MALE REPRODUCTIVE SYSTEM

Intro

SRY (for sex-determining region of Y chromosome) 

Cluster of genes located on the short arm just outside the pseudoautosomal region of Y chromosome
master switch that triggers events that converts embryo into a male

Anti-Müllerian hormone causes degeneration of female specific structure (Müllerian duct) and development of male genitalia, without this gene, you get female structures instead

Homologous organs are left: ovaries and testes

Start in abdomen and begin to descend to pelvis – remain in pelvis (female), descend to scrotal sac (male)
Blood supply here unrelated to liver/portal circulation, will go through vena cava

External genitalia - homologues


clitoris and head of penis derived from same embryonic tissue 


labia minor and shaft of penis 


labia majora and scrotal sac 

The male genital system

Sperm

made in testes 

Maturation occurs in epididymis and vas deferens: by time sperm gets to ampulla of vas deferens the sperm should be fully mature

sperm motility / movement via peristalsis, including during ejaculation and not dependent on sperm itself 

Prostate, seminal vesicles and bulbourethral (Cowper’s gland): add fluid to seminal fluid 

Seminiferous vesicles: entire length is filled by tubes that make sperm 


peristalsis push towards tubula recta ( rete testis ( ductuli efferentes (all within testes)

· Epididymis ( vas deferens (find stereocilia: tall branching cilia that absorbs fluid; only place these are found) 

· Continues to mature throughout

· Spermatagonia: stem cell that gives rise to sperm cell; after mitosis, one daughter cell remains a stem cell and the other daughter becomes four sperm cells
· Sertoli cells: support sperm cell production 

· Leydig cells: produce testosterone
· Sperm stored in ampulla of vas deferens 
· Accessory glands: produce additional fluid for sperm 

Leydig cells
aka interstitial cells

located between tubes

produce testosterone 

steroid producing cells - testosterone cells 


if man takes exogenous testosterone decreases production here ( testicular atrophy
white spots - lipid droplets – characteristic of steroid producing cells
Sertoli cells: provide growth factors and nutrients for developing sperm cells

Spermatogonia: stem cells 

one daughter cells becomes primary spermatocyte, undergoes two rounds of meiosis to produce secondary spermatocytes ( early spermatid cells( late spermatid cells (1 primary spermatocyte (4 sperm)
Testes as well as ovaries are immune-privileged sites 


these organs don’t mature until puberty 

if B and T cells memory cells against them develop before puberty we could get antibodies made against them later on


blood-testes barrier formed by tight junction on Sertoli cells
Spermatogenesis

Start with half genetic material than normal 


pack DNA extremely tight: smallest human cell in body 
Head, middle and tail 


tail: similar to cilia, like a propeller 



takes a lot of energy, so have a lot of mitochondria 

Egg has tough shell 


sperm has to get through shell 


difficulty of process associated with single versus multiple fertilization of egg 

Head has digestive enzymes to bore through egg (theses are in the acrosome) 

Hypophyseal control of male reproduction

LH and FSH:

anterior pituitary hormones produced under influence of gonadotropin releasing hormone (GnRH)


hypothalamus produces GnRH ( anterior pituitary to produce LH ( stimulates Leydig cells to produce testosterone 

LH stimulates Leydig cells to produce testosterone 

FSH stimulates Sertoli cells to support sperm production (Sertoli cells also need testosterone) 

exogenous testosterone stimulates negative feedback of hypothalamus, decreases FSH and LH 


chronic exogenous testosterone ( testicular atrophy 

hCG (human chorionic gonadotropin)
if taking testosterone, will result in testicular atrophy 


take hCG (looks a lot like LH); stimulates Leydig cells to produce testosterone; 

if man takes a lot of testosterone it causes testicular atrophy; every couple months they have to stop taking testosterone or risk losing testicular function permanently

if he take hCG while taking testosterone, the hCG will stimulate Leydig cells to produce testosterone and he will not see the testicular atrophy; can stay on testosterone continuously
but he will test positive for pregnancy test.  hCG is banned by most athletic organizations. 
Hypothalamic-Pituitary- Axis

GnRH stimulates LH which binds to receptors and stimulate Leydig cells that produce testosterone which is going to drift over to the Sertoli cells which have FSH receptors, (FSH + testosterone will stimulate the Sertoli cells to support sperm production) 

