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Abstract

Introduction - Erectile dysfunction (ED), defined as the inability to attain or maintain a penile
erection for sexual intercourse, can be caused by a severe medical condition (e.g. diabetes or
prostate cancer treatment). Currently, 40% of ED patients do not respond to non-invasive treatment
(i.e. Viagra). They are assigned to more invasive options, such as inflatable penile prosthesis (IPP)
surgery. Therefore, the search for new potential therapeutic targets to help these refractory ED
patients is highly required. However, before this search can start, good quality of corpus cavernosum
(CC) RNA must be provided. Therefore, we aim to optimise RNA extraction from biobank-stored CC,
which have never been done before according to our knowledge.

Hypothesis - The biobank-stored CC samples are still of sufficient quality and quantity for
downstream applications and further analysis of the pathophysiological pathways involved in ED.

Materials & methods - The CC tissue samples were obtained from patients who had IPP surgery.
Refractory ED patients were patients with diabetes, vascular dysfunctions, hypogonadism, Peyronie’s
disease or radical prostatectomy. The tissue was collected in RNA/ater solution or snap frozen. For
CC homogenisation, the GentleMACS and pestle were compared. Different RNA extraction protocols,
i.e. QIAzol method and RNeasy mini kit, were optimised. RNA quality, quantity and integrity were
studied with the NanoDrop and Bioanalyzer. RNA was transcribed into cDNA using the SuperScript™
IV First-Strand Synthesis System. Additionally, a duplex quantitative polymerase chain reaction
(gPCR) was performed with hydroxymethylbilane synthase (HMBS) and haemoglobin subunit beta
(HBB) to determine the quantity and quality of the cDNA samples. Lastly, six samples were sent to
GenomicsCore, Leuven to perform a Quantseq analysis. Statistical significance (p<0.05) was

evaluated with Mann-Whitney U or independent samples T-Test.

Results - Different RNA extraction methods showed that the CC tissue was optimal homogenised
using the GentleMACS. In contrast to the manual pestle, this device is a mechanical method, with
enough force to disrupt the tissue. RNA/ater CC tissue samples with GentleMACS homogenisation
and RNeasy mini kit extraction provided the highest quantitative and qualitative RNA. Two different
collection methods were tested during optimisation, RNA/ater and snap frozen. When comparing
RNAlater and snap frozen samples, no significant differences in concentration, OD values and RNA
integrity number (RIN) were shown. Despite no significant differences, RNA/ater samples gave higher
RIN values compared to snap frozen tissue. Furthermore, there was no significant correlation
between time until processing and RNA concentration or OD values. RNA quality and quality were
sufficient to perform a duplex gPCR for the HMBS gene and HBB gene. RNA quality was even sufficient
to perform RNAseq. Moreover, three genes, ANGPTL4, RPL9 and KANSL1-AS1 were found to be
significantly differently expressed between the vascular and diabetic group.

Discussion & conclusion — RNA isolated from biobank-stored CC samples is still of sufficient quality
and quantity to be used for downstream applications, such as gqPCR and RNAseq. Homogenization of
RNAlater stored CC tissue using the GentleMACS followed by RNA extraction using the RNeasy mini
kit has the best result. RNA obtained via this method can be used in Quantseq analysis for differential
gene expression. Furthermore, cDNA can be produced from this RNA to perform gqPCR. The low QC

values of the performed qPCR again proved the high quality of the isolated RNA.

VIl






1. Introduction
1.1 Erectile dysfunction

Erectile dysfunction (ED) is defined as the inability to attain or maintain a penile erection sufficient
for sexual intercourse (1). Men can develop ED for many reasons, for example due to relationship
problems or lifestyle habits (i.e. smoking, no exercise) (2). However, there are also patients who
suffer from a severe medical condition (i.e. diabetes, prostate cancer treatment) leading to ED. This
dysfunction has a significant effect on patients’ sex life and psychological well-being (3). The patients’
self-esteem will decrease and the quality of his (sexual) relationship will worsen (4). This dysfunction
mostly affects men over the age of 40 (1). The prevalence of ED increases from 14% in 41-year-old-
men to 41% in 80-year-old-men (5, 6). Since the population is growing older, ED is becoming a
major health problem (1, 7). The corpus cavernosa (CC), expandable erectile tissues of the penis,

are key players in the development of ED.

1.2 Anatomy of the penis

The penis consists of two CC and one ventral  persal veins  Dorsal artery and nerve
Integument

corpus spongiosum, which contains the urethra
(Figure 1). The CCs consists of endothelial-lined Fibrous envelope
vascular spaces called sinusoids. These sinusoids T _ ’

orpora cavernosa penis

are composed of a mesh of trabeculae, consisting . -

Septum pectiniforme
of smooth muscle, collagen, and a complex array
of arterioles and nerves (8). CC are surrounded Urethra
by a strong fibrous envelope, the tunica
Corpus cavernosum wrethre

albuginea. CC itself are highly trabeculated with
Figure 1: Anatomy of the penis

fibroelastic and muscle fibres. During penile The penis consists of two corpora cavernosa (CC), which are
surrounded by a strong fibrous envelope, called the tunica

erection, the trabecular smooth muscle relaxation albuginea. The penis has enveloping layers of fascia, nerves,
. . . ] ~ lymphatics, blood vessels and skin

increases the compliance of the sinusoids. This

causes them to expand to accommodate the increased blood flow (8). Furthermore, the penis has

enveloping layers of fascia, nerves, lymphatics, blood vessels and skin (8).

Stability of the penis is ensured by the penile ligaments (fundiform ligament and suspensory

ligaments). The penis is attached to the pubic symphysis and the linea alba of the rectus sheath (8).

Three penile arteries are formed out of the internal pudendal artery: bulbourethral artery (which
supplies the corpus spongiosum and the urethra), the deep bilateral penile (cavernosal) artery (which
consists of helicine arteries that are important for the erectile process), and the dorsal penile artery
(which supplies the glans, prepuce, fascia and skin). The venous system consists of a superficial,
intermediate and deep drainage system (8).

Autonomic control is provided out of the pudental nerve and the pelvic plexus. The autonomic nerve
fibres innervate the helicine arteries. The cavernous trabeculae contain the adrenergic nerve fibres

and receptors. They surround the deep penile arteries. Two important neurotransmitters are involved



in the controlling of penile erection, with noradrenaline as the main neurotransmitter controlling

penile flaccidity and tumescence, and nitric oxide (NO) for the penile erection (8).

The CC play a key role in erection and thus ED. Because there are no alterations in the anatomy of

the CC of ED patients, the underlying physiology must play an important role in ED.

1.3 Physiology of penile erection

The most important pathway  gugetstial Ce,i; f [ TJJ.,..,..,

involved in penile erection is g [ f evos / J‘.

the NO-soluble guanylyl — o I Cavernous Nerve
cyclase (sGC)-cyclic - - “No

guanosine monophosphate
(cGMP) pathway (Figure 2)
(1, 9). This pathway is based

on the known key role Of NO ContractedsrrLl?oth muscle(cells\

i <& e
H "‘\ »/\ 'k
as a neurotransmitter for ~” Yﬁuawwvdm\/ GM/
//\ \ -

smooth muscle cell -~ <= ~c i
= ol : PDES\
relaxation in CC. Sexual \;\/ \// SCsAme
arousal leads to an Figure 2: Nitric oxide (NO)-soluble guanylyl cyclase (sGC)-cyclic guanosine

i monophosphate (cGMP) pathway in the corpus cavernosum (CC).
increased blood flow to the The different parts of the NO sGC cGMP pathway involved in first line therapy are
. i highlighted in this figure. Endothelial cells and cavernous nerves release NO, which is the
CC of the penis. By this main neurotransmitter of the NO-sGC-cGMP-pathway. A sufficient concentration of cGMP
. is required for penile erection. Smooth muscle cells will relax which is necessary for penile
increased blood flow, the grection. Phosphodiesterase 5 (PDE5) is an enzyme which degrades intracellular cGMP.
. . .. . This is not desirable, because cGMP concentration will lower, and penile erection will not
amino acid L-Arginine is occur. Based on Shamloul et al. (1)

activated. L-Arginine and

molecular oxygen generate NO via a reaction catalysed by endothelial NO synthase (eNOS) (9). NO
is released from endothelial cells. Additionally, NO is also released from the cavernous nerves, when
they are depolarised (9). This NO release increases intracellular Calcium (Ca2*) concentrations, which
binds to cytosolic protein calmodulim (Cam) and activates NOS in cavernous nerves (nNOS) (9).
Additionally, NO diffuses to the smooth muscle cells of the CC, where it will enter the smooth muscle

cells.

NO activates sGC in the cavernous smooth muscle cells to generate cGMP from intracellular
guanosine triphosphate (GTP) (1, 9, 10). This production of cGMP activates a cGMP-dependent
protein kinase, causing membrane hyperpolarisation through potassium (K*) channels in the smooth
muscle cell membrane and the increase in uptake of Ca2* into the endoplasmic reticulum (10).
Smooth muscle cell relaxation occurs through this hyperpolarisation and the blockade of membrane

Ca?* channels, which decreases intracellular Ca2* (10).



Beside the NO-pathway, other pathways can induce a penile erection. A second pathway known for
its ability to cause relaxation in CC, is the hydrogen sulphide (H.S)-pathway. Via this pathway, H>S
can relax the smooth muscle cells of CC (11). HyS is a neurotransmitter that is endogenously
produced from L-cysteine (L-cys) by the activity of two enzymes: cystathionine B-synthase (CBS)
and cystathionin y-lyase (CSE) (11). The exact mechanism of H,S on the CC is not yet known.
However, it is proposed that H,S has an effect on the K* channels. The effects of H,S, acting like a
regulatory mediator, are similar to the relaxation effects of NO. Previous organ bath studies showed
that HxS has a relaxant effect independent of the endothelium, which is favourable for patients with

ED, since the endothelium is often compromised in ED patients (11, 12).

Another important pathway for penile erection is the RhoA/Rho-kinase pathway. RhoA activates Rho-
kinase. This activated Rho-kinase phosphorylates the regulatory subunit of smooth muscle myosin
phosphatase and prevents dephosphorylation of myofilaments (13, 14). This mechanism will lead to
a contractile tone of CC tissue (13, 15, 16). However, penile erection requires relaxation of CC tissue.
Therefore, an abnormal enhanced RhoA/Rho-kinase pathway activity is linked to ED (9). Selective
inhibition of Rho-kinase, for example through cGMP kinases, evokes relaxation of the CC (9, 13, 15).

This makes Rho-kinases a possible therapeutically target for patients with ED (17).

