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Abstract

The fertile ovary transcriptome and proteome 

Josephine Östman

The Human Protein Atlas is an open-source database containing 
information about protein expression and location in the human cells, 
tissues and organs. The aim is to map all the proteins in humans using 
various biotechnology techniques such as antibody-based imaging, and 
RNA sequencing etc. Based on previous transcriptome analysis, 173 genes 
were shown to have an elevated expression in ovary compared to all 
other major tissue types in the human body. There is however no 
information regarding the expression in ovary during the reproductive 
years versus the post-menopausal years.

In this thesis, the gene expression in ovaries of women in reproductive 
age was compared with women in post-menopausal age. 509 genes were 
found to have an at least 2-fold higher mean value RNA expression in 
the reproductive age group. 14 of these genes were analyzed further 
with antibody staining and multiplex immunofluorescence staining to 
localize the corresponding proteins. The results show that these genes 
are expressed in a variety of structures in the ovarian tissue, such as 
the oocyte, the granulosa cells and the corpus luteum. This thesis has 
demonstrated how data analysis can be used to find genes important for 
the ovary of women in reproductive age and in the future, this could 
aid research in female fertility.
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Äggstockens stora förändringar vid klimakteriet 

Populärvetenskapliga sammanfattning 

Josephine Östman 

Runt 20 000 gener har idag kartlagts hos människan. Dessa gener kodar för mestadels 

proteiner. Under en människas livstid så förändras uttrycket av dessa gener och även mellan 

män och kvinnor så ser genuttrycket annorlunda ut. 

Human Protein Atlas är en öppen databas som har som mål att kartlägga alla proteiner och 

genuttryck i alla organ, vävnader och celler. Äggstockarna är en del av de kvinnliga 

könsorganen. När en kvinna kommer in i puberteten har hon cirka 400 000 omogna ägg i sina 

äggstockar. Ungefär en gång i månaden så mognar ett av dessa ägg och lossnar från 

äggstocken till äggledaren, där det kan befruktas av en spermie. Om en befruktning inte sker 

så inträffar en menstruation, vilket innebär att det obefruktade ägget och slemhinnan i 

livmodern stöts ut. Detta pågår varje månad fram till dess att kvinnan inte har några omogna 

ägg kvar. När detta inträffar, går kvinnan in i klimakteriet. 

För att ett ägg ska kunna mogna varje månad, krävs det att många olika proteiner uttrycks i 

äggstockarna. Vid klimakteriet så ändras gen och proteinuttrycket i och med att kvinnan inte 

längre behöver gå igenom äggmognad varje månad. Vilka gener som är förhöjda i 

äggstockarna hos kvinnor i reproduktiv ålder har ännu inte blivit kartlagt av Human Protein 

Atlas. I detta projekt har gen- och proteinuttrycket i äggstockar från kvinnor i reproduktiv 

ålder jämförts med äggstockar från kvinnor efter klimakteriet. 

Detta gjordes med diverse biotekniska metoder, bland annat antikroppsfärgning. Genom en 

analysering av RNA uttryck, som är förstadiet till proteiner i olika vävnader, fick vi en 

indikation på vilka proteiner som finns i äggstocksvävnaden. Därefter kunde vi använda 

antikroppar som binder till dessa proteiner och är kopplade till ett ämne som kan omvandla ett 

substrat till en brun färg. När substratet tillsattes fick vävnaden en brun färgning, som antyder 

att proteinerna finns i vävnaden. 

Totalt identifierades att uttryck av 509 gener skiljde sig mellan kvinnor i fertil ålder jämfört 

med kvinnor efter klimakteriet. Av dessa gener så valdes 14 ut för antikroppsfärgning. 

Färgningsmönstret av proteinerna visade färgning i olika delar av äggstockarna som krävs för 

ägglossning och fertilitet. Sammanfattningsvis har detta projekt kartlagt var olika proteiner 

finns i äggstockarna hos kvinnor i fertil ålder jämfört med kvinnor efter klimakteriet och i 

framtiden kan detta förhoppningsvis hjälpa forskare att förstå mer om den kvinnliga 

fertiliteten. 
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Abbreviations  
 

DAB 3,3' diaminobenzidine (chemical used in immunohistochemistry as substrate) 

GTEx The Genotype-Tissue Expression project 

HPA The Human Protein Atlas 

HRP Horseradish peroxidase (enzyme used in immunohistochemistry)   

LIMS Laboratory Information Management System (an internal database)  

mIF Multiplex Immunofluorescence 

mRNA messenger ribonucleic acid  

pTPM Transcript per million for protein coding genes 

TMA Tissue Microarray 

TSA Tyramide Signaling Amplification  

ZP Zona pellucida (thin layer around the oocyte)  

 

Genes and Proteins 

In this thesis, the abbreviations of the genes and proteins are the same. The genes are written 

with small and cursive letters. The corresponding PROTEINS for the genes are written with 

capital letters. For example, the gene zp2 encodes for the protein ZP2. 

Protein list 

ALOX15B Arachidonate 15-lipoxygenase, type B 

CDH2 Cadherin-2 

DDAH1 Dimethylarginine dimethylaminohydrolase 1 

DSP Desmoplakin 

ELAVL2 Embryonic lethal and abnormal vision-like 2 

FIGLA Factor in the germline alpha 

HMGB3 High mobility group protein B3 

INSL3 Insulin like 3 

RTL9 Retrotransposon gag-like protein 9 

SPP1 Secreted phosphoprotein 1 

STAG3 Cohesin subunit SA-3 

ZP2 Zona pellucida glycoprotein 2 

ZP3 Zona pellucida glycoprotein 3 

ZP4 Zona pellucida glycoprotein 4 
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1 Introduction 

Ovaries are very dynamic organs and gene expression most likely differs between a fertile 

woman and a woman in menopause and post-menopause. Investigation of these gene 

expression differences can aid research in female fertility and also help researchers better 

understand the key mechanisms in the ovaries. The aim of The fertile ovary transcriptome 

and proteome project is to identify genes with an elevated expression in fertile women and 

quantify and localize the corresponding proteins in tissue from ovary using various 

immunohistochemistry methods. This information will be uploaded on the Human Protein 

Atlas (HPA). 

 

The HPA (https://www.proteinatlas.org/) is an open-source database containing information 

about protein expression and location in the human cells, tissues and organs. The aim of the 

HPA is to map all the proteins in humans using various biotechnology techniques such as 

antibody-based imaging, mass spectrometry, RNA sequencing etc. In May 2021, the HPA 

consisted of six different sections: The Tissue Atlas, The Single Cell Type Atlas, The 

Pathology Atlas, The Brain Atlas, The Blood Atlas and The Cell Atlas (Uhlen et al. 2015). 

The fertile ovary transcriptome and proteome project is a part of The Tissue Atlas.  

 

The Tissue Atlas aims to compile information regarding the expression profiles in human 

tissues and organs on both the messenger RNA (mRNA) and protein level. Based on previous 

transcriptome analysis, 173 genes were shown to have an elevated expression in ovary 

compared to all other major tissue types in the human body. There is however no information 

regarding the expression in ovary during the reproductive years versus the post-menopausal 

years.  

 

 

  

https://www.proteinatlas.org/
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2 Theory 

In this project, different biotechnology techniques were used to localize proteins expressed in 

ovarian tissue. A schematic overview of the study design is presented in Figure 1. 

 

Figure 1. A schematic overview of the different parts of the project. The first part of the project was to 

analyze RNA-sequencing data for genes expressed in ovarian tissue. When this analysis was done, gene 

candidates were selected. Ovarian tissues were examined and selected for making a tissue microarray. When the 

Tissue Microarray was completed, the chosen gene candidates corresponding proteins were localized with 

immunohistochemistry and multiplex immunofluorescence.  