Male abnormalities that we care about commonly involve the prostate

Benign prostatic hyperplasia

Compresses prosthetic urethra: 


slow flow, hesitancy starting urine flow, severe case - no urine flow 

Easy detection: digital rectal exam 

Does not invade, does not metastasize – it is benign, only problem is compression of urethra
Carcinoma of prostate
Invades, metastasizes 

Digital rectal exam, PSA (prostate specific antigen) questionable diagnostic value, but all we currently have.
Adult prostate

Central, transition and peripheral zone of prostate 

If growing in central zone: more apt to compress urethra 

BPH usually starts in central zone, compressing urethra fairly early in its progression
Carcinomas usually start in peripheral zone and can grow quite a bit before compressing urethra 


digital rectal exams will often detect prostate cancer before urinary problems are present
more aggressive forms found in younger men (50s) 

More men will die with prostate cancer than from prostate cancer, it’s usually slow growing
BPH – Benign Prostatic Hyperplasia
Big nodules 

Little blue slit: what is left of urethra


not painful urination, but very low flow rate 

Almost all men will get BPH if they live long enough
Prostate Cancer
Prostate gland: secretory gland that produces fluid that goes into seminal fluid 

anatomically distal, “off to the periphery,” so that compression of urethra takes time 

Epidemiology

US - Highest rate of prostate cancer in the world 


diet or exposure to toxins, or nutrient deficiency (e.g. selenium) 

Prostate cancer metastases
Lungs and liver - popular sites for all cancers 

Prostate cancer commonly metastasize to bone


more secondary bone cancers than primary bone cancers

Sexually transmitted diseases/infections (STD or STI)

Organisms that cannot survive outside of our body and must be transmitted via intimate contact
STD’s passed through sexual contact, needle sticks, any exchange of body fluids 

Syphilis – Treponema pallidum

Spirochetes – bacteria with very distinctive appearance under darkfield examination
causes small painful ulcerations
Genital Herpes – HHV-2

Once you get it, can’t get rid of it 

Takes residence in neurons 


if you get rid of the neuron it doesn’t get replaced 
similar to “fever sores” only on genitals
HSV (herpes simplex virus) and HHV (human herpes virus) same thing 


only 8 strains that cause human disease – HHV 1 = fever sores, HHV 2 = genital herpes 

Chancroid H. ducreyi

Bigger, deeper ulcerations 

Chlamydial cervicitis

2nd Leading cause for infertility in US (PCOS is 1st)
chronic chlamydial infections in fallopian tubes causes chronic inflammation and scarring, and eggs can’t passage through

Chlamydia is intracellular: difficult to culture (we now have an antibody test for it) 


mostly asymptomatic 


chlamydia was not seen as a major problem in the 50s 


1.2 million reported cases to CDC, ~100 million unreported cases (asymptomatic) 

public health officials (1950’s) went after gonorrhea and syphilis because it was a big problem and easy to test for, but chlamydia was difficult to culture and not considered a problem 

Condylomata acuminata—vulva and perineum

HPV (human papilloma virus) – there are over 100 HPV variants that cause human infections


HPV-1 – plantar warts on feet, HPV-2 – warts on hands, etc.


some HPV variants cause cervical cancer, others (e.g. 6, 11) cause genital warts

3 ways to get them off 


burn, freeze or acid

Neisseria gonorrhoeae (gonorrhea)

Trichomonas vaginalis

increases pH of vagina from ~3 to 5-6, allowing other opportunistic pathogens to survive

 Distribution of skin lesions of Sarcoptes scabiei infestation

Insect-like pathogen that infect warm, damp areas where you have tight garments, burrow into the skin – itching is biggest problem
Pubic or crab louse

Pubic lice and head lice are different species – itching is also biggest problem
FEMALE REPRODUCTIVE SYSTEM

Anatomy

Internal female genitalia and other pelvic organs

Anterior cul de sac – pelvic area immediately anterior to uterus
Posterior cul de sac – pelvic area immediately posterior to uterus
Ovary 

cortex and medulla 


eggs are in cortex (only use about 500 eggs in lifetime of the 2 million born with) the others are defective or aren’t used 