Reactive oxygens species (ROS) are also responsible for a reduced NO availability and an increased

apoptosis of both endothelial and neuronal cells (16, 18).

1.4 Pathophysiology
The inability to attain or maintain a penile erection consists of a combination of psychogenic,
neurogenic, endocrinological and vasculogenic systems. These systems contribute to the changes in

physiological pathways mentioned earlier. They often have an effect on the NO-pathway.

Psychogenic factors have a large contribution to ED. One important example is performance anxiety
(1). Stress and depressive behaviour can also influence ED in a negative way, because noradrenaline
is known as an anti-erectile neurotransmitter (19). Examples of neurogenic causes of ED are multiple
sclerosis, spinal cord injury, Parkinson disease and radical prostatectomy. Sacral lesions induce
structural and functional alterations due to the decreased innervation (19). Because nerves are
damaged, the NO concentration will be reduced and relaxation of smooth muscle cells will not occur,
compromising penile erection. Lowering NO concentrations have an influence on the NO-pathway,
reducing penile erection. An important cause of endocrinological ED is hypogonadism. These patients
have a lower concentration of testosterone (19), which is important in the formation of NOS and
PDES in the penis, having again an impairment of the NO-pathway (1). Besides lower testosterone
concentrations, there is also an altered expression of connexin 43, which can also be a cause of ED
in these patients (20). Changes in vasculogenic systems can affect ED too. Endothelial dysfunction
contributes to the pathophysiology of ED by a decreased release of NO. Vasculogenic causes of ED
are atherosclerosis, hypertension, hyperlipidaemia, cigarette smoking, diabetes mellitus, and pelvic
irradiation, which all have an effect on the NO-pathway (1, 21). Moreover, ED can be a strong

predictor for cardiovascular disease, in particular coronary artery disease (1).



However, beside the previous mentioned causes, ED can also be drug-induced. Psychotropic drugs,
such as antidepressants are the most common drugs that can lead to ED. Furthermore,
antihypertensive drugs, such as thiazides and B-blockers, can also induce ED. These drugs increase
the intracellular Ca2* concentrations, which will lead to contraction instead of relaxation. However, it
is not certain whether ED is caused by the medication itself or the underlying disease (i.e.
hypertension) (19). Moreover, narcotic and alcohol abuse can contribute to the development of ED
(1, 21).

Lastly, ageing, lifestyle factors and systemic diseases can induce ED. (1). Two large-scale studies
confirmed the link between increased age and increased prevalence and severity of ED (22, 23).
After age, diabetes mellitus type 2 is the second most common risk factor for ED. Diabetes mellitus
type 2 occurs three times more in diabetic males compared to non-diabetic males and develops in
50-75% of diabetic males (1, 24, 25). Evidence showed that sedentary lifestyle, smoking, alcohol or
drug abuse, sleep disorders, obesity, and metabolic syndromes all can contribute to ED (1, 26-28).

Finally, chronic kidney, liver, and pulmonary diseases have been associated with ED (1, 29-31).

The effect of these pathophysiological causes is often explained via the NO-pathway. However, the
exact role of other genes and pathways is not fully understood. For this reason, transcriptomics could
reveal new links between these pathophysiological causes and pathways that are known to contribute
to penile erection. Transcriptomics focusses on the transcriptome of the human tissue, more precisely
the total ribonucleic acid (RNA) in the CC of ED patients. By investigating this transcriptome,
differential gene expression can be measured. Dysregulated genes can also be coupled to specific

pathways.

Little research was done in transcriptomic analysis of erectile dysfunction. Searching through PubMed
showed less than 30 research articles concerning genetic analysis in ED. Much research was done in
animal models, so there is a need of performing these analyses on human samples. To our
knowledge, next generation sequencing (NGS) was never used for transcriptomic analysis, but it will

provide new insights on the pathophysiology of ED (32).

1.5 Diagnosis
Diagnosis of ED patients start with a detailed medical and sexual history of the patient (Appendix
Figure 1). When available, the partner’'s medical and sexual history is also taken in account. This
history exchange can reveal common disorders that contribute to ED (33). This conversation must
include information about sexual orientation, previous and current sexual relationships, current
emotional status, onset and duration of the erectile problem, and previous consultations and
treatments (21). Furthermore, the rigidity and duration of both sexually-stimulated and morning
erections should be described in detail. Problems with sexual desire, arousal, ejaculation, and orgasm
are also of great importance (34, 35). Validated questionnaires such as the International Index for
Erectile Function (IIEF) and the sexual encounter profile (SEP) question-2 (SEP-2) and question-3
(SEP-3) (36, 37) can be used to assess the different aspects of sexual history (i.e. sexual desire,

erectile function, orgasmic function, intercourse, and overall satisfaction) and sexual domains (21).



Because depression can also be a cause of ED, it is important to inform on the psychological well-
being of the patient with the use of validated questionnaires.

Besides questionnaires and conversations about the history of the patient, a physical examination is
required. This examination focus on the genitourinary, endocrine, vascular and neurological systems
(38, 39). This can possibly reveal undiagnosed diseases that cause ED, such as Peyronie’s disease,
pre-malignant or malignant genital lesions or signs and symptoms suggesting hypogonadism (small
testes, alterations in secondary sexual characteristics etc.) (21). Furthermore, it is recommended to
check blood pressure, heartrate and body mass index (BMI) of the patient (21).

Depending on the complaints and risk factors of the patient, laboratory testing will be performed. If
not recently determined, a fasting blood glucose or haemoglobin type A1C (HbA1C) and lipid profile
must be assessed. Furthermore, hormonal tests including an early morning total testosterone are
checked (21).

Since some ED patients cannot be diagnosed with a sexual and medical history, there are also
specialised diagnostic tests for ED. An example of such specialised diagnostic test is the pharmaco
penile duplex ultrasonography (21). After intracavernosal injection with erection stimulating agents
(i.e. Papaverine, phentolamine and prostaglandin PGE1) or oral vasoactive agents, the cavernosal
arteries will be evaluated using the doppler technique. This is useful in the evaluation of vasculogenic
causes (40, 41).

1.6 Treatment
There are considerable therapies for ED patients. Even though the dysfunction can be treated
successfully, it is impossible to cure. Moreover, there are also refractory ED patients. Generally, there

are three types of treatment: first-, second- and third-line therapy.

First-line treatment is a non-invasive way to help ED patients. Phosphodiesterase type 5 inhibitors
(PDE5-I's) are the leading first-line treatment. However, therapy and lifestyle modifications are also

essential in ED treatment.

Psychosexual and couple therapy

Since ED has a major effect on the patients’ psychological well-being and (sexual) relationship,
counselling therapy is essential (3). Furthermore, counseling is also an important treatment when
ED is caused in a psychogenic way, for example by stress (1). Counselling therapy promotes the
recovery of sexual intimacy and satisfaction. Couples move towards acceptance and grief about
sexual losses. They can also learn to commit to new ways of sexual experience, such as oral sex,

masturbation, and partnered genital touch (42).

Lifestyle modifications

Smoking, alcohol consumption, obesity, and limited physical activity are lifestyle factors that often
contribute to ED. Research shows that targeting these factors have a favourable effect on ED,

especially in younger patients (1, 43). Data determined that 30 minutes of moderate-intensity



activity each day, weight loss in obese men, and switching to a healthier, Mediterranean diet
improves ED outcomes (44-46). Other studies have also presented that smoking has a direct
relationship with ED. Men have increased ED with greater numbers of cigarettes smoked or more
years of smoking (17, 19, 47). Chronic alcohol abuse can affect the liver, which will lead to low levels
of testosterone, contributing to ED (48, 49). The European Association of Urology (EAU) states that

lifestyle changes and risk factor modification must be added to any ED treatment (19, 21).

Phosphodiesterase type 5 inhibitors

PDES5-I's are based on the known key role of NO. These inhibitors are the first line therapy for patients
with ED. PDES is a key enzyme which degrades intracellular cGMP, impairing the penile erection.
Therefore, PDE5-I will interfere with this degradation and cGMP will accumulate intracellularly,
leading to a penile erection (1). However, PDE5-I depends on NO and therefore, still requires sexual

stimulation(19).

Sildenafil citrate, also known as Viagra® (Pfizer, New York, USA,) is a selective PDE5-I (1, 9, 19).
Other examples of PDE5-I are Tadalafil, Vardenafil and Avanafil. There is no double- or triple-blinded
multicentre studies to compare which of these PDE5-I's are best to use. Choice depends on patient

experience and the frequency of sexual intercourse (21).

Important disadvantages of PDE5-I's are the high cost and incomplete understanding of the
mechanisms of action (1). As a result of this incomplete understanding, PDE5-I's should be used with

care in some patients who are treated for high blood pressure (1).

Although PDES5-I therapy is a good therapy for 60% of the ED patients, still up to 40% of patients
are poor to non-responders. These poor to non-responders often have impaired NO bioavailability,

which is caused by other diseases.

Testosterone-deficiency has a negative impact on the working of PDE5-I. Testosterone-replacement
therapy (TRT) helps to improve the working of PDE5-I in hypogonadism men (39). Because of the
multifactorial pathophysiology of ED, also TRT will not be a suitable therapy for all ED patients. The
combination of testosterone with PDE5-I can be a good therapy and may improve outcome (50). In

conclusion, TRT is most suitable for hypogonadal men (51).

When first-line therapy does not work, second-line therapy is initiated. Intracavernosal injection and

vacuum constrictive devices are the two main second-treatments used in ED.

Intracavernosal injection and transurethral therapy

Intracavernosal injection and transurethral therapy are both examples of second-line therapy. With
a small needle, vasoactive substances are directly injected into the corpora cavernosa. Examples of
vasoactive substances are prostaglandin E;, papaverine and phentolamine. This method of treatment
has the advantages to be predictable in what will happen when injecting, and to act rapidly. Both

men or their partner can be trained to inject the penis. This method is independent of sexual arousal.



Possible side-effects are penile pain, penile fibrosis, bleeding, urethral pain or burning, hypotension,

syncope, and priapism (1).

Vacuum constrictive devices

Another example of second-line therapy are the vacuum constrictive devices. They function by
applying continuous negative pressure to the shaft of the penis. This negative pressure ensures that
blood is drawn to the CC, by which the penile erection will occur. Erection is preserved by applying
an elastic band at the base of the penis (1, 52). Despite the inexpensiveness and low drawback, this
method is very mechanical with a cold penis sensation. This makes patients and partners very
unsatisfied. A vacuum device is preferred for patients who do not want to use injections or inflatable
penile prosthesis implantation (IPP). Side-effects of this therapeutic device are petechiae, penile

numbness, and delayed ejaculation (1, 21).