2.1 The ovaries 

The ovary is an organ of the female reproductive system and women are born with two 

ovaries (Rendi et al. 2012). The main functions of the ovaries during the reproductive years, 

from puberty to menopause, is to develop mature female germinal cells (oocytes) and produce 

sex hormones (estrogen, progesterone and testosterone) necessary for reproduction (McGee & 

Strauss III 2016, Wagner et al. 2020). These events take place in the cortex, the outer layer of 

the ovary. The ovary also has an inner part called medulla, which mainly consists of blood 

vessels and nerves. The cortex has an anatomical structure called the follicle where the oocyte 

is located. During the menstrual cycle, hormones are produced in the ovaries. These hormones 
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are responsible for structural changes within the ovaries, making the development and 

maturation of the oocyte inside the follicle possible. This process is called folliculogenesis 

(Conti & Chang 2016). Women are born with a certain number of primordial follicles (non-

growing follicles containing a small oocyte). This number is estimated to be around 1-2 

million (Perheentupa & Huhtaniemi 2009). When the female enters puberty, only between 

300 000-500 000 primordial follicles remain, due to atresia which is the process of breaking 

down the follicles. Of these primordial follicles, only around 400-500 will be chosen to go 

through a full folliculogenesis and the rest will go through atresia (Conti & Chang 2016, 

Skaznik-Wikiel et al. 2016). Before a primordial follicle can be chosen, a pool of primordial 

follicles are recruited to start growing. They continue to grow (and the oocyte within them) 

until they reach a stage where a dominant follicle is chosen and only that one will reach full 

maturation and ovulate, typically once a month. When the ovulation has occurred, what is left 

of the follicle develops into the corpus luteum, an anatomic structure responsible for hormone 

production. If a pregnancy occurs, the corpus luteum will continue to produce hormones until 

the placenta is developed enough to take over. If a pregnancy does not occur, the corpus 

luteum will go through degradation and the menstrual cycle starts over (Conti & Chang 

2016). When the primordial follicle reserve is nearly depleted, menopause occurs and the 

ovaries go into a new stage with less hormone production and no more folliculogenesis 

(Perheentupa & Huhtaniemi 2009). 

2.1.1 The different cell types of the cortex 

The follicle consists of different cell types: the oocyte, granulosa cells and theca cells (Fan et 

al. 2019). Depending on which phase of the menstrual cycle, the distribution of these cells 

(except the oocyte) changes. The more the oocyte matures, the more granulosa cells will 

surround the follicle and eventually theca cells too. These different stages are called 

primordial follicle, primary follicle, secondary follicle and tertiary follicle (see Figure 1). 

When the tertiary stage is reached, the dominant follicle will continue to the ovulation process 

while the rest go through atresia (Conti & Chang 2016).  
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Figure 1. The different stages of the follicle before ovulation. An unmatured follicle is called primordial 

follicle. As it matures, it becomes a primary follicle, secondary follicle and lastly a tertiary follicle, which later 

will go through ovulation. Figure is adapted from Conti & Chang 2016.  

 

If selective biomarkers are used, it could be possible to detect proteins expressed by the 

oocyte, the granulosa cells and theca cells that indicate health conditions related to fertility 

issues. 

 

The cortex also contains stromal cells. Stromal cells are the most common type of cells and 

are defined in the ovary as the cells that are not a part of the follicle. They support the 

function of the ovary and are mostly blood vessels, nerves, lymphatic vessels and immune 

cells (Kinnear et al. 2020).     

2.2 Tissue Microarray 

The tissues used at HPA have been formalin fixed and are conserved in paraffin blocks. The 

formalin fixation makes the proteins within the tissue chemically cross link and therefore stop 

cellular processes and avoid degradation (Lai & Lü 2012). To make a tissue microarray 

(TMA) for ovaries, small cross sections of tissue from paraffin blocks containing ovary tissue 

(donor block) will be transferred to another empty paraffin block (recipient block). The cross 

sections on the recipient block are then thinly sliced and transferred to a glass slide. The glass 

slide can then be stained with antibodies (Kampf et al. 2012).     
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2.3 Immunohistochemistry 

The type of staining with antibodies in this project is referred to as immunohistochemistry. 

The surface of proteins has molecules called antigens that usually are made of peptides or 

polysaccharides. The antigen can be bound and detected by an antibody. Antibodies are in 

general designed to be specific to a certain antigen (Male et al. 2012). This means that if we 

know the antigen of a protein that we want to detect in a tissue, we can choose a specific 

antibody to target the protein of interest. If the antibody binding is coupled to a detection 

method, localization and quantification of the proteins are possible.   

 

The detection method that was used for the ovary TMA is the precipitation of a brown color 

by the enzyme horseradish peroxidase (HRP). First, a primary antibody binds to the antigen of 

the protein of interest. Then a secondary antibody that has a linker polymer with the HRP 

binds to the primary antibody. By adding 3,3' Diaminobenzidine (DAB) to the sample, the 

HRP will convert the DAB into a brown precipitate that can be detected and quantified 

(Kampf et al. 2012). In Figure 2 below, the binding of the antibodies can be seen. The 

evaluation of the staining pattern is done by scanning the TMA slide and uploading the 

picture to a computer. The pictures are then manually assessed. 

 

 

 
Figure 2. Antibodies binding to the antigen of a protein of interest. Figure is adapted from the Human 

Protein Atlas (https://www.proteinatlas.org/learn/method/immunohistochemistry).  

2.4 Multiplex immunofluorescence 

Multiplex immunofluorescence (mIF) is a technique for simultaneous detection of several 

proteins in tissues or cells. In this project, the OPAL mIF technique was used which is a 

tyramide signaling amplification (TSA) method. A primary antibody bound to a secondary 

antibody conjugated with HRP binds to the desired protein target in the tissue. An OPAL 

https://www.proteinatlas.org/learn/method/immunohistochemistry
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tyramide-fluorophore is then added and reacts with the HRP to an activated state which 

covalently binds to tyrosine residues in close vicinity to the protein target. A heat treatment 

removes the antibodies and new antibodies for other protein targets in the tissue can be added 

with other OPAL fluorophores. The fluorophores emit light when they are exposed to light of 

a certain wavelength. By using a scanner that can expose the tissue for all the wavelengths 

corresponding to the OPAL fluorophores, an image containing all the fluorophores at once 

can be produced (Lee et al. 2020). In Figure 3, an overview of this process can be seen.  

 

 
Figure 3. The OPAL multiplex immunofluorescence process. Figure adapted from Lee et al. 2020. 
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3 Material and Methods 

The project was divided into three main parts: Candidate selection, Design of Tissue 

Microarray for ovary and protein localization by use of Immunohistochemistry and Multiplex 

immunofluorescence. 

3.1 Candidate Selection 

Gene candidates for the TMA were selected from the Genotype-Tissue Expression project 

(GTEx) data containing samples from ovaries (Keen & Moore 2015). The programming 

language R was used, and the script is presented in Figure A1 in appendix. The original data 

consisted of RNA sequencing data in transcript per million for protein coding genes (pTPM) 

for 19.670 genes from 133 samples from women between the age 20-79. The samples were 

categorized into groups of age 20-29, 30-39 etc. The data did not contain information on all 

the 19.670 genes. Therefore, the genes with NA values were first removed. After that, the 

samples were divided into two new groups, one called the Reproductive age group (age 20-

39) containing 26 samples and one called the Post-menopause age group (age 60-79) 

containing 36 samples. The mean value for each gene was calculated.  

To select gene candidates with elevated expression in the Reproductive age group, a twofold 

cut off was set. This means only the genes with a twofold or higher pTPM value in the 

reproductive age group compared to the Post-menopause age group were selected. It was also 

decided that only genes with  ≥ 1 pTPM in the reproductive age group would be selected.  

In the Laboratory information management system (LIMS), the genes which met the previous 

mentioned criteria were used as an input to search for antibodies. Only the genes with 

antibody reliability of “Supported” were selected. After this, the staining of the antibodies on 

ovary tissue were manually assessed. The antibodies that are multi-targeting (i.e. they can 

bind to multiple antigens) were removed from the list and the test staining candidates were 

selected, see Table 1 in Results.  

3.1.1 Statistical Analysis of RNA sequencing data 

The final gene candidates were statistically analyzed. Box plots, p-value and standard 

deviation value were generated through the script in Figure A2 in appendix. The p-value was 

generated through a Wilcoxon test, since the data is non-parametric. The resulting box plots 

can be seen in Figure A3-A6 in appendix, with the calculated p-values. In Table 2-3 in 

Results, the standard deviation is presented along with mean value, maximum and minimum 

value.   
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3.2 Design of Tissue Microarray for ovary 

Human tissues samples for the TMAs were collected and handled in accordance with Swedish 

laws and regulation. Tissues were obtained from the Clinical Pathology department, Uppsala 

University Hospital, Sweden and collected within the Uppsala Biobank organization. All 

samples were anonymized for personal identity by following the approval and advisory report 

from the Uppsala Ethical Review Board (ref nos. 2002-577, 2005-388, 2007-159). Informed 

consent was obtained from all subjects in the study. 