Every month about 2 dozen primordial follicles will start growing, for most women ONE will take over and suppress the other 


at mid-cycle follicle will rupture, egg released into pelvis, egg drawn into fallopian tubes and into the uterus, it goes 


fallopian tubes lined by cilia that create current moving things towards uterus 

Sperm ideally meets egg at ampulla of fallopian tube but can meet egg anywhere along the way 

Primordial Follicles: egg surrounded by single layer of squamous epithelial cells (born with about 2 million of these)


when pregnant with girl: woman carrying her child and half of each of her grandchildren 


one of the first things fetus does is nominate cells to be germ cells, want those eggs to be designated really early and shut down their mitochondria 

Each cycle, about 2 dozen of primordial follicles start developing 


become secondary follicles: as one egg gets a lead over the others, it secretes factors that suppress others, and develops into a Graafian (mature) follicle – fluid-filled follicle with egg
mid cycle: surface will rupture (ovary not covered by capsule), egg released into pelvis, fallopian tube catches and draws it in 

Development of an Ovarian Follicle
Egg is largest single nucleated cell in body (largest multi-nucleated is skeletal muscle cell) 

Primary follicle has cuboidal or columnar cells around egg at this point

Innermost layer are granulosa cells 

Outer most are theca cells (have theca interna and theca externa) 

Cumulus oophorus: cells surrounding the egg that remain surrounding egg even after release

“Follicle of month” becomes the corpus luteum (yellow body) which produces primarily progesterone after ovulation, if fertilization does NOT occur the corpus luteum degenerates into corpus albicans

 at autopsy you can count number of corpus albicans = number of times woman ovulated

biege area inside is whole egg 

green in center is nucleus of egg: making a lot of protein 

once released, egg will not have access to more nutrients until it implants in endometrium (~1 week, has a lot of cell cycles to go through before then) 

increased protein synthesis because once its released its not going to have access to anymore nutrients 

antral follicle

Antrum: fluid 

Granulosa: closest to egg – converts androgens to estrogens (mostly estradiol)
Theca interna: adjacent layer of steroid producing cells (lots of white stuff: lipid molecules to produce androgens that drift to granulosa cells that convert them to estrogen; primarily produce estradiol) 


at mid cycle estrogen spike causes follicle to rupture 

Theca externa: connective tissue 

Hypothalamic-Pituitary- Axis

LH stimulates theca cells to produce androgens, 

FSH stimulates granulosa cells to convert androgens to estrogens and to support egg development 

The menstrual cycle

Think of cycle as two phases: pre-ovulatory and post-ovulatory 

Pre-ovulatory (follicular phase/proliferative phase): follicle developing and endometrium proliferating (regrowing)

Post-ovulatory (luteal phase/secretory phase): after ovulation the follicle becomes corpus luteum, endometrium awaits implantation
mid cycle: rupture, egg release, follicle becomes corpus luteum and then corpus albicans, if egg not fertilized 

Q: “Are follicles that don’t make it first time around eligible to be picked next cycle?”

if each one could try again, we wouldn’t need 2 million follicles (probably one shot, but this is an open issue) 

Hormonal control of ovarian functions

FSH stimulates follicle to grow, follicle is producing estrogen which is stimulating the egg, estrogen also gets in the blood 


Negative feedback to hypothalamus decreases FSH and LH (regulation) 

mid cycle: estrogen will have positive feedback on hypothalamus and get powerful spike of FSH + LH (and estrogen) at mid cycle causing release of egg 

exogenous estrogen: inhibits FSH, less estrogen production, less estrogen for egg, egg won’t develop, there will be no mid cycle spike (mechanism of birth control) won’t get ovulation


add progesterone to dosage so that endometrium will grow, as well as placebo pills stopping progesterone and causing the shedding of the endometrium

After ovulation luteinizing hormone (LH): causes follicle of the month to turn into corpus luteum which produces estrogen and progesterone 

Progesterone: supports endometrium, when progesterone is withdrawn, endometrium sloughs off 

If fertilization occurs and there is implantation, “placenta” will produce hCG: hCG will continue stimulating production of progesterone – hCG looks like LH
Fun fact: a woman burns roughly 1 lb of fat a month to carry out cycle 


women hit menopause: gain weight 


women go on birth control: gain weight (not as fast as post-menopausal women)

Scanning electron micrograph of an ovary

Follicular cell: normal epithelial cell roughly same size as any other cell in body 