Patients who do not respond to the first- and second-line treatments of ED, are called refractory ED
patients. Refractory ED patients are often assigned to more invasive options of third-line therapy,
such as IPP. Five important subgroups of refractory ED are: radical prostatectomy, diabetes,

hypogonadal disease, vascular dysfunctions, and Peyronie's disease.

Inflatable penile prosthesis implantation

If first-line therapy did not work and second-line treatment is not effective or not preferred by the
patients, third-line therapy is available (53). The third-line therapy IPP for refractory ED patients is
an invasive procedure. The implantation consists of two penile cylinders with a scrotal pump. This
scrotal pump is necessary for inflation, to bring fluid from the retropubic reservoir into the cylinders,
which will create a penile erection (1). This surgical technique has a high satisfaction rate in both the
patients (92-100%) and their partners (91-95%) (21). The major advantage of IPP is that it results
in a firm penis and a simple manual use. The main complication of IPP is infection, which occurs in
less than 1-3% of the patients (21, 54).

To conclude, good therapies for ED are available. However, still 40% of ED patients do not respond
to first-line therapy and are assigned to much more invasive options, such as IPP. For patients who
do not respond to non-invasive methods, new therapeutic targets must bring opportunities for

treatment.

1.7 Research for new therapeutic targets
Most studies investigating the transcriptomic alterations in ED were mainly focused on the known
candidate genes (i.e. eNOS) which are involved in the NO-sGC-cGMP pathway, known to contribute
to ED (32, 55). But, up until now, research did not address the entire transcriptome (32). Therefore,
transcriptome analysis by NGS in CC tissue of ED patients compared to non-ED controls is highly
required in order to identify the genetic alterations within ED. Dysregulated genes involved in
biological pathways will be evaluated, aiming to identify new potential non-invasive therapeutic
targets for refractory ED patients. This is important, because current non-invasive treatment is not

effective for 40% of ED patients. An important part of these refractory patients, designed to the



invasive IPP treatment, are the five subgroups mentioned before (i.e. radical prostatectomy,
diabetes, hypogonadal disease, vascular dysfunctions, and Peyronie's disease). Research should

therefore focus on these five specific causes of ED.

The neurotransmitter H,S is known for its relaxation capacity independent of endothelial cells, which
is favourable for patients with ED. This makes H;S pathway interesting for new therapeutic targets
(12). As mentioned before, ROS could also play a role in penile erection. For this reason, enhancing
antioxidants or limiting the activity of ROS-generating enzymes could be a possible therapeutically
path to use in ED patients (16, 18)

Finding these new candidate therapeutic targets could give us new opportunities to help these
refractory patients in a non-invasive way. For some of these refractory patients (i.e. diabetes), it is
important that new targets work in a NO-independent way, such as for example the stimulation of
sGC via direct stimulation resulting in NO-independent cGMP accumulation and smooth muscle cell
relaxation (55). Nevertheless, by focussing on specific targets narrows the view for new specific
targets are missed. This is why it is important to investigate the entire transcriptome with NGS.

1.8 Research setup
Refractory ED patients can typically be divided in five subgroups. However, little is known about
these non-responders. It is still not understood why they do not respond to the present medical aid.
To overcome this high medical need for these refractory ED patients, research must focus on
searching for new potential therapeutic targets. Before transcriptomic analysis can show alterations
in gene expression, RNA extraction of CC must be optimised and proven to be of high quality for
reliable RNA sequencing (RNAseq) and real time quantitative polymerase chain reaction (qPCR)
experiments. However, little is known about RNA extraction from CC. We hypothesized that high
quality RNA can still be isolated from biobank-stored CC samples and be used for downstream
applications and further analysis of the pathophysiological pathways involved in ED. For this

hypothesis, there were three main objectives:
1. to optimise RNA extraction from CC of refractory ED patients;
2. to optimise cDNA synthesis from this CC RNA for real time gPCR;
3. to optimise library preparation from this CC RNA for RNAseq.

The first objective aimed to optimise the RNA extraction from biobank-stored CC samples from
refractory ED patients, because little is known about extraction of RNA from this type of tissue. Within
the second objective, we aimed to produce cDNA samples with good quality to perform a quality
check gPCR. To conclude, in our third objective, we aimed to deliver RNA samples with sufficient

quantity and quality that could be used for a successful library preparation for RNAseq.



2 Materials and methods

2.1 Experimental design
The University Biobank Limburg (UBiLim) has an ongoing collection of CC tissues, starting in 2010.
Two hundred and eighty-eight CC samples have been collected by Prof. Dr. Van Renterghem to date
(06/06/2019), which are stored in RNA/ater or are fresh frozen. This study was approved by the
Ethical Committee of the Jessa Hospital and Hasselt University (Hasselt, Belgium) (10.57/ur010.04).
After written informed consent, CC tissue from ED patients was obtained after IPP implantation at
the Jessa Hospital (Hasselt, Belgium). CC Samples were transported on ice from the Salvator campus
to the Virga Jesse campus of the Jessa Hospital. The time needed between collection and processing

of the CC samples was called the time until processing.

This used collection consisted of CC tissue from refractory ED patients, who did not respond to PDE5-
I. If desired, these patients were offered different types of therapy, such as intracavernosal
injections. Patients who had androgen blockade therapy were excluded for this study. Five subgroups
of refractory ED were investigated: radical prostatectomy, diabetes, hypogonadal disease, vascular
dysfunctions, and Peyronie's disease.

After the CC tissue was collected from ED patients or healthy control patients, it was immediately
placed in a tube with RNA/ater. The sample was stored in RNA/ater overnight at 4°C. After this, the
sample was dried and put into liquid nitrogen for long-term storage. Snap frozen tissue was collected
on a cloth with natrium chloride (NaCl). Immediately after collecting, the sample was put on ice and
transported to the biobank where they emerged the sample in liquid nitrogen. Healthy control tissue
was obtained from organ donation patients at the Jessa Hospital, more precisely from heart beating,
brain-dead donors who started the process for organ donation. After written informed consent was
received from a legal guardian, the CC tissue was removed from the penis of the deceased person.
Because of the small number of male organ donors each year (approximately six), a collaboration
with the research group of prof. Javier Romero-Otero in Madrid (University hospital Ramén y Cajal,
Spain) was established to receive CC tissue samples from 20 healthy persons undergoing organ
donation. Ethical approval was obtained by the Spanish research institute and the ethical committee

of Jessa Hospital. Samples were stored in liquid nitrogen.

2.2 Sample size
Sample size calculation for RNA-sequencing was based on Ching et al. (56). The sample size was
estimated at six per group with a statistical power greater than 80%. Five refractory ED groups
(vascular dysfunction, diabetes, radical prostatectomy, Peyronie’s disease and hypogonadism) will
be compared to one healthy control group. For RNA-sequencing, we aim at analysing 6 samples per
group (6 groups) based on the article of Ching et al. However, for the performed pilot, only 3 samples
of 2 groups (vascular dysfunction and diabetes) were analysed.



2.3 RNA extraction

Different RNA extraction techniques were used and compared. An overview of the different tissue
collection methods, homogenisation methods, lysis buffers and RNA extraction methods were shown
in Table 1.

Table 1: Overview of the tested RNA extraction methods. This table gives an overview of all methods of

RNA extraction that were tested. Different tissue collection methods, homogenisation methods and lysis buffers
were compared to optimise quantity and quality of RNA.

Tissue collection | Tissue homogenisation | Tissue lysis buffer RNA extraction method
method
RNAlater GentleMACS dissociator RLT RNeasy mini kit

Snap frozen

RNA/ater Pestle RLT RNeasy mini kit

RNA/ater Pestle QIAzol RNeasy mini kit

Snap frozen

RNA/ater Glass beads RLT QIAcube with RNeasy mini kit

RNA/ater Pestle QIAzol QIAzol method - precipitation
Snap frozen

RNA/ater GentleMACS dissociator RLT RNeasy mini kit with

proteinase K

Two collection methods were tested, RNA/ater and snap frozen. Between 10 and 26mg of CC tissue
was used for the RNeasy mini kit. In addition, also two different homogenisation methods were
tested, the mechanical GentleMACS (Miltenyi Biotec GmbH, Bergisch Glabach, Germany, n = 7 with
4 samples RNA/ater and 3 samples snap frozen) vs. the manual pestle (n=2, RNA/ater). When using
the GentleMACS, CC tissue was placed in a M-tube with RLT buffer (Qiagen). For this mechanic
homogenisation, the automatic RNA 02_01 modus with a rotation speed up to 4000 rounds per
minute (rpm) during 85 seconds was used on the GentleMACS. Two lysis buffers were tested. In one
test, the usual RLT buffer was used, while in a second these RLT buffer was replaced by the QIAzol

buffer. The manufacture’s protocol was followed in both cases, with only a change in lysis buffer.

RNA was manually extracted from the CC tissue using the RNeasy mini kit (Qiagen, Hilden,

Germany), according to the manufacturer’s protocol. RNA was eluted in 30ul volume.
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Five CC samples collected with RNA/ater were tested in this method in combination with the
GentleMACS dissociator. The used automatic protocol for the GentleMACS was described before.
Around 20mg of tissue was used to test this method. The RNeasy mini kit protocol was used with an
additional proteinase K (Qiagen) step after homogenizing the tissue to mimic the working of the
RNeasy fibrous tissue mini kit (Qiagen). Next, the manufacture’s protocol of RNeasy mini kit was

followed as usual. Thirty pl of RNA was eluted.

This method only used RNA/ater tissue as collection method. Three samples were analysed. The input
on the QIAcube robot was around 20mg of CC tissue. Glass beads (Sigma-Aldrich, Darmstadt,
Germany) were used to homogenize CC tissue according to a standard protocol used at KULeuven.

Glass beads were used in an automized mechanical way.

The QIAcube (Qiagen) is an automatic extraction robot, using the programmed protocol for RNeasy
mini kit. After this extraction, 30ul of RNA was eluted.

Four CC samples collected in RNA/ater and five CC samples collected snap frozen were tested.
Different weights of CC tissue were tested, ranging from five to 89 mg. Homogenisation of the tissue

was done in a manual way, using a pestle.