To select ovary tissues for the ovary TMA, hematoxylin and eosin stained cross sections were 

examined with microscope to find areas containing stroma and follicles. Nine tissues in 

reproductive age (35-47) and seven tissues in post-menopausal age (55-86) were used for the 

TMA out of totally 70 tissues. All tissues had two replicates except for one tissue in the 

reproductive age group which had three. In Figure A7 in appendix, the final design of the 

TMA is presented. 

For the women in reproductive age, the sections chosen contain follicles.  For the women in 

the post-menopausal age, the sections chosen only contain stroma. With the microarrayer 

machine, cross sections of paraffin were cut out from the recipient block and then filled with 

tissue cross sections from the donor blocks. When this was done for all the chosen sections, 

the ovary TMA was thinly sliced and transferred to glass slides prior to antibody staining.  

3.3 Immunohistochemistry 

Since the tissues on the TMA have been conserved in paraffin and are dehydrated, the first 

step was to deparaffinize and hydrate the tissues in xylene and decreasing alcohol gradient, 

respectively. To block endogenous peroxidase from giving a false positive signal, the slides 

were treated with H2O2. After this, antigen retrieval was performed. The slides were boiled in 

a pressure cooker in a citrate buffer to make the antigens on the proteins more accessible for 

the antibodies. Thereafter the slides were treated with a protein blocking solution, to avoid 

unspecific binding of the primary antibody. A primary antibody was added to the slides, then 

a secondary antibody with HRP was added. After this DAB was added, which reacted with 

the HRP and generated a brown color. The slides were then stained with hematoxylin and 

lithium carbonate for background staining. After this, the slides were dehydrated in alcohol 

and treated with NeoClear to make the tissue suitable for the mounting of the cover slide. The 

slides were then scanned using the Aperio AT2 from Leica Biosystems and the program 

Aperio ScanScope Console in 20x resolution.  

Material and instruments used for the staining can be found in Table A1 and Table A2 in the 

appendix. A more detailed protocol can be found in appendix 1. Immunohistochemistry 

protocol. 



19 

 

3.4 Multiplex immunofluorescence staining 

In the mIF staining, the first steps were the same as for the regular immunohistochemistry 

(deparaffinization, dehydration and antigen retrieval). When the antibody staining was done, 

first the primary antibody was added, then the secondary antibody with HRP. After this, the 

OPAL fluorophore was added. The slides were then boiled to stop the reaction and the 

antibody staining was repeated with another OPAL fluorophore until all cycles were done. 

After all the staining cycles, DAPI was added to the slides for nuclear staining. The slides 

were then scanned using Vectra PolarisTM from Akoya Biosciences and the program Akoya 

Science inform 2.4 using the settings in Table A6-A7 in appendix.  

Material and instruments used for the mIF staining can be found in Table A1 and Table A3-

A5 in the appendix. A more detailed protocol can be found in appendix 2. Multiplex 

immunofluorescence staining protocol. 
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4 Results 

4.1 Candidate Selection 

The original RNA-sequencing data contained 19.670 genes. After removing the NA values, 

18.816 genes remained. When the cut-offs had been set, 509 genes met both criteria of having 

at least 1 pTPM in the Reproductive age group and having at least a 2-fold higher RNA 

expression in the Reproductive age group compared to the Post-menopause age group. After 

the antibody search in LIMS, only 174 genes were left. Finally, after the manual assessment, 

14 genes were selected for further analysis (Table 1). These genes have either good staining in 

follicles or has antibody staining pictures with no follicles but according to literature, might 

have a function in other sex organs (i.e. testicles). In Table 2 and 3, the calculated mean value 

and standard deviation for the Reproductive age group and Post-menopause age group are 

presented. In Figure A3-A6 in appendix, the boxplots of the RNA expression are presented 

for the 14 final gene candidates.  
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Table 1. The final gene list candidates. The mean value for the Reproductive age group, the Post-menopause 

age group and the fold change are presented. The protein names are from www.uniprot.org.  

Name of 

Gene 

Name of protein Protein 

abbreviation 

Mean value 

Reproductive 

age group 

(pTPM) 

Mean value Post-

menopause age 

group (pTPM) 

Fold 

increase 

zp4 Zona pellucida glycoprotein 

4 

ZP4 1.59714 0.0010990 1453.3 

zp2 Zona pellucida glycoprotein 

2 

ZP2 1.01885 0.0043950 231.81 

figla Factor in the germline alpha FIGLA 2.6555 0.081010 32.779 

zp3 Zona pellucida glycoprotein 

3 

ZP3 12.131 2.3147 5.2408 

stag3 Stromal antigene 3 STAG3 2.07501 0.56117 3.6977 

dsp Desmoplakin DSP 5.4516 1.6252 3.3545 

cdh2 Cadherin-2 CDH2 8.8250 3.3310 2.6495 

alox15b Arachidonate 15-

lipoxygenase, type B 

ALOX15B 1.8368 0.74421 2.4277 

spp1 Secreted phosphoprotein 1 SPP1 22.681 9.8657 2.2989 

hmgb3 High mobility group protein 

B3 

 

HMGB3 12.250 5.4880 2.2321 

elavl2 Embryonic lethal and 

abnormal vision-like 2 

ELAVL2 1.0462 0.47065 2.2229 

insl3 Insulin like 3 INSL3 129.24 58.869 2.1953 

rtl9 Retrotransposon gag-like 

protein 9 

RTL9 1.8067 0.89010 2.0634 

ddah1 Dimethylarginine 

dimethylaminohydrolase 1 

DDAH1 5.1070 2.5280 2.0198 

  

 

 

 

http://www.uniprot.org/
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Table 2. The Reproductive age group calculated values. The calculated mean value, maximum value, 

minimum value and standard deviation for the Reproductive age group.  

Name of gene Mean value 

(pTPM) 

Maximum 

value (pTPM) 

Minimum value 

(pTPM) 

Standard 

deviation (pTPM) 

zp4 1.5971 9.4712 0 2.8224 

zp2 1.0189 6.4945 0 1.8293 

figla 2.6555 20.145 0 5.2997 

zp3 12.131 81.833 0.75590 20.312 

stag3 2.0750 14.426 0.096970 3.8475 

dsp 5.4516 31.913 0.7204 7.3887 

cdh2 8.8250 33.047 1.2910 6.3701 

alox15b 1.8368 6.8227 0.31860 1.85093 

spp1 22.681 152.546 1.252 36.394 

hmgb3 12.250 45.468 1.7870 9.2731 

elavl2 1.0462 5.6116 0.17830 1.2941 

insl3 129.24 1294.1 0.53500 292.33 

rtl9 1.8067 10.912 0 2.9400 

ddah1 5.1070 26.045 0 5.2166 
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Table 3. The Post-menopause age group calculated values. The calculated mean value, maximum value, 

minimum value and standard deviation for the Post-menopause age group.  

Name of gene Mean value 

(pTPM) 

Maximum value 

(pTPM) 

Minimum value 

(pTPM) 

Standard 

deviation (pTPM) 

zp4 0.0010990 0.039564 0 0.0065940 

zp2 0.0043950 0.082400 0 0.01623 

figla 0.081010 0.44857 0 0.12956 

zp3 2.3147 5.0308 0.53830 1.0887 

stag3 0.56117 1.88641 0.01275 0.46009 

dsp 1.6252 8.7315 0.26090 1.4804 

cdh2 3.3310 12.880 0.76560 2.5084 

alox15b 0.74421 4.5876 0 1.1420 

spp1 9.8657 80.712 0.16410 18.546 

hmgb3 5.4880 15.911 1.1330 3.3628 

elavl2 0.47065 1.1845 0.038250 0.28003 

insl3 58.869 1959.9 0.40320 326.08 

rtl9 0.8901 4.0974 0.14910 0.75320 

ddah1 2.5280 10.360 0 2.0632 

4.2 Immunochemistry of the selected proteins 

To visualize the protein expression for the corresponding genes, immunohistochemistry was 

performed. In Figure 4, images of the staining are presented.  
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Figure 4. Immunohistochemical staining of ovarian tissue with antibodies. Only ovarian tissues with 

follicles are presented. All the tissue are from women of reproductive age.    

ZP4-ZP2 shows staining in a layer around the oocyte. ZP3 and ZP2 also show cytoplasmic 

staining in the oocyte and ZP3 has staining between the granulosa cells. FIGLA, STAG3, 

HMGB3 and RTL9 show nuclear staining in the oocyte. DSP, ALOX15B, SPP1 and 

ELAVL2 show cytoplasmic staining in the oocyte. INSL3, DDAH1and CDH2 show staining 

around or in the granulosa cells. DDAH1 also has some cytoplasmic staining in the oocyte. 

