004), we investigated the expression pattern in
various mouse endocrine organs and in organs that are responsive to estrogen, such as the

adrenal gland, thyroid, pancreas, ovary, and testis.

3.3.1 Pancreas

The mouse pancreas exhibited a dyn: ic pattern of expression (Figure 29). A
very low level of MI-ER1 cytoplasmic expression was detected in some of the exocrine
cells with both the alpha and pan antibodies, 1dicating that the alpha form is expressed
there. However, the expression of MI-ERI in the endocrine cells of the Islets of
Langerhans was extremely intense. Expression was detected with both antibodies and
was cytoplasmic in both cases, indicating that the alpha isoform is expressed in the
endocrine cells of the Islets.
3.3.2 Thyroid

In the thyroid gland (F* 1re 30), the colloid, in the centre of the follicle was
stained with both antibodies, however this is extracellular staining and is most likely an
artifact. Intense cytoplasmic staining was detected with the pan antibody in all the
thyroxine and triiodothyronine secreting follicular cells bordering the colloid; anti-pan
MI-ERI detected no nuclear expression, indicating MI-ER1 beta cytoplasmic expression.

The parafollicular cells, which do not border the colloid, have larger nuclei and secrete
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calcitonin, were stained intensely with the two antibodies. Expression was detected in
both the nuclei (25%) and cytoplasm with the pan-antibody and only in the cytoplasm
with the alpha antibody. Thus, we can conclude that alpha is expressed in the cytoplasm

and beta is expressed in the nuclei (and poss y cytoplasm) of the parafollicular cells.

3.3.3 Adrenal glands

Another endocrine organ, the adrenal gland, expressed MI-ERI1 in both its cortex
and medulla. In the cells of the zona glomerulosa of the cortex, the proliferative region,
intense nuclear and cytoplasmic st ning was detected, when using the pan antibody
(Figure 31D) while MI-ER alpha was exclusive to the cytoplasm (Figure 32D). This
shows that MI-ERI1 betais expre  linthe I nuclei, while alpha and possibly beta are
expressed in the cell cytoplasm. In the cells of the zona fasciculata, the corticosterone
and cortisol secreting zone, both the nuclei (approximately 50%) and cytoplasm were
stained with the pan antibody (Figure 31D). However, in the zona fasciculata, there was
a small region of cells closest to the outside it was not stained with the pan antibody,
thus MI-ER1 was not expressed tI 2. Expression was detected in the cell cytoplasm
with the alpha antibody (Figure 32D), indicating that MI-ERI1 beta is expressed in the
nuclei, while MI-ER1 alpha and possibly beta are expressed in the cytoplasm of cells of
the fasciculata. There was a gradient of staining when the alpha antibody was used, with
the staining becoming more intense towards the medulla. In the innermost region of the
cortex, the x-zone (the zone which secretes sex hormone substrates), the pan antibody

detected weak cytoplasmic expression in the :lls, while the alpha antibody detected no
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Figure 29. Expression of MI-ER1 in the : ult mouse pancreas

The pancreas of adult mouse was stained with preimmune sera (A,B) and pan anti-MI-

ER1 (C,D) or preimmune sera ( E,F) and anti-MI-ER1 alpha (G,H). Boxes shown in A

and C correspond to panels B and D  1ile boxes shown in E and G correspond to panels
and H, re ectively. Arrowsir ¢ :cytoplasmic staining in the islet cells.

Imuunostaining appears brown while counterstain appears blue.
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Figure 30. Expression of MI-ER1 in the a 1lt mouse thyroid.

The thyroid of adult mouse was s ned with preimmune sera (A,B) and pan anti-MI-ER 1
(C,D) or preimmune sera ( E,F) and anti-MI-ER1 alpha (G,H). Boxes shown in A and C
correspond to panels B and D while boxes s »wn in E and G correspond to panels F and

H, respectively. Arrows indicate nuclear an cytoplasmic staining in the follicular cells,

parafollicular cells, and colloid. 1 1unostainit  appears brown while counterstain

appears blue. C = colloid; FC follicular cells; PF = paratollicular cells.