The QIAzol method, based on precipitation of RNA, was tested. QIAzol was added to the CC tissue
and homogenised with the pestle. The sample was centrifuged at 12,000g for 10 minutes at 2-8°C.
The cleared homogenate was transferred into a new 1.5ml Eppendorf tube and the samples were
incubated five minutes at room temperature (RT). Chloroform was added and the samples were
shaken vigorously by hand and incubated at RT for three minutes. The samples were centrifuged at
12,0009 for 15 minutes at 2-8°C. The upper, aqueous phase was carefully transferred to a new 1.5ml
Eppendorf tube without disturbing the interphase. By adding isopropanol, the RNA was precipitated.
The samples were mixed by inverting several times and incubated at RT for 10 minutes. The
precipitated RNA was collected by centrifugation at 12,000g for 10 minutes at 2-8°C. The RNA pellet
was washed with 75% ethanol and air-dried for 10 minutes at RT. Samples were mixed by vortexing
and centrifuged at 75009 for 5 minutes at 2-8°C. The RNA was dissolved in 20ul pre-heated RNAse-
free water (40°C) and the solution was incubated for 10 minutes at 55°C before RNA quantity and

quality was checked.

The quantity and purity of the extracted RNA was determined by NanoDrop-1000 UV-Vis
spectrometer (Thermo Scientific, Wilmington, DE, USA). The RNA quantity and integrity were
assessed by the Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, California, United
States) using the 6000 Nano kit (Agilent), according to the instructions provided by the
manufacturer. A marker was accompanied with each RNA sample, to bracket the overall sizing range,

aligning ladder data with sample data. Via the electropherogram, the RNA quality and integrity were
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determined. For each sample, an RNA Integrity Number (RIN) score was obtained. The extracted
RNA was stored at -80°C.

2.4 Real time quantitative polymerase chain reaction

Total RNA was transcribed into cDNA with SuperScript™ IV First-Strand Synthesis System (Thermo
Fisher Scientific, Waltham, Massachusetts, USA), which was performed according to the

manufacturer’s instructions.

Duplex gPCR for housekeeping genes hydroxymethylbilane synthase (HMBS) and haemoglobin
subunit beta (HBB) was performed on a Rotor-Gene Q (Qiagen) running an in-house developed qPCR
(57, 58). The HMBS gene was a short fragment (47bp), while HBB was a long fragment (268bp),
measuring quantity and quality, respectively. The master mix consisted of Absolute gPCR SYBR green
mix (AbGene, Portsmouth, NH), HMBS and HBB primers (Eurogentec, Seraing, Belgium) and
DNase/RNase-free water. Total reaction volume was 20ul. SuperScript™ IV First-Strand Synthesis
System recommended that cDNA was 10% of the total volume, resulting in 2ul of cDNA input. The
input concentration was 96ng of cDNA. The final concentration of 0.2uM for each HMBS primer and
0.3uM for each HBB primer. The used positive control was cDNA obtained from RNA from white blood
cells of patients with acute myeloid leukaemia (AML). A non-template control (NTC) was also present

in the reaction. All reactions were performed in duplicate.

gPCR was performed to assess quality and quantity of reverse transcribed RNA. The sequences of

the used primers for gPCR were summarized in Table 2.

Table 2: Primers used for real-time qPCR quality control of cDNA Within this table, the primers are depicted
that were used to perform RT-qPCR used for quality control of cDNA. Primer sequence (5’-3°) of both primers are
shown in table 1. HMBS, hydroxymethylbilane synthase, HBB, haemoglobin subunit beta, TMf, forward primer;
TMr, reverse primer

Gene name (human) Primer sequence 5°...3’ Melting temperature Amplicon size
HMBS-sh-TMf TTCCAGGGATTTGCCTCAC 58°C 47 bp
HMBS-sh-TMr GAGGCAAGGCAGTCATCA 56°C 47 bp

HBB-TMf GAAGAGCCAAGGACAGGTAC 62°C 268 bp
HBB-TMr CAACTTCATCCACGTTCACC 60°C 268 bp

The in-house developed gPCR repeated the following cycle 40 times: 95°C for five seconds, 60°C for

ten seconds and 72°C for 20 seconds.

Results of the duplex gPCR were described as quality control (QC) values for HMBS-HBB primer mix.
Cycle threshold (Ct) data normalization was done to the positive control. The QC values (also called
delta Ct (ACt)) were calculated relative to the positive control (white blood cells from bone marrow),
as follows: Ct sample—Ct positive control. The mean Ct values for reversed transcribed RNA from
CC ranged between 20.23 and 21.73. The mean Ct value for the positive control amounted to 23.06.

The melting curves were analysed to assess the specificity and peak height for each amplicon.
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2.5 Transcriptomic analysis
Six samples were sent to GenomicsCore (Leuven, Belgium). Three samples were obtained from
vascular dysfunction patients and three samples were obtained from diabetes patients. RNA was
extracted with the RNeasy mini kit (Qiagen) according to the manufacturer’s instructions, after CC
tissue homogenisation with the GentleMACS dissociator (Miltenyi). Transcriptomic analysis was
performed using Quantseq (Lexogen, Vienna, Austria) by GenomicsCore. Before library preparation,
the RNA samples were purified with MinElute purification kit (Qiagen), according to manufacturer’s
protocol. Up to 17pl of RNA was purified per sample using the MinElute purification kit according to
manufacturer’s protocol. A final quality control was performed using the standardized protocols of

Lexogen.

After library preparation, Quantseq analysis was performed on these six samples using the Illumina
HiSeq 4000NGS (Illumina, San Diego, CA, USA). After alignment of the raw RNA-sequencing data to
the reference genome (GRCh38.p12) using Hisat2 version 2.1.0, counts were normalized and

differential gene expression was performed using the DESeq2 (59).

2.6 Statistical analysis
Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) 25.0
(SPSS IBM, Chicago, IL, USA). Values are expressed as means * standard error or median with
interquartile range (IQR). Normality was assessed by the Shapiro-Wilk test. When normality is
assumed, Leven’s test was assessed to check equality of variance. Comparison between two groups
were analysed with an independent samples T-test. When data were not normally distributed, a non-
parametric Mann-Whitney U was used. Correlation was checked with the Pearson correlation test if
normality was assumed. A p-value below 0.05 was considered statistically significant. For differential
gene expression, the adjusted p-value (pagj) was used. Pag; was used for multiple testing with the

Benjamini-Hochberg procedure, which controls false discovery rate.
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3 Results
3.1 RNA extraction optimisation

The RNA extraction of CC was optimised during this research thesis. Several homogenisation and
RNA extraction methods were compared in order to determine which method resulted in the best
RNA quantity and quality for future downstream analysis, such as RNAseq experiments. Generally,
for high-quality and integer RNA, the RIN value is preferable above six, and both the optimal optical
density (OD)260/280 and OD 260/230 ratios need to range between 1.8 and 2.2. The minimal
0D260/280 and OD260/230 value for RNAseq is 1.5.

3.1.1 GentleMACS dissociator and RNeasy mini kit with
The CC tissue samples from ED patients was collected in RNAlater solution or snap frozen. The effect
of these two different collection methods on the RNA extraction was studied. The CC tissue, in
RNAlater or snap frozen, was mechanically homogenised with the GentleMACS dissociator.
Subsequently, RNA was extracted using the RNeasy mini kit. For RNA/ater four CC samples were
extracted, compared to three CC samples collected snap frozen.

With the GentleMACS dissociator, a very good homogenisation of the
CC tissue samples was achieved, since there were no leftovers of the
tissue visible. Independent of collection method, the sample was
completely dissolved in the RLT lysis buffer as depicted in Figure 3.

As shown in Table 3 the RNA concentrations varied a lot between the
samples. Generally, the highest RNA concentration was received from
CC tissue samples with a weight of 13,6 and 17,3 mg, independent of
collection method. Samples that weighed more than 19,0 mg or less

than 12,4 mg had a lower concentration compared to samples that

weighed between 13,6 and 17,3 mg.

First of all, the concentration in RNA/ater samples was amounted t0 fgigyre 3  Homogenisation of

21.69 £ 9.02 ng/pl measured with NanoDrop and 13.0 £ 5.79 ng/pl fﬁgpuzgﬁgzzzégm fjf,:gﬁs V;',f’;

leftovers. The tissue is completely

assessed with the Bioanalyzer. For the snap frozen samples, the . . ..

concentration measured with the NanoDrop was 13.39 + 2.42 ng/ul and
with the Bioanalyzer 13.5 £ 3.01 ng/pl.

The OD260/280 value felt within the optimal range of 1.8 to 2.2 in six out of seven times in both
collection methods. One RNA/ater sample did not fit the range. For the RNA/ater samples, the mean
0D260/280 amounted to 2.16 £ 0.08. Only one value was higher than 2.2, and did not meet the
required range. Within the snap frozen group, the mean OD260/280 value was 2.07 £ 0.07, with all
samples fitting in the desired range. The OD260/230 values were all below 1.8. Within the RNAlater
group, the mean 260/230 value was 0.33 + 0.16. Compared to the snap frozen group, this was more
or less the same with a mean OD260/230 of 0.31 + 0.14.

All samples were analysed using an electrophoretic assay. Results were shown as gel-like images

(bands) and electropherograms (peaks). A marker was used to bracket the overall sizing range,
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aligning ladder data with sample data. RIN values were based on the electrophoretic trace of the
sample. The ideal range for RIN samples was between six and ten. RIN scores higher than seven
indicated high-quality RNA. When the RIN was lower than 7, partial or complete RNA degradation
could occur. For two RNA/ater samples, the RIN values were determined (N/A) by the Bioanalyzer.

The obtained RIN values were higher than six, except for one snap frozen sample (18CC010).

Generally, the RIN values in the RNA/ater group were higher than in the snap frozen group. The
mean RIN of RNA/ater samples was 8.3 £ 0.6 compared to 6.4 £ 0.85 for the snap frozen samples.
Moreover, the RIN of snap frozen samples taken in 2015 (15CC008) was higher than the RIN of
samples taken in 2017 and 2018 (17CC033 and 18CC010).

There were no significant differences in concentration, OD value or RIN between RNA/ater and snap

frozen samples.

Table 3: Results RNA optimisation with GentleMACS, RLT buffer and RNeasy mini kit. CC samples were
homogenised with the GentleMACS and RNA was extracted with the RNeasy mini kit and. Within this optimisation,
RLT buffer was used. For each sample, the used collection method, RNAlater or snap frozen, was shown.
Furthermore, the concentration (ng/ul) measured on the NanoDrop as well as on the Bioanalyzer was presented.
Both 0D260/280 and 0OD260/230 were obtained by the NanoDrop. Lastly, RIN was measured with the
Bioanalyzer. RNA concentrations varied between the samples. The obtained OD260/280 value fitted the range.
0D260/230 was lower than expected and did not fit the range. RIN values that were determined were in four out
of five times higher than six. CC, corpus cavernosum; OD, optical density; RIN, RNA integrity number.