For some of the stainings, the antibody did not stain all of the follicles present in the TMA, or 

the staining pattern was different for different follicles. In Figure 5 some such examples are 

shown. 
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Figure 5. Immunohistochemical staining of ZP4, HMGB3, INSL3 and STAG3 with deviating staining 

patterns for different follicles. Only ovarian tissues with follicles are presented. All the tissues are from women 

of reproductive age.          

For ZP4, (A) shows staining around the oocyte and (B) shows barely any staining of the 

oocyte. HMGB3 in (C) shows clear nuclear staining of the oocyte while (D) shows almost no 

staining in the nucleus. For INSL3, (E) shows staining around the granulosa cells around the 

oocyte and (F) shows no staining at all. STAG3 shows staining in the nucleus for (G) but no 

staining in (H).  

Some of the antibodies stained in other structures than the follicle that still have an important 

function in the ovary. In Figure 6, staining patterns of some of the antibodies in corpus luteum 

can be seen. In Figure 7 and 8, the staining of DDAH1 and CDH2 in cystic or atretic follicles 

is presented.  

 

Figure 6. Antibody staining in corpus luteum cells. The corpus luteum cells were identified after examining 

available immunohistology stainings of corpus luteum structures. The tissue is from a woman of reproductive 

age.          
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Figure 7. Antibody staining of the protein DDAH1 in cystic or atretic follicles. The structures were identified 

as either cysts or atretic follicles after examining available immunohistology stainings of similar structures in 

ovarian tissue. Tissue A is from a woman of reproductive age and B-C are from women in post-menopausal age.  

 

Figure 8. Antibody staining of the protein CDH2 in cystic or atretic follicles. The structures were identified 

as either cysts or atretic follicles after examining available immunohistology stainings of similar structures in 

ovarian tissue. Tissue A is from a woman of reproductive age and B-C are from women in post-menopausal age. 

The post-menopausal women had no follicles in their tissue cores and hence, showed no 

staining in follicles. Some tissue did however contain structures that could be cysts or atretic 

follicles (Figure 7 and 8). Some stroma staining could be seen for some of the proteins, but 

the same pattern was seen for the women in the reproductive age group.  

4.3 Multiplex immunofluorescence staining 

To analyze the co-expression of some of the proteins, mIF was performed. The proteins 

selected for the different panels were all localized in different parts of the follicle, i.e. nucleus 

of the oocyte, the cytoplasm of the oocyte, the zona pellucida (layer around the oocyte) and 

the granulosa cells. 

In Figure 9 and 10, the staining of the proteins INSL3, ZP2, SPP1 and STAG3 can be seen. In 

Figure 10, ZP2 and STAG3 show clear and restricted staining to the oocyte. INSL3 shows 

staining in more or less the entire tissue. SPP1 is mostly located to the cytoplasm of the 

oocyte, but can also be detected in the tissue.  
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In Figure 11 and 12, the staining of the proteins INSL3, ZP4, ELAVL2 and STAG3 can be 

seen. In Figure 12, ZP4 and STAG3 show staining most restricted to the oocyte, while INSL3 

and ELAVL2 show staining in the entire tissue. ELAVL2 is more concentrated to the 

cytoplasm of the oocyte.   

In Figure 13, the staining of the proteins ZP3, ALOX15B and FIGLA can be seen. CDH2 was 

also part of this panel, but was not detected at all and is therefore not presented in the figure. 

ZP3 is in red, ALOX15B is in green and FIGLA is in yellow. ZP3 and FIGLA are restricted 

to staining in the oocyte while ALOX15B is mostly stained in the cytoplasm in the oocyte, 

but also in tissue.  

 

 

Figure 9. The multiplex staining of INSL3, ZP2, SPP1 and STAG3 in a composite picture. INSL3 in 

magenta, ZP2 in red, SPP1 in green and STAG3 in yellow. The tissue shows follicles and is from a woman of 

reproductive age.  
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Figure 10. The multiplex staining of INSL3, ZP2, SPP1 and STAG3 in individual pictures. INSL3 in 

magenta, ZP2 in red, SPP1 in green and STAG3 in yellow. The tissue shows follicles and is from a woman of 

reproductive age.  
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Figure 11. The multiplex staining of INSL3, ZP4, ELAVL2 and STAG3 in a composite picture. INSL3 in 

magenta, ZP4 in red, ELAVL2 in green and STAG3 in yellow. The tissue shows follicles and is from a woman 

of reproductive age.  
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Figure 12. The multiplex staining of INSL3, ZP4, ELAVL2 and STAG3 in individual pictures. INSL3 in 

magenta, ZP4 in red, ELAVL2 in green and STAG3 in yellow. The tissue shows follicles and is from a woman 

of reproductive age.  
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Figure 13. The multiplex staining of ZP3, ALOX15B and FIGLA. ZP3 in red, ALOX15B in green and 

FIGLA in yellow. The tissue shows follicles and is from a woman of reproductive age.  
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5 Discussion 

In this project, the analysis of ovary RNA sequencing data has provided a list of genes with 

higher expression in the ovary tissue of women in reproductive age compared to post-

menopausal age. These genes might have an important role for the fertile ovary. The 

corresponding proteins to 14 of these genes were stained with antibodies to localize the 

protein expression. The staining showed that the proteins are localized in different parts of the 

follicle and also in other structures in the ovary, e.g. corpus luteum and atretic follicles. In 

conclusion, this project has demonstrated how data analysis can be used to find genes of 

importance to fertility and how biotechnology methods such as immunohistochemistry and 

multiplex immunofluorescence can localize the expression of the proteins expressed by these 

genes. In the future, this kind of analysis can aid research in female fertility.  

5.1 Candidate selection 

The candidate selection part of the project had a lot of limitations. The original data from 

GTEx had 133 samples, but only 62 were used. The reason for this is how the data in GTEx is 

divided into age groups (20-29, 30-39 etc.). Menopause occurs around the age of 51, but 

variations do occur. This means menopause can occur before the age of 51 but also after. The 

samples do not have any information about fertility, so age is the only indication of fertility 

state. To increase the chances that the samples within the Reproductive age group are fertile 

and the samples within the Post-menopause age group are non-fertile, the age groups of 40-49 

and 50-59 were excluded. This means that in the end, the Reproductive age group contained 

26 samples between the age 20-39 and the Post-menopause age group contained 36 samples 

between age 60-79. 

Two cut offs were set for the data set. One was that the RNA expression has to be ≥ 1 pTPM 

in the Reproductive age group. This is to ensure that there will be enough protein in the tissue 

that can be targeted by antibodies (level of RNA expression is an indication for level of 

protein expression). ZP2 for example has an average pTPM expression of about 1 pTPM and 

images from previous staining show strong staining, so it was decided as a good cut off. The 

other cut off was that the pTPM expression in the Reproductive age group has to be at least 2-

fold higher than in the Post-menopause age group. The reason this cut off was made was to 

ensure that as many candidates as possible would be chosen, but still with a difference in 

expression. However, a 2-fold increase in expression may not be of biological relevance, and 

it is possible that some genes made the cut off but do not have an important function for the 

ovary. An increase of number of samples, as well as an indication of their fertility status could 

improve the data analysis and make sure that those genes that make the 2-fold cut off actually 

have a true increase in expression and are not chosen due to random variation between 

samples.  
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Antibody availability was a major limitation. In the gene list of 509 genes for example, genes 

with known indication of fertility (e.g. amh, which is an indication of the follicle reserve) 

could be found but HPA has no antibodies that have passed the test staining (van Rooij 2002). 

Thus, genes like this were omitted from the final list. In future ovary gene expression projects, 

it would be great if there was an antibody design phase, where antibodies could be 

manufactured or ordered from other companies, just to be able to detect more genes that could 

be important for fertility.   

Another antibody limitation was the reliability of the antibody. The criteria for an antibody to 

pass the selection step was to have an antibody reliability of “Supported”. This reliability is 

set manually by the person evaluating the staining. To get “Supported”, the staining pattern 

must show medium or high consistency with RNA levels and be consistent with literature (if 

there are any). To get “Approved”, either the staining pattern has medium or high consistency 

with RNA levels and is inconsistent to valid literature or the staining pattern has low 

consistency with RNA levels but is consistent with valid literature (Sivertsson et al. 2020). 