Surface of egg: zona pellucida shell outside of the egg, what the sperm has to get through, (sperm needs those digestive enzymes, has to be difficult to avoid more than one sperm getting through) 

Chorion (the fetal contribution to the placenta) produces hCG which stimulates corpus luteum to produce progesterone if fertilization occurs 

Corpus luteum, if implantation: production of hCG promotes more production of progesterone to keep producing progesterone for a bit until placental production of progesterone kicks in 

Histology of uterine epithelium

Endometrium: innermost layer of the uterus made up of tall columnar cells

When fertilized egg (now blastocyst) implants, it will initially receive all nutrients through diffusion from endometrium (through secretory follicles) 

Relative structures of glycoprotein hormones

hCG binds to LH receptor 

Can’t use LH for pregnancy because everyone would test positive 

hCG when pregnant, chorionic material in uterus making hCG
Gonadotropes through the ages
In utero and early after birth have high levels of LH and FSH – supporting sexual differentiation
LH & FSH low during childhood, follow cyclic pattern after puberty 
As follicles get used up, harder and harder to find good follicles 

FSH and LH start increasing with each cycle trying to find the remaining follicles 

Post menopause: FSH and LH stay high in women – while estrogen & progesterone fall
Cross section of uterus, fallopian tube, and ovary

Cervix means “neck” 

Columnar cells in uterus 

Stratified squamous in vagina 

Transition occurs in cervix 

Cervical Cancer
HPV exposure rate is millions of ppl per year, most ppl clear them on their own 

Small number become persistent 


6 and 11 cause warts 



16 and 18 AND OTHERS increase risk of mutations and have greater chance of developing cancer cells 

Of the millions of exposures we get 5,000/yr metastasis 

Vaccine: prevents viral infection 

Essentially 100% of cervical cancers associated with HPV 

Can develop same cancer in anus, vagina, penis, mouth and throat, etc. related to HPV
Cervical carcinoma

Treatment: surgery 

Pap smear

Necessary even with the vaccine because still ~30% of HPV not covered by vaccine, can still cause cancer 

Looking for dysplastic cells (cells with large nuclei) 

The potential origins of endometrial material and sites of endometrial implantation

endometrial cells outside of the endometrium will still grow each month and attempt to slough off 

Caused by endometrial tissue spreading into pelvis or abdomen – usually spreads via retrograde movement through fallopian tubes
Black spots: examples where endometrial cells are growing 

Adnexa: next to 


everything attached to uterus (fallopian tubes, ligaments, ovary) are adnexa

Tissue can also spread other ways 


edometrial tissue can get into the blood and spread elsewhere (anywhere in the body)

Treatment: birth control pills (reduce production of endometrium and if don’t take placebo will not have menstruation) 

Leiomyomas (uterine fibroids)
benign tumor of the smooth muscle 

uncomfortable and have tendency to bleed 

Fairly common 

Don’t have tendency to become cancerous 

Increase with age 

If post-menopausal and bothersome just remove the uterus 

Severe versions may not be viable with pregnancy 

Leiomyosarcomas: the malignant version, much less common (cancer of smooth muscle)

Endometrial cancer
Cancer of epithelial layer 

The most common cancer of female reproductive tract 

Lower death rate than most cancers 

Clinical finding: bleeding, happens mostly in post-menopausal women so easy to diagnose 

Uterine Prolapse
If muscle and ligament layer weakens uterus can start to fall out 

Cystocele and Rectocele
Result of weak muscles or loss of suspensory ligaments 

Cyctocele: bladder prolapse 

Rectocele: rectal prolapse 

Salpingitis (salpinx = fallopian tubes)
Salpinx: tube that is open on both ends (eustachian tube; and fallopian tube) 

Inflammation of salpinx 

Infection 

Usually part of PID (pelvic inflammatory disease); caused by endometriosis, chlamydia, gonorrhea, TB infections 

Most common site of ectopic pregnancy is fallopian tubes, and damage to fallopian tube increases chances of ectopic pregnancy (chronic inflammation leads to scarring and egg unable to get through, but sperm is small and can still travel through)  

2nd leading cause of infertility in US is Chlamydia 

Pelvic inflammatory disease
Inflammation of either or both of fallopian tube or ovary (difficult to distinguish between inflammations of these areas) 

Polycystic Ovarian Syndrome (PCOS)
Lead mature follicle doesn’t rupture, end up with grown mature follicles that don’t rupture and end up with cysts 