Sample Collection Concentration 0D260/280 O0OD260/230 RIN Concentration

number method NanoDrop Bioanalyzer
(ng/ul) (1.8-2.2) (1.8-2.2) (ng/Hl)

17CC033 RNA/ater 34.95 2.23 0.72 8.9 14.0
18CC010 RNA/ater 9.41 2.08 0.12 N/A 4.0
18CC007 RNA/ater 3.19 2.35 0.03 N/A 5.0
15CC007 RNA/ater 39.2 1.99 0.45 7.7 29.0
17CC033 Snap frozen 8.57 1.93 0.11 6.1 11.0
15CC008 Snap frozen 16.2 2.15 0.57 8 10.0
18CC010 Snap frozen 15.39 2.14 0.25 5.1 19.50

The electropherograms obtained by the Bioanalyzer were shown in Figure 4. Figure 4A was an
example of an electropherogram obtained by high-quality RNA. The first peak was the marker
followed by two distinct peaks at the 18S fragment (second peak) and the 28S fragment (third peak),
both representing the ribosomal subunits. This electropherogram showed intact, high-quality RNA.
The corresponding RIN value was 8.9. In contrast in Figure 4B the RNA is partially degraded. There
were still two peaks visible in the 18S fragment and 28S fragment, but less pronounced. The
matching RIN value was 5.1, which did not fit the range. Lastly, figure 4C showed no peak in the
18S fragment nor in the 28S fragment. There was no RNA measured, resulting in a flat

electropherogram
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Figure 4: Electropherograms of RNA samples.

A. The first peak represented the marker, the second and third peak represented 18S and 28S fragment. The
RIN value was 8.9. This was an example of high quality, non-degraded RNA.

B. The first peak represented the marker, the second and third peak represented 18S and 28S fragment with a
baseline noise in between. The RIN was 5.1, which resembles degraded RNA.

C. Only one peak was visible, which was the marker. No peak was visible in the 18S and 28S region, which
represented as an electropherogram with no RNA present. No RIN value was calculated.

In order to test and compare different homogenisation methods, the GentleMACS dissociator was
replaced by manual method, using a pestle. For the RNA extraction, the RNeasy mini kit was used
according to manufacturer’s protocol. Here, the CC tissue was collected in RNA/ater. In this setting,

only two samples were studied.
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Manual homogenisation of CC with a pestle was labour-intensive. The tissue was not fully
homogenized and did not dissolve in the RLT lysis buffer. Leftovers of tissue were visible in the RLT

buffer after homogenisation.

As depicted in Table 4, the concentrations measured with NanoDrop were low, with a mean of 13.10
+ 5.87 ng/ul. The concentrations measured with the Bioanalyzer were comparable to those measured
with NanoDrop, amounting to 13.0 £ 1.41. The mean 0D260/280 value was 2.18 £ 0.23. However,
only one of the two OD260/280 values fit in the range of 1.8-2.2. Furthermore, the OD260/230

values were very low, with a mean of 0.40 £ 0.09. In addition, only one RIN value was above six.

Table 4: Results optimisation using a pestle in combination with the RNeasy mini kit and RLT buffer.
CC was homogenised using a manual method, the pestle. Only one collection method was used, RNAlater.
Furthermore, the table shows the concentration (ng/ul) measured on the NanoDrop as well as on the Bioanalyzer.
0D260/280 as well as the OD260/230 were obtained by the NanoDrop. In conclusion, the RIN value was measured
with the Bioanalyzer. The Bioanalyzer gave different RNA concentrations compared to the NanoDrop. OD260/280
fitted the range in one out of two samples. OD260/230 was below 1.8. One RIN value was above six, while the
other did not meet this range. CC, corpus cavernosum; OD, optical density;, RIN, RNA integrity number

Sample Collection Concentration O0D260/280 O0D260/230 RIN Concentration

number method NanoDrop (1.8-2.2) (1.8-2.2) Bioanalyzer
(ng/pl) (ng/ul)

18CC021 RNAlater 17.25 2.02 0.46 5.1 14.0

18CC022 RNAlater 8.95 2.35 0.33 7.9 12.0

As third method, a manual pestle homogenisation followed by an RNA extraction with RNeasy mini
kit was performed. Instead of the standard RLT lysis buffer of the RNeasy mini kit, the QIAzol lysis

buffer was used. In total, three RNA/ater as well as three snap frozen CC tissue samples were used.

The manual homogenisation with a pestle did not completely dissociate
nor dissolve the CC sample, as demonstrated with the arrow in Figure 5.

Clear leftovers of the tissue were still visible after homogenisation.

Table 5 showed the results of the combination of the use of a pestle and
RNeasy mini kit with the QIAzol buffer instead of the RLT buffer. For the
RNA/ater samples, the RNA concentration was 31.87+ 12.73 ng/pL

measured with the NanoDrop compared to a concentration of 17.67 + Figure 5: Leftovers of corpus
cavernosum tissue after

10.60 ng/ul on the Bioanalyzer. The mean OD260/280 in these samples
was 1.75 £ 0.22. The OD260/230 was below 1.8 with a mean of 0.68 +
0.59. The average RIN value in the RNA/ater samples was 7.42 + 0.98.

homogenisation with a pestle
in QIAzol buffe. Using a manual
homogenisation such as a pestle,
did not resolve the tissue.
Leftovers were still visible, pointed

h :
The mean concentration of snap frozen CC samples was 19.28 £ 7.87 and fo by the amow

13.67 = 8.01 ng/ul, measured on NanoDrop and Bioanalyzer, respectively. Additionally, they did not
meet 1.8 for the OD260/280 and 0OD260/230, with a mean of 1.73 £ 0.13 and 0.41 £+ 0.25
respectively. The RIN value of snap frozen samples exceeded 7, with a mean RIN of 7.78 + 0.32.

Again, there were no significant differences in concentration, OD value or RIN between RNA/ater and

snap frozen samples.
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Table 5: Results optimisation of the pestle with RNeasy mini kit and QIAzol buffer. A manual
homogenisation method was used to dissociate the tissue. RNA was extracted using the RNeasy mini kit with
QIAzol lysis buffer instead of RLT lysis buffer. Two collection methods were tested, three RNAlater samples and
three snap frozen samples. During this optimisation, concentrations (ng/ul) were measured on NanoDrop and
Bioanalyzer. Both OD260/280 and OD260/230 were obtained by the NanoDrop. The Bioanalyzer also calculated
the RIN value. Concentrations did vary between NanoDrop measurements and Bioanalyzer calculations.
0D260/280 was below two and OD260/230 varied a lot, with no value meeting the 1.8. One value was not
determined by the Bioanalyzer, while the other values all meet the threshold value of six. CC, corpus cavernosum;
OD, optical density; RIN, RNA integrity number.

Sample Collection Concentration 0D260/280 0D260/230 RIN Concentration

number method NanoDrop (1.8-2.2) (1.8-2.2) Bioanalyzer
(ng/pl) (ng/pl)
18CC027 RNA/ater 26.5 1.94 1.29 6.3 29.0
18CC022 RNA/ater 22.7 1.79 0.65 7.8 16.0
18CC021 RNAlater 46.4 1.51 0.11 8.15 8.0
18CC027 Snap frozen 23.6 1.86 0.67 7.6 21.5
18CC022 Snap frozen 24.05 1.74 0.41 8.0 14.0
18CC021 Snap frozen 10.2 1.60 0.17 N/A 5.5

The automatic QIAcube robot was tested. Homogenisation of the CC tissue was performed by glass
beads. This robot extracted RNA from CC tissue according to the programmed RNeasy mini kit

protocol. Only three RNA/ater samples were used in this method.

The glass beads were not a good method to dissociate the CC tissue. Leftovers of the CC tissue were

still present in the tube after homogenisation.

The concentrations measured by NanoDrop were all below 5ng/ul as shown in Table 6. Furthermore,
the OD260/280 and OD260/230 values were extremely low, not reaching 0.1. In comparison the
manual RNA extraction using the RNeasy mini kit, the robot gave no better results. RIN and

Bioanalyzer concentrations were not measured due because of low RNA quantity and quality.

Table 6: Results optimisation of glass beads in combination with the QIAcube robot. CC was
homogenised using glass beads. The QIAcube robot extracted RNA according to the RNeasy mini protocol. With
this protocol, only three RNAlater samples were tested. The concentration (ng/ul), OD260/280 and OD260/230
were measured with NanoDrop. Concentrations were all below 5ng/ul. Furthermore, the OD260/280 and
0D260/230 values did not meet 0.1. CC, corpus cavernosum; OD, optical density; RIN, RNA integrity number

Sample Collection Concentration 0D260/280 0D260/230
number method (ng/pl) (1.8-2.2) (1.8-2.2)
18CC027 RNA/ater <5 <0.1 <0.1
18CC016 RNAlater <5 <0.1 <0.1
17CC004 RNA/ater <5 <0.1 <0.1
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To test a manual method without the use of columns, the QIAzol

method was chosen.

For the homogenisation of the tissue, a pestle was used. However, as
shown in Figure 6 there were still leftovers of the CC tissue present in
the tube (indicated by the arrows). The tissue is not completely

dissolved in the QIAzol lysis buffer.

Table 7 showed the results of this method. Two collection methods h

were compared within this method, namely four RNA/ater and five snap

frozen CC samples. For the RNAlater samples, the average
concentration measured with NanoDrop was 127.38 + 37.96 ng/ul.
These samples were also measured on the Bioanalyzer, resulting in a

mean concentration of 50.5 + 37.56 ng/pl. For the snap frozen

Figure 6: Leftovers of corpus
cavernosum tissue after
homogenisation with a pestle
in QIAzol buffer. The arrows
show the leftovers of CC tissue in
the QIAzol buffer. The manual
pestle homogenisation did not
resolve the tissue

samples, the obtained mean concentration on NanoDrop amounted to 156.88 £ 43.57 ng/ul, while

on the Bioanalyzer the RNA concentrations were lower with a mean amount of 72.5 £17.26 ng/pl.

In general, there was no direct link between the weight of the tissue compared to the concentration

when using the QIAzol method. Even when a low amount of tissue (5.1mg) was used, there is still a

good yield in RNA.

The OD260/280 value of the RNA/ater samples was 1.68 £ 0.07. The RNA/ater samples gave a mean
0D260/230 of 0.48 £ 0.17. For the snap frozen samples, the OD260/280 and OD260/230 value

amounted on average to 1.8 £ 0.03 and 1.01 + 0.25, respectively.