The difference between an antibody classified as “Supported” and “Approved” can be 

dependent on the available literature. A gene with little or no research and where the 

corresponding protein has not been localized in the cell/tissue could easily have been omitted 

from the list, even though the antibody shows staining. The same can happen to a gene that 

shows high RNA expression but weak staining, simply because the corresponding protein is 

secreted and no longer present in the tissue, and there is not enough literature on the protein to 

confirm that it is secreted. Therefore, in a future project, it could be interesting to also have 

candidates with antibodies of “Approved” reliability too.  

In Table 2 and 3, the calculated mean value and standard deviation for the final gene 

candidates in the Reproductive age group and Post-menopause age group can be seen. Many 

genes show variability in RNA expression, which can be expected from biological samples. 

The reason for the variations can be many. For example, some of the genes might be oocyte 

specific. This means that in order to get a value in the RNA sequencing, oocyte tissue must be 

present. We cannot be sure that an oocyte was in all of the samples when the sequencing was 

done by GTEx. If it wasn’t, the value would be zero for the oocyte specific genes and hence 

contribute to a lower mean value. This demonstrates again the limitation of small sample size. 

In Figure A3-A6 in appendix, the boxplots of the RNA expression of the final gene candidates 

show that two genes did not have a significant difference in the expression between the 

Reproductive age group and the Post-menopause age group. The genes were alox15b and 

stag3. The reason they made the 2-fold cut off is because some samples in the Reproductive 

age group showed much higher expression than the other samples, increasing the mean value, 

and hence making enough difference compared to the Post-menopause age group. As stated 

before, the problem with biological samples is that variation, in this case RNA expression, is 

normal. It is therefore hard to know if a sample is within a normal expression range, or if the 

sample is an outlier. Like discussed above, more samples in the data analysis will make the 
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analysis less sensitive to variation, and also make it easier to identify true outliers. Both 

alox15b and stag3 were still kept in the final gene candidate list. Alox15b showed a 

significant p-value (0.014) when comparing all the samples between 20-49 and 50-79, 

demonstrating how increased number of samples can affect the outcome of an analysis. 

Therefore, alox15b was still considered an interesting candidate. Stag3 did not show a 

significant p-value even when comparing the groups 20-49 with 50-79. However, literature 

search suggested that stag3 could still be relevant. Since the cut off was based on mean value 

difference, and not significance value, stag3 was decided to still be a valid candidate.  

5.2 Design of Tissue microarray for ovary 

The design and manufacturing of the TMA for ovaries (Figure A7 in appendix) shows that 

most cores from the women in reproductive age contained follicles. The follicles were 

however more or less in the same stage of the menstrual cycle (primordial follicles or primary 

follicles). This means, if we have genes more active in the later stages of the menstrual cycle, 

we might not detect them with this ovary TMA. The later stages of follicles have for example 

more layers of granulosa cells. If we want to detect a protein expressed by the granulosa cells, 

it would be favorable to have a core containing a follicle in one of the later stages. To 

improve this ovary TMA, tissue containing follicles of all stages in the menstrual cycle could 

be included. Ovarian tissue is however hard to find, and especially ovarian tissue of women in 

reproductive age and knowledge about the day of the menstrual cycle.  

Since available ovary tissue was a limitation, four of the tissues used in the TMA came from 

women over the age of 40 and two of the tissues used in the TMA came from women under 

the age of 60, even though these age groups were excluded from the data analysis. This is not 

believed to have affected the result of the ovary TMA staining since all tissues were 

controlled before use. The tissues of the women in reproductive age all had follicles and were 

therefore assigned as fertile. For the two samples under 60, the tissue did not contain any 

follicles and in combination with the fact that the age of the women was over 51 (average age 

of menopause), they were assigned as non-fertile.  

5.3 Immunohistochemistry 

An important thing to know about antibody staining is that sometimes the antibody can bind 

“off target”. The binding between antibody and the antigen is based on affinity, so it is 

possible that another structure in the tissue can bind the antibody as well if the affinity is high 

enough. Another thing to consider is that the protein of interest might be expressed by several 

cell types and have different functions in different anatomic structures. Therefore, an 

unexpected antibody staining pattern could be justified, and not an “off target” staining. It is 

therefore important to examine all the staining images and determine if the staining pattern 

seems reasonable or not.  
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Most of the antibodies stained as expected for the target proteins. The staining of ZP2-ZP4 

shows staining in a layer around the oocyte. This is expected since, Zona pellucida 

glycoprotein 2 (ZP2), Zona pellucida glycoprotein 3 (ZP3) and Zona pellucida glycoprotein 4 

(ZP4) are glycoproteins in the zona pellucida (ZP), an extracellular matrix around the oocyte 

(Dai et al. 2019). The ZP is involved in sperm binding processes to the oocyte and is therefore 

crucial for the fertility (Wassarman 2008). ZP3 and ZP2 show some cytoplasmic staining and 

ZP3 has staining between the granulosa cells as well. The follicles in the pictures of ZP3 and 

ZP2 are in a later stage than the one of ZP4. This means the oocyte is growing, and with it, 

the ZP. The ZP proteins are expressed in the nucleus of the oocyte and then translated in the 

cytoplasm. Therefore, it is not strange that the ZP proteins are stained in the cytoplasm as 

well. The presence between the granulosa cells can maybe be explained by the growth of the 

oocyte. When the oocyte grows, the granulosa cells also have to grow in numbers. While the 

oocyte expands, it is possible that small spaces become available between the granulosa cells 

and therefore, the ZP proteins can fill those spaces before the granulosa cells have divided and 

can cover that space again. Another explanation is that in the cutting of the tissue, the ZP was 

damaged and smeared on the rest of the tissue, the oocyte is after all a three-dimensional 

structure. ZP4 shows however no staining in Figure 5B. This could be since the follicle is 

very undeveloped, the ZP is very thin and could not be stained enough to be detected.  

The factor in the germline alpha (FIGLA) is a transcription factor involved in the 

development of primordial follicles in the human fetal ovary (Bayne et al. 2004). After birth, 

FIGLA is associated with regulation of the expression of the ZP glycoproteins (ZP1-ZP4) 

(Huntriss et al. 2002). The staining of FIGLA is as expected with staining in the nucleus.  

Stag3 encodes for a subunit of the protein cohesin (cohesin subunit SA-3, called in this report 

STAG3), which is involved in the paring and separation of the chromosomes during meiosis 

(Le Quesne Stabej et al. 2016). Mutations in stag3 can lead to premature ovarian failure and 

infertility (Caburet et al. 2014). Since STAG3 is involved in the meiosis process the staining 

is in the nucleus of the oocyte. In Figure 5H, a follicle with no staining of the nucleus can be 

seen. This could be either because of the cutting of the follicle since the three-dimensional 

structure makes it possible to slice the follicle at a place where the nucleus is not present. 

Another explanation could be that stag3 is expressed in different amounts, depending on the 

stage of maturation of the follicle. The meiosis process is not fully complete in an oocyte until 

after the fertilization with a sperm cell, and hence the stag3 expression can vary depending on 

where in the meiosis cycle the oocyte is (MacLennan et al. 2015).  

The dsp gene encodes for the protein desmoplakin (DSP). DSP is the major component in 

desmosomes, a specialized structure involved in cell to cell adhesion and is abundant in skin 

and muscle tissues (Vasioukhin et al. 2001). DSP is likely to be expressed in the granulosa 

cells of the follicles (Fan et al. 2019). The function DSP has in the ovary has however not 

been reported. The staining of DSP in Figure 6 shows staining in the entire follicle as well as 

in the stroma. DSP has been reported to be expressed in the granulosa cells, but the staining 
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suggests it is expressed in multiple cell types (Fan et al. 2019). Since DSP is involved in cell 

adhesion, this is not surprising, and the staining could be reasonable and not just “off target”. 

The granulosa cells in the picture are however not stained, but the cytoplasm of the oocyte is, 

suggesting DSP is expressed by the oocyte and not the granulosa cells. It could be possible 

that in a later maturation stage of the follicle (secondary or tertiary stage), the DSP would also 

be expressed by the granulosa cells, but the TMA staining of DSP only contained primordial 

follicles. In Figure 6 of corpus luteum cells, DSP is also expressed. However, no literature 

could be found to support DSP expression in corpus luteum cells.  

The alox15b gene encodes for an enzyme called Arachidonate 15-lipoxygenase, type B 

(ALOX15B). The enzyme catalyzes the peroxidation of polyunsaturated fatty acids and is 

expressed in several cell types, including immune cells, epithelial cells and endothelial cells 

and seems to have a function in cell differentiation and immunity (Snodgrass & Brüne 2019). 

ALOX15B has been reported to be expressed in ovary and also prostate (Krieg et al. 2001). 