Figure 31. Expression of MI-ERI1 in the adult mouse adrenal gland.

The adrenal glands of adult mouse were stained with preimmune sera (A,C,E,G) and pan
anti-MI-ER1 (B,D,F,H). Boxes shown in A correspond to panels C,E, and G while boxes
shown in B correspond to panels D,F and H :spectively. Arrows indicate nuclear and
cytoplasmic staining in cells of the zona glom  losa and zona fasciculata (D,F) and
nuclear and cytoplasmic staining in cells in e medulla (H). Immunostaining appears
brown while counterstain appears blue. ZG = Zona glomerulosa; ZF = Zona fasciculata;

X = X-zone; M = Medulla.






Figure 32. Expression of MI-ER1 alpha in the adult mouse adrenal gland

The adrenal glands of adult mouse were stained with preimmune sera (A,C,E,G) and anti-
MI-ER1 alpha (B,D,F,H). Boxes shown in A correspond to panels C,E, and G while
boxes shown in B correspond to panels D,F and H respectively. Arrows indicate
cytoplasmic staining in cells of the zona glomerulosa and zona fasciculata (D,F) and
cytoplasmic staining in cells of the medulla ). Immunostaining appears brown while
counterstain appears blue. ZG = Zona glomerulosa; ZF = Zona fasciculata; X = X-zone;

M = Medulla.
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Figure 33. Expression of MI-ER1 in the a 1lt mouse testis

7 e testis of adult mouse was stained with| immune sera (A,B) and pan anti-MI-ER1
(C,D) or preimmune sera ( E,F) and anti-MI-ER1 alpha (G,H). Boxes shown in A and C
correspond to panels B and D while boxes s wn in E and G correspond to panels F and
H, respectively. Arrows indicate nuclear an cytoplasmic staining of spermatocytes (D)
and cytoplasmic staining of spermatocytes(H). Imuunostaining appears brown while

counterstain appears blue.Sg = Spermatogo  ; Sc = Spermatocytes; Sz = Spermatozoa.












Figure 35. Expression of MI-ER1 alpha in the adult mouse ovary

Ovary of adult mouse was stained with preimmune sera (A,C,E,G) and anti-MI-ER1
alpha (B,D,F,H). Boxesshown A ¢ 9 nd to panels C,E, and G while boxes shown
in B correspond to D,F and H. . follicles are shown in C and D; Secondary
follicles are shown in E and F; and the corpus luteum is shownon G and  Arrows
indicate staining in the primary follicle (D), cytoplasmic staining ¢ the secondary follicle
and oocyte (F) and corpus luteum (H). Imn nosta ing appears brown while

counterstain appears blue. TI= theca interna; GC=granulosa cells; PO= primary oocyte.









adrenal gland, ovary, and hypott 1s expressed both MI-ER1 beta and alpha. Of note,
there was a particularly high level of 1I-ER1 alpha expression compared to the other
non-endocrine adult tissues” it w :exam :d. Tl s, MI-ER1 alpha is more highly

expressed in endocrine tissues than non-er crine tissues of adult mice.
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be employed. Despite having disadvantages, immunohistochemisty is extremely useful
in providing one with information on where 1d when a protein is functioning and can
give important information that can lay the >undwork for potential discoveries. For
these reasons immunohistoch i+ analysis will continued to be used in the future for

scientific research.
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the spleen, which was the only organ we could definitely conclude that MI-ER 1 beta was
expressed in cell nuclei and cytoplasm.

6. MI-ER1 was not expressed in the uclei of cells of five mouse tissues that
were analyzed. These included adult skelet muscle, heart, lung, testine and pancreas.

This could possibly be a mechani.  to regu e the function of MI-ER1.

In conclusion, this project has been  important in determining the spatial and
temporal MI-ER expression in tl ibryonic and adult mouse and it has “ven us
nportant information on possible functions of this protein. Furthermore, this was a
critical preliminary study to the con uction of MI-ER1 transgenic mice. These studies

will enable us to further investige ‘mar functions of this pro  n.
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