The RIN value of the RNA/ater samples amounted to 5.77 £ 1.93. This was higher than the mean

RIN values of the snap frozen samples, which were on average 5.28 + 0.60.

There were no significant differences between the two collection methods regarding concentration,

OD values and RIN value.
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Table 7: Results optimisation using a pestle with the QIAzol method - precipitation. CC was
homogenised in a manual way, using the pestle. Four RNAlater samples and four snap frozen samples were used.
Within this optimisation, a precipitation method was assessed, namely the QIAzol method. RNA concentration
(ng/ul) was measured with the NanoDrop and Bioanalyzer. Purity was assessed with the OD260/280 and
0D260/230 value. The RIN value, calculated with the Bioanalyzer, suggested the integrity of the extracted RNA.
Concentrations measured with NanoDrop were higher than concentrations measured with the Bioanalyzer. Four
out of nine 0D260/280 were above 1.8. All 0D260/230 values were lower than 1.8. Determined RIN values varied
a lot, with four out of seven determined RIN values above six. CC, corpus cavernosum; OD, optical density; RIN,
RNA integrity number

Sample Collection Concentration 0D260/280 OD260/230 RIN Concentration

number method NanoDrop (1.8-2.2) (1.8-2.2) Bioanalyzer
(ng/ul) (ng/ul)

17CC007 RNA/ater 167.2 1.83 0.98 7.6 163.0
18CC024 RNA/ater 66.3 1.54 0.22 N/A 7.5
18CC025 RNA/ater 61.35 1.61 0.37 7.8 18.0
18CC026 RNA/ater 214.65 1.75 0.33 1.9 13.5
18CC026 Snap frozen 285.85 1.83 1.56 6.6 61.0
17CC007 Snap frozen 60.8 1.78 0.70 4.2 51.0
18CC027 Snap frozen 137.8 1.80 0.21 4.3 63.0
18CC025 Snap frozen 73.65 1.71 1.4 6.0 47.0
18CC026 Snap frozen 226.3 1.87 1.18 N/A 140.5

In order to mimic the procedures of the RNeasy fibrous tissue mini kit (Qiagen), the RNeasy mini kit
was used with an additional proteinase K step. Homogenisation was performed mechanically with
the GentleMACS dissociator. The CC tissue was completely dissolved in the RLT buffer and no
leftovers were visible. All studied samples (five) were collected in RNA/ater. Table 8 showed the
measured values for this method. The mean concentration measured on the NanoDrop was 9.09 +
2.20 ng/pl. This is slightly higher than the RNA concentration determined with the Bioanalyzer, which
was 7.8 £ 1.85 ng/ul. The OD260/280 fitted the desired range, with a mean of 1.93 £+ 0.11.
0D260/230 was below 1.8, with a mean of 0.58 £+ 0.18. The average RIN amounted to 7.56 + 0.39.
Table 8: Optimisation of the GentleMACS with RNeasy mini kit with an additional proteinase K step.
During this optimisation, the GentleMACS was used as homogenisation method. Five RNAlater samples were
selected. The standard RNeasy mini protocol was used as described before, but after homogenisation an additional
proteinase K step was added. Concentration (ng/ul) was measured using NanoDrop and Bioanalyzer. NanoDrop
also measured the OD260/280 and OD260/230. RIN values were calculated with the Bioanalyzer. Concentrations
were rather low and differ slightly from the concentrations measured with Bioanalyzer. One out of the five

0D260/280 values did not meet the range. All OD260/230 values were below 1.8. The RIN values were very
good, al overreaching six. CC, corpus cavernosum,; OD, optical density; RIN, RNA integrity number

Sample Collection Concentration 0D260/280 O0OD260/230 RIN Concentration

number method NanoDrop (1.8-2.2) (1.8-2.2) Bioanalyzer
(ng/pl) (ng/pl)
18CC004 RNA/ater 4.97 2.05 0.34 7.0 3.5
18CC012 RNA/ater 7.99 1.87 0.58 6.7 4.0
18CC015 RNA/ater 4.56 1.52 0.05 7.3 7.5
18CC044 RNA/ater 11.66 2.16 0.8 8.4 12.0
19CC009 RNA/ater 16.26 2.07 1.11 8.6 12.0
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Conclusively, RNA was ideally collected in RNA/ater. The weight used was ideal not above 20mg. The
best method to homogenize tissue was in a mechanical way using the GentleMACS dissociator.
RNeasy mini kit was the outstanding way to extract RNA from CC tissue. When using this RNeasy

mini kit, the RLT buffer was the leading lysis buffer to use.

3.2 Study population
To perform the final RNA extraction, the optimal method was chosen, being homogenisation with
GentleMACS dissociator and subsequent RNA extraction with the standard protocol (using RLT buffer)
of the RNeasy mini kit. Furthermore, to start, the RNA/ater CC tissues were preferred. RNA extracted
from 29 CC samples were extracted using this method. However, two samples were excluded because
of incorrect and unreliable OD260/280 measurements (0D260/280 = 10).

In addition, an extra statistical analysis was performed for the ‘time until processing’ to see if this
was a confounder which needed to be accounted for. This was defined as the time between collection
and processing of the CC samples. Shapiro-Wilk test did not assumed normality. Median values with
IQR were calculated. The median time until processing was 74.0 (59-129) minutes. There was no
significant correlation between time until processing and the concentration, OD260/280 or
0D260/230.

From the 29 extracted RNA samples, six RNA samples were used for RNAseq and three RNA samples

were used for gPCR. The remaining samples will be used in future RNAseq and gPCR experiments.

3.3 Duplex gPCR with HBB and HMBS
After cDNA synthesis, duplex gPCR for the HMBS and HBB genes was performed with three samples

in order to determine the quality and quantity of the reverse-transcribed RNA. The mean QC values

were depicted in Table 9. The ACt values or QC values, were negative, as shown in Figure 7.

Table 9: Mean Ct values and ACt values calculated for the HBB and HMBS genes. The mean QC values of
the three samples and the positive control were shown. RNA extracted from CC was transcribed into cDNA. Duplex
gPCR was performed with HMBS and HBB genes. With the mean Ct values, the QC values were calculated as
follows: Ctsampie — Ctpositive controt. Ct, threshold cycle; CC, corpus cavernosum,; qPCR, quantitative polymerase chain
reaction; HMBS, hydroxymethylbilane synthase; HBB haemoglobin subunit beta; QC value; Quality control value
; AML, Acute myeloid leukaemia

Sample number Disease Mean Ct value QC value
18CC012 Diabetes 20.18 £ 0.07 -2.88 £ 0.07
18CC028 Diabetes 21.66 + 0.09 -1.40 £ 0.09
18CC037 Vascular 21.58 £ 0.11 -1.48 £0.11

Positive control AML 23.06 =+ 0.00 /

Both HBB and HMBS fragments were formed in this duplex qPCR. This was analysed in the raw
melting curve data, as depicted in Figure 8. The first peak (around 73°C) in the melting curve
represented the formed primer-dimers. The short HMBS fragment rose at a temperature of 79°C.
The HBB fragment peaked around 86°C. The red curve was the positive control (AML). Two reverse-
transcribed RNA samples (orange and green) had a shifted peak at 86.5°C shifting away from the
positive control, as demonstrated by the arrows in Figure 8. The orange melting curve had a melting
temperature of 86°C. The green curve peaked lower compared to the positive control, but had a

melting temperature of 86.5°C.
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Figure 7: Qualitative and quantitative control of RNA. RNA from CC samples was transcribed into cDNA.
After cDNA synthesis, a duplex gPCR was performed with the genes HMBS and HBB. Three different RNA samples
from CC were analysed. The QC values were all below zero. RNA, ribonucleic acid; CC, corpus cavernosum; HMBS,
hydroxymethylbilane synthase; HBB haemoglobin subunit beta;, gPCR, quantitative polymerase chain reaction;
mean % standard deviation

15 HBB

Figure 8: Melting curves analysis of duplex qPCR with HMBS and HBB genes.
Melting curves were generated after a duplex gPCR with HMBS and HBB genes. The first peak were primer dimers
around 73°C, followed by the second peak around 79°C represented the HMBS gene. The third peak around
86.5°C resulted in the HBB gene. The red curve presented the positive control. The arrows indicated a slightly
change in temperature (°C) in the melting curves (green and orange melting curve). HMBS, hydroxymethylbilane
synthase; HBB haemoglobin subunit beta; gPCR, quantitative polymerase chain reaction.
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3.4 Transcriptomic analysis

For transcriptomic analysis, the Quantseq method (Lexogen) was chosen. Six samples were sent to
GenomicsCore (Leuven, Belgium), which included three RNA samples of vascular dysfunction patients
and three RNA samples of diabetic patients. All CC samples were collected in RNA/ater. They were
homogenized using the GentleMACS dissociator and RNA extraction was performed with the RNeasy
mini kit.

Within the vascular patients’ group, the mean concentration measured with the NanoDrop was 21.26
+ 3.37 ng/ul. The concentration on the Bioanalyzer, 11.83 + 6.84 ng/pl, slightly differed from the
concentration measured with NanoDrop. The average OD260/280 did not fit the normal range, with
a value of 2.24 = 0.07. The OD260/230 was lower than the required 1.8, namely 0.47 £ 0.15. The
RIN value was calculated at 8.6 £ 0.15.

On the NanoDrop, the average concentration of RNA isolated from CC of the diabetic group was 15.7
+ 2.83 ng/ul. This was higher than the concentration measured with the Bioanalyzer, which was 8.83
£ 1.59 ng/pl. The average value of OD260/280 was 2.21 + 0.14. The OD260/230 amounted to 0.50
£ 0.26. To conclude, the RIN outreached the six, with a mean of 8.03 £ 0.41.

Before the library preparation could be performed, GenomicsCore performed a purification of the
RNA samples with the MinElute purification kit (Qiagen) to increase the sample quality. Although RNA
yield was decreased after purification, the total amount of RNA was high enough (threshold of 100ng
required for RNAseq). Moreover, O0D260/230 values of four out of six RNA samples rose above 1.5,
as referred to in yellow in Table 10. OD260/280 values were not changed during the MinElute
purification and therefore not depicted in the table.