However, the function in the ovary is not known. The staining of ALOX15B showed 

cytoplasmic staining in the oocyte. Since little is known about the ALOX15B function in the 

ovary, it is hard to say if the staining is reasonable or not. ALOX15B is involved in the lipid 

processes and the oocyte stores lipids in lipid droplets in the cytoplasm, indicating that it 

should be located in the cytoplasm, rather than the nucleus of the oocyte or granulosa cells 

(Prates et al. 2014, Snodgrass & Brüne 2019).  

The spp1 gene encodes for the protein Secreted phosphoprotein 1 (SPP1). It’s a multi-

functional glycoprotein involved in bone-mineralization, inflammatory processes, 

macrophages etc. and is expressed in various tissues including ovary (Craig & Denhardt 1991, 

Brown et al. 1992, Poole et al. 2013). The function of SPP1 in ovary is still uncertain, but in 

bovine ovary, it seems to have a regulatory function in the corpus luteum (Poole et al. 2013). 

SPP1 has also been linked to polycystic ovarian syndrome (Saklamaz et al. 2016). The SPP1 

staining showed cytoplasmic staining in the oocyte. Little is known about the function of 

SPP1 in the ovary, so it is hard to determine if the staining seems reasonable or not. Previous 

reports suggest that SPP1 could have a regulatory function in the corpus luteum, so the slides 

were examined for structures that could be corpus luteum (Poole et al. 2013). In Figure 6, 

such a structure is identified, increasing the possibility of SPP1 having a function for the 

fertility in women.  

The staining of the high mobility group protein B3 (HMGB3) showed staining in the nucleus 

of the oocyte. HMGB3 is a chromatin protein which interacts with DNA. These interactions 

regulate DNA expression, affecting cell differentiation and immune activity. In healthy adults 

the expression of HMGB3 in tissue is low (Agresti & Bianchi 2003, Wen et al. 2021). 

HMGB3 has been shown to be upregulated in different types of cancer, including ovarian 

cancer (Mukherjee et al. 2019). Since HMGB3 regulates DNA, the staining in the nucleus is 

expected. In Figure 5D however, little or no staining is seen. This could either be because the 

follicle was cut, and little of the nucleus happened to be on that slice. Another explanation 
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could be that HMGB3 is active differently depending on the stage of maturation of the 

follicle. However, since not enough literature is available, it is hard to say if that is 

reasonable. The most probable explanation is that the cutting of the follicle made little, or no 

nucleus be present in the slice.  

The embryonic lethal and abnormal vision-like 2 (ELAVL2) protein is an RNA-binding 

protein that works as a translational repressor. It’s mainly expressed in the cytoplasm in the 

oocyte and has been identified as a key component in the formation of primordial follicles 

(Chalupnikova et al. 2014, Kato et al. 2019). The staining of ELAVL2 showed staining in the 

cytoplasm of the oocyte, as expected for a translational repressor. 

The insulin like 3 (INSL3) peptide is mostly associated with expression in testis but has also 

been detected in ovaries (Tashima et al. 1995). In the testis, the INSL3 is believed to play a 

role in the spermatogenesis and the transabdominal descent of the testis in the male fetus. The 

function of INSL3 in ovaries is not as well known, but evidence suggest that INSL3 is 

expressed continuously throughout the maturation of the follicle, mainly by theca cells but 

also by the granulosa cells in the earlier stages of the follicle maturation (Satchell et al. 2013). 

The INSL3 has also been detected in the corpus luteum (Tashima et al. 1995). The staining of 

INSL3 showed staining around the granulosa cells. In Figure 5F, INSL3 shows no staining 

around the granulosa cells. This could simply be because there are not enough granulosa cells. 

Since the literature suggest staining in the corpus luteum, the slides were examined for corpus 

luteum structures (Tashima et al. 1995). In Figure 6, such a structure is presented. The 

staining of INSL3 around the granulosa cells and in the corpus luteum indicates that INSL3 

has a function in the fertile ovary.  

The retrotransposon gag-like protein 9 (RTL9) is a neofunctionalized retrotransposon. It has 

been found in human testis but the function is not known (Brandt et al. 2005). Very little over 

all can be found about RTL9 and no reports mention ovaries. The RTL9 staining shows very 

weak nucleus staining. Since RTL9 is a neofunctionalized retrotransposon, the expression 

should be in the nucleus of the oocyte. The expression levels of RTL9 are not very high 

(around 1.8 pTPM), but higher than for example ZP2 (around 1 pTPM), and ZP2 is stained 

very well in comparison. The RNA expression is not a true estimation of protein expression, 

so it is possible that more of zp2 mRNA is translated into proteins than for rtl9 mRNA and 

therefore zp2 has more staining. Another possibility is that the antibody of ZP2 is just better 

than the one for RTL9. In Figure 6, the cells that are presumed to be corpus luteum cells, 

show strong staining in the nucleus, suggesting RTL9 could have a function in the corpus 

luteum. No literature was however found to confirm the presence of RTL9 in corpus luteum.   

The dimethylarginine dimethylaminohydrolase 1 (DDAH1) is involved in the regulation of 

the nitric oxide production and mostly found in neuronal cells in humans (Kimoto et al. 1998, 

Leiper et al. 1999). The role in the ovaries is not known. The staining of DDAH1 showed 

staining in and around the granulosa cells and in the cytoplasm of the oocyte. Some staining 

can be seen in the stroma too. DDAH1 is as mentioned before involved in the nitric oxide 
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synthesis (NOS), and especially the neuronal NOS. Neuronal NOS is involved in smooth 

muscle relaxation which increases the blood flow and since the ovary contains smooth 

muscles and nerve cells, the staining seems reasonable (Okamura et al. 1972, Förstermann & 

Sessa 2012). It is not clear why the DDAH1 is concentrated around the granulosa cells, but 

the growing oocyte needs an increase in blood flow, so perhaps that is why DDAH1 is 

concentrated around the oocyte. In Figure 6, DDAH1 showed staining in the presumable 

corpus luteum cells, and it has been suggested that DDAH1 is expressed in corpus luteum 

(Mondal et al. 2011). It is also suggested that DDAH1 is upregulated in granulosa cells of 

atretic follicles (Hatzirodos et al. 2014). In Figure 7, structures that most likely are cysts or 

atretic follicles can be seen, with a lot of staining in the cells surrounding the structure, 

presumably granulosa cells.   

The gene cdh2 encodes for the protein Cadherin-2 (CDH2). In hamsters, cdh2 seems to be 

involved in primordial follicle formation before birth, and then the expression moves from the 

oocyte to the granulosa cells (Wang & Roy 2010). In vitro studies of the human cdh2 suggest 

that cdh2 is involved in the proliferation of granulosa cells (Kranc et al. 2019). Another study 

suggests that cdh2 is more expressed in granulosa cells in atretic follicles versus growing 

follicles (Fan et al. 2019). The staining of CDH2 showed staining around the granulosa cells, 

just as expected. Since it was suggested in the literature that CDH2 is more expressed in 

granulosa cells of atretic follicles, the TMA was examined for these structures (Fan et al. 

2019). In Figure 8, atretic follicles or cysts are identified, and staining around the presumed 

granulosa cells can indeed be seen.  

5.4 Multiplex immunofluorescence staining 

Only some candidates were chosen to be a part of the different mIF panels. This was partly 

because in order to get a good picture, it is important that the protein expression of the 

different candidates do not overlap too much. In each panel, there was one candidate for 

expression in nucleus of the oocyte, one for cytoplasm of the oocyte, one for ZP and one for 

granulosa cells.  

In Figure 9 and 10 the staining of the proteins ZP2, SPP1, STAG3 and INSL3 can be seen. 

ZP2 and STAG3 stained as expected, in the ZP and nucleus of the oocyte respectively, and 

very well. INSL3 shows no true staining, the staining that can be seen is most likely 

autofluorescence. Formalin fixated tissue has autofluorescence properties, part from the 

formalin treatment and part from common proteins in the tissue such as collagen, elastin and 

red blood cells (Whittington & Wray 2017). INSL3 most likely failed because there was not 

enough protein to be detected by the antibody. Also, the antibody was diluted more than with 

the immunohistochemistry staining. SPP1 shows staining in the cytoplasm, as expected, but 

also in the surrounding tissue. The staining in the surrounding tissue is also most likely 

autofluorescence since the staining pattern is similar to INLS3.  
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In Figure 11 and 12, the staining of ZP4, ELAVL2, STAG3 and INSL3 can be seen. ZP4 

stained in the ZP and STAG3 stained in the nucleus of the oocyte as expected and INSL3 

once again shows no true staining, for the same reasons as mentioned above. ELAVL2 shows 

cytoplasmic staining of the oocyte, and some in the surrounding stroma. The same OPAL 

(570) was used with SPP1 in Figure 9 and 10, that also showed staining in the stroma in a 

similar fashion, supporting the autofluorescence theory. When using this OPAL, the 

surrounding tissue seems to absorb a lot of light. To confirm it is the actual reason, another 

OPAL could be used to stain the same protein. 

In Figure 13, the staining of ZP3, ALOX15B and FIGLA can be seen. ZP3 and FIGLA 

stained as expected, in the ZP and nucleus of the oocyte respectively. ALOX15B stains as 

expected in the cytoplasm of the oocyte, and once again, the OPAL570 was used. Staining in 

the stroma can be seen, but is expected to be autofluorescence, for the reason mentioned 

above. CDH2 was also part of the panel, but as with INSL3 it could not be detected around 

the granulosa cells. Again, this could be because not enough proteins were present in the 

tissue. CDH2 shows antibody staining around the granulosa cells, but in the TMA in Figure 

13, the most mature follicle was a primary follicle, with one bigger layer of granulosa cells. A 

more mature follicle with more layers of granulosa cells might have made it possible to detect 

CDH2 with the multiplex panel. The same goes for INSL3. Another possibility to why no 

CDH2 or INSL3 was detected is the problem of “masking”. To be able to get a signal from 

the OPAL fluorophore, it has to bind into tyrosine in the tissue. Before OPAL 690, the one 

used for CDH2 and INSL3, three other OPALs were used. It is possible that not enough 

tyrosine was left available when the OPAL 690 was used, and therefore, no signal was 

detected. To test this theory, a new panel should be designed, with a new order for the 

staining of the proteins, where INSL3 or CDH2 is one of the first instead of the last.  

No new information was generated by the mIF panels, except that the panels demonstrate that 

the proteins are expressed in the same tissue. Since FIGLA is supposed to regulate the 

expression of ZP proteins, they should both be present in the same tissue, which is confirmed 

in this study. In conclusion, the mIF staining is a very good way to demonstrate the 

expression of multiple proteins in the same tissue but depending on the OPAL used and the 

proteins being targeted, the results vary. In order to get an optimal panel, the order in which 

the proteins are stained, as well as which OPALs to use for each protein should be 

investigated in more detail.  
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6 Conclusions 

In The fertile ovary transcriptome and proteome project, genes with an at least 2-fold higher 

expression in women between the age of 20-39 compared to the women in the age of 60-79 

were analyzed. The final gene list consisted of 14 genes, and their corresponding proteins 

were stained with antibodies.  

The staining patterns of ZP2, ZP3, ZP4, FIGLA, STAG3, DSP, ALOX15B, SPP1, HMGB3, 

ELAVL2, RTL9 and DDAH1 suggest expression in the oocyte. INSL3, DDAH1 and CDH2 

show staining around or in the granulosa cells. SPP1, INSL3, RTL9, DSP and DDAH1 also 

show staining in corpus luteum cells. DDAH1 showed staining of granulosa cells of cysts or 

atretic follicles. CDH2 showed staining around the granulosa cells of cysts or atretic follicles.  

Overall, this project has demonstrated how data analysis can be used to find genes with a 

higher expression in women of reproductive age compared to women in post-menopausal age. 

Some of the genes (zp2, zp3, zp4 and figla) are already very known to have an important 

function in the fertile ovary. Their presence in the final gene candidate list confirms that this 

type of data analysis can find genes important to fertility. Other genes have very little 

literature related to the ovary function (alox15b, dsp, spp1, hmgb3, rtl9, insl3 and ddah1) but 

the staining of their corresponding proteins suggest importance to the ovarian function. To 

further improve this project, an increased number of samples for the data analysis, a less 

restricted antibody selection and more tissues with follicles in later stages could all provide 

more information for future fertility research.  
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Appendix 

In Figure A1, the script used to select the gene candidates is presented. In Figure A2, the 

script used to generate box plots, calculate p-value and standard deviation.  

 

Figure A1. Script for getting the first gene list. The mean values for the genes in 20-39 and 60-79 were 

calculated and then only genes with a pTPM higher than 1 in 20-39 group and a 2-fold higher expression in the 

20-39 group compared to the 60-79 group were selected.  
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Figure A2. The statistical analysis script. The script was used to generate the box plots, calculate p-value and 

standard deviation.  
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Figure A3. Boxplots of the genes alox15b, cdh2, ddah1 and dsp. Blue is representing the Reproductive age 

group and orange is representing the Post-menopause age group. The lower part of the box is the 25th quartile 

and the top part is the 75th quartile. The line in the box represents the median. Dots are considered outliers. On 

the y-axis, the pTPM value in log-scale is presented. A p-value < 0.05 is considerate significant (Wilcoxon test). 

All genes have significant p-values except alox15b. 
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Figure A4. Boxplots of the genes elavl2, figla, hmgb3 and insl3. Blue is representing the Reproductive age 

group and orange is representing the Post-menopause age group. The lower part of the box is the 25th quartile 

and the top part is the 75th quartile. The line in the box represents the median. Dots are considered outliers. On 

the y-axis, the pTPM value in log-scale is presented. A p-value < 0.05 is considerate significant (Wilcoxon test). 

All genes have significant p-values. 
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Figure A5. Boxplots of the genes rtl9, spp1 and stag3. Blue is representing the Reproductive age group and 

orange is representing the Post-menopause age group. The lower part of the box is the 25th quartile and the top 

part is the 75th quartile. The line in the box represents the median. Dots are considered outliers. On the y-axis, 

the pTPM value in log-scale is presented. A p-value < 0.05 is considerate significant (Wilcoxon test). All genes 

have significant p-values except stag3. 
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Figure A6. Boxplots of the genes zp2, zp3 and zp4. Blue is representing the Reproductive age group and orange 

is representing the Post-menopause age group (the right bar for zp2 and zp4). The lower part of the box is the 

25th quartile and the top part is the 75th quartile. The line in the box represents the median. Dots are considered 

outliers. On the y-axis, the pTPM value in log-scale is presented. A p-value < 0.05 is considerate significant 

(Wilcoxon test). All genes have significant p-values. 
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In figure A7, the final design of the Ovary TMA is presented.  

 

Figure A7. The final design of the Ovary TMA. The first number is the sample id and the number within 

parentheses is the age of the woman the sample came from. Note that the sample 1741.7 and 1741.8 is from the 

same woman. The samples between age 35-47 all had follicles in their tissue and the samples between 55-86 had 

no follicles.   
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1. Immunohistochemistry protocol 

The immunohistochemistry of the ovary TMA consists of four different parts. In Table A1, 

the instrument and materials used are listed. In Table A2 the antibodies and dilution used are 

presented.  

1.1 Deparaffinization and hydration 

The first step is to remove the paraffin, hydrate the tissue and block endogenous peroxidase. 

This step is done in the Leica Autostainer XL in containers filled with different solutions. The 

slides are put in the containers and stays there for a specific time before they are moved to the 

next container. This protocol was used, and each step is done in a new container: 

1. Xylen for 5 min. 

2. Xylen for 5 min. 

3. Xylen for 1 min.  

4. Ethanol absolute for 3 min. 

5. Ethanol absolute for 3 min. 

6. Alcohol 96 % with 0.3 % H2O2 for 5 min. 

7. Alcohol 96 % for 3 min.  

8. Alcohol 80 % for 3 min.  

9. Rinse in deionized water for 30 sec.  

 

1.2 Antigen retrieval  

This step is done in the pressure cooker Decloaking chamber® from Biocare Medical Systems 

using this protocol. 

1. Preheat 500 ml deionized water to 80 °C. 

2. Put slides in a plastic container with 250 ml citrate buffer (DAKO target retrieval 

solution, diluted 1:10) and put the container in the pressure cooker.  

3. Heat up to 125 °C. 

4. Boil for 4 min. 

5. Cool to 90 °C. 

 

1.3 Antibody staining 

The antibody staining is done in the Lab Vision™ Autostainer 480s. 

1. Rinse in wash buffer (9.5 L deionzed water + 500 ml Tris Buffered Saline & 

TweenTM20 + 15 ml TweenTM20). 