Table 10: Concentration and OD260/230 values of the RNA samples after MinElute purification. Before
using the RNA samples of a library preparation for Quantseq analysis, the samples needed to be purified. Before
purification, the OD260/230 values were lower than 1.5. After using the MinElute purification kit, the values raised
and in four out of six samples, the values increased above the critical 1.5 value. OD, optical density

Before MinElute Purification After MinElute Purification
Concentration RNA 0D260/230 | Concentration RNA 0D260/230
Sample Disease NanoDrop yield (1.8-2.2) NanoDrop yield (1.8-2.2)
number (ng/pl) (ng) in (ng/pl) (ng) in
30pl 17pl

18CC018 Vascular 21.39 641.7 0.12 26.1 443.7 1.95
19CC005 Vascular 27.04 811.2 0.58 19.9 338.3 1.94
18CC038 Vascular 15.36 460.8 0.55 11.8 200.6 1.64
18CC017 Diabetes 20.24 607.2 1.02 14.5 246.5 1.74
17CC007 Diabetes 10.51 315.3 0.24 13.6 231.2 0.88
18CC043 Diabetes 16.35 490.5 0.23 14.4 244.8 1.19

After a successful library preparation and quality control, GenomicsCore performed a Quantseq
analysis. Fifty genes were differential expressed between both test groups (Appendix Table 1).
From these fifty differentially expressed genes, only three genes were statistically different between
the vascular group and the diabetes group, namely, Angiopoietin-like 4 (ANGPTL4, pagi = 0.002),
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Ribosomal protein L9 (RPLY, pagi = 0.002) and KAT8 Regulatory NSL complex Subunit 1-Antisense
RNA 1 (KANSL1-AS1, pagi = 0.04). As shown in Figure 9. The three genes ANGPTL4 (p = 0.04),
RPLY9 (p = 0.01) and KANSL1-AS1 (p = 0.02) were significantly higher expressed in the diabetes

group, compared to the vascular patient group.
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Figure 9: Difference in gene expression with Quantseq based on normalized counts with DEseq2 (59).
After normalization of the counts per gene, the median with interquartile range per group was calculated. The
significant difference in gene expression between the vascular group and the diabetic group was determined using
a T-test analysis. Each group was based on three samples. All genes were significantly more expressed in the
diabetes group compared to the vascular group, ANGPTL4 (p = 0.04), RPL9 (p = 0.01) and KANSL1-AS1 (p =
0.02).

ANGPTL4, Angiopoietin-like4; RPL9, Ribosomal protein L9; KANSL1-AS1, KAT8 Regulatory NSL complex Subunit
1-Antisense RNA 1. Median with interquartile range

25






4 Discussion

The condition ED is explained as the inability to attain or maintain a penile erection sufficient for
sexual intercourse (1). There are many reasons why men develop ED, this may be due to relationship
problems or lifestyle habits (i.e. smoking, no exercise) (2). Nonetheless, there are also patients who

suffer from a serious medical condition (i.e. diabetes, prostate cancer treatment,...).

To get an erection, the NO-pathway must be activated, resulting in a decrease in Ca2* and relaxation
of the smooth muscle cells in the CC tissue of the penis. Therefore, the key player in receiving an
erection is the CC tissue. Up until now, research mainly focussed on the known NO-pathway. Current
medical aids, such as Viagra®, are also mostly based on this pathway. However, this medication
offers no relief to 40% of ED patients (1). Patients who do not respond to medical offers are called
refractory ED patients. These refractory ED patients can be divided in five subgroups, namely patients
suffering from vascular dysfunction, diabetes, Peyronie’s disease, hypogonadism and total
prostatectomy. These refractory patients are assigned to more invasive options, such as IPP.
Therefore, the ultimate goal is to find new potential therapeutic targets, which do not depend on NO
production (55). These new potential therapeutic targets could be beneficial for refractory ED

patients, resulting in non-invasive treatment options.

This CC is of great importance for penile erection, because it is expandable tissue allowing blood flow

to enter the penis. This results in penile erection. The CC tissue was described as fibroelastic tissue
(8).

With the ultimate goal of transcriptomic analysis with NGS (i.e. Quantseq), high-quality and
quantitively RNA should be obtained from CC tissues. However, few researches have been done on
transcriptomic alternations in CC. Therefore, hardly any publications on RNA extraction from this CC

tissue could be found. For this reason, RNA extraction from CC tissue first had to be optimised.

Our biobank contains CC tissue from 288 patients. These samples were collected in RNA/ater or snap
frozen. The CC tissues are stored in the biobank since 2010. The snap frozen samples that were
collected in 2015 have a better RIN value compared to the snap frozen samples of 2017 and 2018.
Over the years, the surgeries of Dr. Van Renterghem moved to another campus, increasing the time
until processing. In 2015 the IPP operations were done in the Jessa hospital, campus Virga Jesse.
The CC tissue was immediately transferred to the laboratory of UBiLim (Jessa hospital, campus Virga
Jesse) and processed. Nowadays, the IPP operations are performed on the Salvator campus of the
Jessa hospital. Therefore, the CC tissue samples need to be transported from Salvator campus to
Virga Jesse campus, which takes about one to two hours to get the samples to the laboratory for
processing. The time needed to transfer the samples from the operating room to the laboratory for
processing and storage is longer now compared to 2015. Consequently, the time up until processing
increased. Previous research on other types of tissue (i.e. esophageal adenocarcinoma) confirms this
observed effect of time on the quality of the RNA samples (60). With our small sample size, no
significant correlation was found between the time until processing and the quality of RNA. However,
larger studies must be performed in order to confirm this statement. Nonetheless, the delay between

sampling and fresh-freezing must be minimized as much as possible.
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Furthermore, our results suggested higher mean RIN values in RNA/ater samples, however no
significant difference was found between RNA/ater and snap frozen tissue. RNA/ater samples were
immediately emerged into the RNA/ater solution and transported on ice, whereas the snap frozen
samples were placed on a clot with NaCl and transported on ice. This difference in tissue collection
can have an effect on the RIN value of the RNA samples. Since the CC tissue samples are stored on
ice for at least one hour, cold ischemia may be induced, which could possibly lead to RNA degradation
(61). In case of a longer transport from operating room to biobank before processing, RNA/ater is

recommended for the protection of the quality of RNA (62).

Another important part to take into account is the amount of tissue that will be used for RNA
extraction. Our results recommended an amount of 13 to 18mg as ideal weight, preferably not
exceeding the 22mg of tissue for the RNeasy mini kit. As for the QIAzol method, a maximum weight
up to 100mg can be used according to in-house protocols. With the RNeasy mini kit, it is important
not to use to much CC tissue, because it is a column-based approach. The maximum weight is
preferably between 15-20mg according to the manufacture’s protocol (63). This maximum weight
applies for both the manual use of the RNeasy mini kit as well as the use in a QIAcube robot. When
too much starting material is loaded, the column will clog and RNA will not bind anymore (63).
However, no clear link was established between the weight and the obtained concentration in the
QIAzol method.

The best way to homogenize the CC tissue is with a mechanical dissociator such as the GentleMACS
dissociator. With this method, the samples were completely dissolved and homogenized in the lysis
buffer. When compared to the manual homogenisation using a pestle, the tissue does not dissolve
completely. There were still leftovers visible in the lysis buffer. To efficiently extract all RNA, it is
required to dissolve the CC tissue completely, since incomplete homogenization results in inefficient
binding of RNA to the RNeasy mini column (63). The GentleMACS is more powerful than the pestle,
resulting in fully homogenised CC tissue. Research showed that a mechanical homogenisation is

better than a manual homogenisation (62).

When comparing the RNeasy mini kit with the standard RLT lysis buffer and the RNeasy mini kit with
QIAzol lysis buffer, no major differences were viewed in concentration, OD-values or RIN values. RLT
is a lysis buffer for non-fatty tissue, while QIAzol is a lysis buffer used for lysis of fatty and normal

tissue before RNA isolation. In our opinion, both lysis buffers are usable for RNA extraction from CC.

Generally, there is a difference between the measurements of concentration with the NanoDrop and
the measurements with the Bioanalyzer. NanoDrop measures all the nucleotides (i.e. DNA leftovers)
present in the extraction product, while the Bioanalyzer focusses specific on RNA nucleotides only.
The Bioanalyzer is more reliable in measuring RNA concentrations (62). Overall, the total RNA yield
was higher than 100ng. For Quantseq, the required threshold value for total RNA is 100ng (64).
When compared to the RNeasy mini kit, the highest total RNA concentrations were measured with
the QIAzol method. The QIAzol method is based on precipitation, and precipitates all nucleotides,
while in the RNeasy mini kit only RNA binds to the column. With the QIAzol method, leftovers of DNA

can be present in the precipitated solution, resulting in higher concentrations measured with
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NanoDrop. After measuring concentration of the QIAzol method RNA samples with the Bioanalyzer,
the concentrations were lower compared to concentration measured with NanoDrop. To remove any
DNA present in the RNA samples, an additional DNase digestion step should be performed (63, 65).
However, the effect of this extra digestion step has not been tested in this study. Another possible
explanation for the observed difference in measured concentrations is that the spin columns of the
RNeasy mini kit only binds RNA molecules longer than 200 bases, which selectively excludes most of
the ribosomal- and transport-RNA (63). Since precipitation does not have this selection, it

precipitates all RNA molecules, which may raise the RNA concentration.

When comparing the yield obtained by the QIAcube, which is the automatic version of the RNeasy
mini kit, to the manual RNeasy mini kit, concentrations were below 5 ng/pl using the QIAcube. This
is lower than the concentration obtained with the manual method, concluding that the manual RNA
extraction with the RNeasy mini kit is a better solution for CC tissue. This is not what should be
expected, because the robot is a closed system, avoiding contamination. Furthermore, the QIAcube
robot is an automatic device, which should result in more accurate pipetting. However, note that the
homogenisation between the manual and automatic RNeasy mini kit was different. This may have an
influence on these results. Both homogenisation methods were mechanical, but the manual method
uses the GentleMACS, while the automatic QIAcube used glass beads. This may have an effect,
because the beads did not completely homogenise the tissue, leaving leftovers, which may result in

a lower RNA concentration.

Purity of the RNA samples is determined by the 0D260/280, which is measured
spectrophotometrically, and should be in the range of 1.8-2.2. The 260nm wavelength determines
the presence of DNA and/or RNA in the sample, because the ultraviolet light will be absorbed by the
DNA and/or RNA. Proteins absorb ultraviolet light at 280nm. The higher the contamination with
proteins, the lower the OD260/280 value will be. The OD260/280 values are in the optimal range in
the RNeasy mini kit method. The RNeasy mini kit only binds RNA on the column, leading to less
protein contamination in the RNA sample. Within the QIAzol method, the OD260/280 values were

lower because the extraction does not only consist of RNA, but also proteins.