2. Add Ultra Vision Protein Block for 5 min. 

3. Rinse in wash buffer. 

4. Rinse in wash buffer. 

5. Add antibody for 30 min. 
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6. Rinse in wash buffer. 

7. Rinse in wash buffer. 

8. Add HRP Polymer for 30 min. 

9. Rinse in wash buffer. 

10. Rinse in wash buffer. 

11. Add DAB Quanto (20 ml DAB Quanto substrate + 500 μl DAB Quanto chromogen) 

for 5 min. 

12. Rinse in deionzed water. 

 

1.4 Background staining, dehydration and assembly  

This step is done in Leica Autostainer XL in containers with different solutions, just as in the 

deparaffinization and hydration step. This protocol was used, and each step is done in a new 

container.   

1. Mayers HTX plus for 7.5 min. 

2. Rinse with tap water for 5 min. 

3. Lithium carbonate for 1 min. 

4. Rinse with tap water for 5 min. 

5. Alcohol 80 % for 3 min. 

6. Alcohol 96 % for 3 min. 

7. Alcohol 96 % for 3 min. 

8. Ethanol absolute for 3 min. 

9. Ethanol absolute for 3 min. 

10. Ethanol absolute for 3 min. 

11. NeoClear for 3 min. 

12. Neoclear for 3 min. 

After this, the slides are automatically assembled with cover glass using Pertex and the Leica 

CV5030. 
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Table A1. Instrument and material used during the different staining protocols.  

Instrument/material  Supplier 

Alcohol 80 % VWR Chemicals 

Alcohol 96 % VWR Chemicals 

Antibodies Human Protein Atlas (Stockholm) 

DAKO target retrieval solution (10x-citrate 

HIER buffer, pH=6.1) 

Agilent  

DAB Quanto substrate (TA-125-QHSX) Thermo ScientificTM 

DAB Quanto Chromogen, 50x (TA-004-

QHCX) 

Thermo ScientificTM 

DAPI Thermo ScientificTM 

Decloaking chamber® Biocare Medical Systems 

Ethanol absolute VWR Chemicals 

H2O2 30 % (REF 1.07209.1000) Merckmillipore 

HRP Polymer (TL-125-PH) Thermo Scientific™ 

Lab Vision™ Autostainer 480s Thermo Scientific™ 

Leica CV5030 Leica Biosystems 

Leica Autostainer XL Leica Biosystems 

Lithium Carbonate (REF 1.05680.0250) Merckmillipore 

Mayers HTX PLUS (REF 01825) Histolab 

NeoClear (1.09843.5000) VWR Chemicals 

OPAL Polaris fluorophore Akoya Biosciences 

Pertex (REF 00871.0500) Histolab 

ProLongTM Glass Antifade Mountant Thermo ScientificTM  

UltraVision Protein Block (TA-125-PBQ) Thermo ScientificTM  

Tris Buffered Saline & TweenTM20, 20x (TA-

999-TT) 

Thermo ScientificTM 
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TweenTM20 (TA-125-TW) Thermo ScientificTM  

Xylen (REF 02070) Histolab 

 

Table A2. Antibodies used for the staining of the Ovary TMA. The dilution used for the antibody was based 

on previous staining with the same antibody. 

Target protein Antibody Dilution 

ZP4 HPA008547 1:2500 

ZP3 HPA054061 1:2000 

ZP2 HPA011296 1:450 

FIGLA HPA071241 1:1500 

STAG3 HPA049106 1:4000 

DSP HPA045840 1:200 

CDH2 HPA058574 1:20 

ALOX15B HPA010562 1:800 

SPP1 HPA027541 1:475 

HMGB3 HPA062583 1:2500 

ELAVL2 HPA063001 1:600 

INSL3 HPA028615 1:1000 

RTL9 HPA001242 1:1000 

DDAH1 HPA071064 1:900 
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2. Multiplex immunofluorescence staining protocol 

The instrument and material used are listed in table A1 in appendix. In table A3-A5, the 

panels used in the mIF staining are presented. In Table A6 and A7, the settings for the scanner 

Vectra PolarisTM from Akoya Biosciences and the program Akoya Science inform 2.4.  

The first steps in the Multiplex immunofluorescence staining are the same as for the antibody 

staining, see 1.1 Deparaffinization and hydration and 1.2 Antigen retrieval. After that, the 

following protocol is used with the Lab Vision™ Autostainer 480s: 

1. Rinse in wash buffer (9.5 L deionzed water + 500 ml Tris Buffered Saline & 

TweenTM20 + 15 ml TweenTM20). 

2. Add Ultra Vision Protein Block for 5 min. 

3. Rinse in wash buffer. 

4. Rinse in wash buffer. 

5. Add antibody for 30 min. 

6. Rinse in wash buffer. 

7. Rinse in wash buffer. 

8. Add HRP Polymer for 30 min. 

9. Rinse in wash buffer. 

10. Rinse in wash buffer. 

11.  Add OPAL Polaris fluorophore for 10 min. 

12. Rinse in wash buffer. 

13. Rinse in wash buffer. 

After this, the slides are removed from the Lab Vision™ Autostainer 480s and put in a plastic 

container with citrate buffer (DAKO target retrieval solution, diluted 1:10). The container is 

put in the pressure cooker Decloaking chamber® and heated at 90 °C for 20 min. The slides 

are then rinsed in deionized water and kept in wash buffer (and protected from light) until the 

next staining cycle with the next OPAL Polaris fluorophore can begin, and the protocol for 

the Lab Vision™ Autostainer 480s and the pressure cooker is repeated. When all the staining 

is done, the slides are put in deionized water until the following DAPI protocol is used: 

1. Put DAPI solution (DAPI diluted 1:1000 in TBS) on the slides where there is tissue 

for 5 min 

2. Put slides in container with TBS for 10 min 

3. Put slides in new container with TBS for 10 min 

4. Put slides in container with TBS 1:10 for 15 min 

5. Shake off the access fluid from slide, then put a drop of ProLongTM Glass Antifade 

Mountant above the tissue cores and glue the cover glass onto the slide. Make sure 

that there are no air bubbles.  
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Table A3. Panel 1 and the candidates ZP4, ELAVL2, STAG3, INSL3.  

Target protein Location Antibody Dilution OPAL 

ZP4 Zona Pellucida HPA008547 1:3500 480 

ELAVL2 Cytoplasm 

(oocyte) 

HPA63001 1:600 570 

STAG3 Nucleus (oocyte) HPA049106 1:3500 620 

INSL3 Granulosa Cells HPA028615 1:1000 690 

 

Table A4. Panel 2 and the candidates ZP4, ELAVL2, STAG3, INSL3.  

Target protein Location Antibody Dilution OPAL 

ZP2 Zona Pellucida HPA011296 1:450 480 

SPP1 Cytoplasm 

(oocyte) 

HPA027541 1:475 570 

STAG3 Nucleus (oocyte) HPA049106 1:3500 620 

INSL3 Granulosa Cells HPA028615 1:1000 690 

 

Table A5. Panel 3 and the candidates ZP4, ELAVL2, STAG3, INSL3.  

Target protein Location Antibody Dilution OPAL 

ZP3 Zona Pellucida HPA054061 1:2000 480 

ALOX15B Cytoplasm 

(oocyte) 

HPA010562 1:2000 570 

FIGLA Nucleus (oocyte) HPA071241 1:1500 620 

CDH2 Granulosa Cells HPA058574 1:200 690 
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Table A6. The scanning settings for Multispectral Slide Scan when using Akoya inform 2.4. The pixel 

resolution was 0.5 µm (20x). The overview scan filter was set to DAPI.    

Panel DAP1 (ms) OPAL 570 

(ms) 

OPAL 690 

(ms) 

OPAL 480 

(ms) 

OPAL 620 

(ms) 

Sample 

AF 

(ms) 

Panel 1 2.00 13.00 58.58 15.00 120.00 300.00 

Panel 2 3.00 57.01 38.92 10.16 461.75 512.33 

Panel 3 2.00 80.00 550.00 3.00 35.00 600.00 

 

Table A7. The scanning settings for Multispectral Field when using Akoya inform 2.4. The pixel resolution 

was 0.5 µm (20x). The overview scan filter was set to DAPI.    

Panel DAP1 

MSI (ms) 

OPAL 

780 MSI 

(ms) 

OPAL 480 

MSI (ms) 

Cy5 MSI 

(ms) 

FITC 

(ms) 

Cy3 

(ms) 

Texas 

Red 

(ms) 

Panel 1 14.00 2000.00 165.00 100.00 290.00 115.00 450.00 

Panel 2 47.98 2000.00 79.95 109.76 290.00 172.12 887.75 

Panel 3 35.00 - 50.00 2000.00 90.00 250.00 600.00 

 

 

 

 