For the OD260/230, the 230nm wavelength measures the presence of salt, carbohydrates, peptides
and aromatic compounds, and should be in the range of 1.8-2.2. The OD260/230 value is extremely
low for all methods. This may be due to organic contaminations. The RNeasy mini kit contains RLT
buffer, which has a high concentration of guanidine isothiocyanate. Organic contamination causes
low OD260/230 values if residues stay present. Furthermore, f-mercaptoethanol is added to the RLT
buffer, which can also affect the OD260/230 value (63, 66). A 260/230 value under 1,5 cannot be
used for RNAseq, due to interference of organic components present in the RNA extraction. Quantseq
is less susceptible for this contamination, but only on condition that the OD260/280 is between 1.9
and 2.1; and the RIN value is above six (64, 67).

RIN stands for RNA integrity number. A marker is used to bracket the overall sizing range, aligning
ladder data with sample data. Via the electropherogram, the RNA quality and integrity were

determined. A RIN above six is known to be intact RNA, whereas a RIN lower than six indicates
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degraded RNA. Overall, the best RIN values are obtained with a combination of the GentleMACS
homogenisation and RNeasy mini kit, starting with RNA/ater CC tissue samples. Due to a low total
RNA concentration, the RIN value could not be determined (N/A) in some samples. Another problem
with measurement of the RIN value was an unexpected signal in the 5S region. Additional peaks in
the 5S region are often seen when a phenol or QIAzol method is used due to small RNA
contamination. They can be removed by using Qiagen columns (i.e. RNeasy mini kit), which will
remove small RNA’s (63). Samples with a RIN value above eight are optimal for RNAseq experiments,
the minimum RIN value is six. When the RIN value is below six, the samples are too degraded to use

for RNAseq experiments (68, 69).

In conclusion, RNA/ater is preferably used for CC tissues. Furthermore, a mechanical homogenisation
is best for this type of tissue. The RNeasy mini kit with RLT buffer is favourable method to extract
RNA from CC tissue. The combination of these optimisation results will be used in following RNA

extractions of CC for future downstream analysis such as gPCR and RNAseq.

With the ultimate goal to perform a gPCR for validation of the differentially expressed genes in a
larger cohort study, cDNA must be produced with our RNA samples and the respective quality of
RNA. To assess whether our RNA had a good quality to perform a gqPCR, a duplex gPCR was carried
out. Duplex gPCR of reverse-transcribed RNA from CC samples was performed using both HBB and
HMBS. The HMBS gene is a short fragment of 47 bp and represents the quantity of cDNA that was
produced from RNA from CC. The HBB gene is a long fragment of 268 bp and reveals the quality of
cDNA. Resulting from the duplex gPCR, the QC values were lower than zero, resulting in both good
quality and quantity RNA. A good QC value is related with a low QC value (57). Using a duplex gPCR,
the raw melting curves are of great importance. Melting curve analysis determines the presence of
primer-dimers and ensures reaction specificity. Primer-dimers were present in the melting curves,
decreasing PCR efficiency and obscures analysis (78). Weak interactions can occur between primers,
often after 30 cycles, which will result in binding to each other instead of the target (78, 79).
Complementary of just one nucleotide can cause primer-dimers. Careful primer-design is important
for reducing primer-dimer formation (79). Furthermore, SYBR green binds to non-specific double
stranded DNA. As primer-dimers are double stranded, SYBR green will bind and give a fluorescent
signal. A probe based gPCR is more specific and will not bind to primer-dimers, eliminating them
from the gPCR results (80). The melting curve showed that both gene fragments were amplified,
which can prove that the QC values were obtained from both the HBB and HMBS amplicon. However,
the melting curves were not perfect in comparison with the used positive control. For the HBB gene,
the curves moved to a different temperature compared to the positive control. Different reasons can
possibly explain this. To begin, the cDNA synthesis of the positive control was performed in another
run then the three samples. Minor differences in the procedure could result in the small differences
in the obtained cDNA samples and consequently possibly also in the melting curves. In addition, the
positive control was obtained from a completely different disease, AML and from a different kind of
tissue, namely blood. Furthermore, the HBB gene has several splicing variants. Differences in splicing
variants can result in different amplicon lengths with different melting temperatures. To confirm that

the obtained melting curves originate from the HBB gene fragment, a gel electrophoreses or

30



sequencing analysis must be performed. As long as the peaks do not correspond entirely with the
positive control, there can be no direct conclusion about the detection of the targeted fragment. In
future experiments, specificity can be added by using probe-based qPCR (i.e. TagMan probe). The
SYBR green gPCR does not ensure whether the amplification reaction consists of target, non-target
or a mixture of both (78). However, within our objective it was mainly aimed to prove that cDNA
synthesis of our RNA samples is possible. Therefore, we can conclude that our RNA seems of sufficient
quality and quantity for successful cDNA preparations and downstream gPCR analysis. In future
research, the obtained potential therapeutic targets will be validated with a gqPCR in a larger cohort

study.

Quantseq analysis is a sequencing method that sequences libraries close to the 3’ end of
polyadenylated RNAs. Oligo dT primers will bind at the polyadenylated site of the mRNA. Only one
fragment per transcript is generated, so this can be directly linked to the number of reads mapping
to a gene to its expression. Whit classic whole RNAseq, mRNA is first fragmented and random primers
will be used for strand synthesis. Multiple fragments per transcript are generated. The advantage of
Quantseq over RNAseq is that fewer reads are necessary reducing the time for sequencing and the
price for sequencing. Quantseq is also less sensitive for RNA impurity. Whole transcriptome RNAseq,
however, detects 15% more differentially expressed genes compared to Quantseq (67, 70).
Differential gene expression analysis is important to determine new potential therapeutic targets for
patients with refractory ED. Quantseq analysis of six samples: three vascular samples and three
diabetic samples, showed a significant difference gene expression in three genes. These genes were
more expressed in the diabetic group than in the vascular group. The expression of ANGPTL4 is
upregulated in diabetic patients with ED compared to vascular patients with ED. ANGPTL4 is known
for its role in cancer, lipoprotein metabolism and glucagon-to-insulin regulation (71-73) and is mostly
expressed in the liver. The link with insulin metabolism may explain the increase in gene expression
in the diabetic group compared to the vascular group. ANGPTL4 is also known for wound heling in
diabetic mice. Chong et al. showed that ANGPTL4 stimulated the STAT3-mediated NO production
with angiogenesis and wound healing as a result (74). As NO production in CC is important (1, 19),
this gene may play a role in the regulation of this NO-production, because an increase in gene
expression was observed in diabetic patients. However, this gene has never been addressed before
in literature of (refractory) ED. Therefore, further research and pathway analysis is highly required
to further establish the possible role of this gene. RPL9 is a ribosomal protein, mostly expressed in
ovary or bone marrow. It is also known to be highly expressed in colorectal carcinoma (75).
Ribosome-related genes are associated with vasculitis (76). As vasculitis is a risk factor for ED (1,
21), the link between ED and RPL9 can possibly be found within this field of research. However,
again, there is still no knowledge in literature about its actions and role within CC or ED, nor with
diabetes. Further analysis is required. A third gene being significantly different expressed was
KANSL1-AS1. No knowledge is present in literature about the specific function of the gene. This gene
is known to be expressed in fat and spleen, but about its function not much is known (77).

Conclusively, also further research must be performed. Comparison with healthy controls will deliver

31



more information about the exact role of these genes in diabetes or ED and whether or not these

genes are also expressed in healthy controls.

In future research, 36 samples will be analysed. Five subgroups of refractory ED will be compared
with a healthy control group. It is expected that there will be differential gene expression between
the five subgroups and the healthy controls. Furthermore, differences in gene expression between
groups will also be expected, due to the different pathophysiology’s of the underlying diseases. In
addition, to be sure that one of this change in gene expression should be linked to ED and not to
diabetes, the comparison with these healthy controls will be very important. Conclusively, due to the
small sample size and the low number of genes significantly differentially expressed, pathway
analysis was not possible. In the future, when more samples are analysed, if more genes are
differentially expressed, pathways analysis will be performed to find new treatment options for these

patient groups with refractory ED.
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5 Conclusion and synthesis

Up to 40% of all ED patients do not respond to first-line treatment, such as Viagra®. They are often
destined to more invasive options, such as IPP. Five subgroups of patients with refractory ED are
men with diabetes, vascular dysfunctions, Peyronie’s disease, hypogonadism or a total
prostatectomy. These patients need non-invasive options, resulting in research searching for new
potential therapeutic targets. To find these therapeutic targets, CC was used to extract RNA. In our
biobank, CC is stored since 2010. However, little is known in literature about the ideal method to
extract RNA from CC. Conclusively, optimisation of the RNA extraction was performed. RNA quantity

and quality were determined.

Within this research thesis, our results proved that downstream application and further analysis of
the pathophysiological pathways involved in ED is possible with biobank-stored RNA/ater CC tissue
samples. CC tissue was ideally collected in RNA/ater to stabilize RNA. The homogenisation of CC
tissue was best using a mechanical homogenisation method, such as the GentleMACS. The best
method to extract RNA was with RNeasy mini kit in combination with the RLT buffer. For RNAseq,
samples need to be purified using the MinElute kit. Furthermore, the obtained quality and quantity
of this RNA is sufficient for qPCR analysis. Purified RNA samples can also be used in RNAseq

experiments, especially in Quantseq analysis.

Future research on searching for new potential therapeutic targets in ED is highly required. After this
research thesis, the RNA extraction and optimisation of CC tissue from refractory ED patients is
established. To be sure the time until processing does not influence the quantity and quality of RNA,
more samples must be compared in the future. In addition, a larger RNAseq experiment must be
conducted with the five known refractory groups compared to healthy controls, because new
therapeutic targets are necessary to treat these patients in a non-invasive way. Based on power
analysis, this research requires six samples in each group with a total of 36 samples. This larger
group of samples will enable us to get a deeper and broader view of the differential genes expressed
and to couple this to a pathway analysis. With pathway analysis, the exact role the genes within a
pathway will be clarified. Furthermore, RNA samples with a high RIN value (RIN >8) and a
0D260/280 and OD260/230 value above 1.5 can be used for whole transcriptome analysis, which
detects 15% more genes compared to the used Quantseq analysis (81). After RNAseq analysis, the
differentially expressed genes must be validated in a larger patient cohort with qPCR. To improve
the specificity of the gqPCR, a probe-based gPCR must be designed for the desired genes. In the
future, refractory ED patients may be helped in a non-invasive way using the new potential

therapeutic targets.
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Appendix Figure 1: Diagnostic decision tree for erectile dysfunction.

This decision tree gives an overview of the steps that are taken by doctors to
diagnose erectile dysfunction (ED). It always starts with a medical and
psychosexual history, using validated questionnaires. Next on, a physical
examination and laboratory tests can be carried out (21).
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