High LH but low FSH 

LH stimulates androstenedione but not converting all of it because not enough FSH 


androstenedione gets into circulation ( women starts growing facial hair, we can convert androgens to estrogens ( converted to estrone (type of estrogen) in peripheral fat, negative feedback to hypothalamus – represents “enough” estrogen and decreases FSH, but the 
estrogen is NOT in ovary 


Get enlarged ovaries, excessive androgens, irregular or no menstruation  

Usually happens in obese women with high insulin levels, metabolic syndrome, diabetes 

Treatment: put on birth control to regulate levels of LH and FSH, numerous other treatments
Ovarian Tumors
Surface epithelial cells: account for about 90% of ovarian cancer 

Hits women at any age 20+ but does tend to increase with age 

High death rate because of late detection 

usually detected very late – can progress pretty far before it is palpable and the woman realizes there’s a problem 

Normal size of ovary is about a peanut – can increase quite a bit before it’s noticeable
If cancer is producing hormones: you are lucky because will produce symptoms earlier 

Women with BRCA1 mutation have greatly increased lifetime risk 

Teratoma

Teratoma: germ cell tumor, don’t become cancerous at high rate 

Germ cell doesn’t want to be a germ cell but rather a whole person – will partially differentiate
Can occur at any age, typically in young ppl who are born with them 

Can grow hair and teeth 

usually NOT cancerous, and rarely become malignant 

Can occur in men or women (germ cells that are designated to become spermatogonia can do this in males) 

Ectopic pregnancy
Any pregnancy outside the body of the uterus 

None of these sites are adapted to meet demands of growing fetus 


unable to support a placenta 

Will not go to term due to insufficient blood supply

Will destroy whatever tissue it resides in

Can destroy fallopian tube and potentially cause exsanguination (extreme pain and bleeding to death) 

Lower abdominal pain (which could also be appendicitis) ALWAYS test for ectopic preg

Hydatidiform mole (Molar pregnancy)
Complete mole: Egg has NO maternal DNA, two sperm get in and provide all DNA (have 46 chromosomes) diploid paternal DNA 


produces a lot of hCG, can grow quite large

no fetus – looks like a snow storm on ultrasound

molar pregnancy treatment: cut it out

Partial mole: normal egg, but two sperm get 69 chromosomes (triploid fetus) 


do have a fetus, not viable – rarely go to term, don’t survive long if born
Occur in 1:1,000 pregnancies in US 

Pre-eclampsia

fairly common – 5 – 10 % of pregnancies

Triad: HTN, proteinuria and edema 

HTN: ~130/90 not that high 


BP should fall in pregnancy 

Chorionic villi bore into endometrium and nutrients from maternal circulation diffuses into chorion and carried to fetus, if didn’t penetrate as far ( less surface area ( less diffusion ( less nutrients to fetus 


as fetus develops at fast rate, nutrient demand is high, in third trimester placenta can’t give it enough nutrients, assumption that placenta isn’t getting enough maternal blood flow so cranks up the BP to try and get more 

Proteinuria: BP isn’t high enough to cause this, something else causes proteinuria 

Enough protein lost in urine ( edema 

Eclampsia: involves seizures and can be fatal 

Normally problem goes away after birth 


if it happens at week 35, premature delivery is the solution
Diagnosis of amenorrhea

Don’t want to leave molar pregnancy intact (it has high rate of becoming cancerous) 

High prolactin: nursing does suppress menstruation but have to lactate a lot (high levels of prolactin can shut off menstruation, if high levels when not lactating (  look at sella turcica for possible pituitary tumor) 

When hit 10% body fat: menstruation becomes irregular 


protective mechanism: need ~one pound of fat/month to carry out cycle, pregnancy will need way more energy – if starving, don’t get pregnant
TSH: if high, probably looking at hypothyroidism – test thyroid panel
If you give progesterone for a week, endometrium builds and then you withdraw it, pt should bleed (know uterus is fine, outflow track is fine ( know she is not ovulating) 

if FSH and LH are high: problem in ovary (what happens in menopause) 


could also be Turner’s (if she has never had a period) 

if FSH and LH low: possible problem with anterior pituitary – look at sella turcica, again
Breast cancer
About half will be in upper outer quadrant (tail of Spence) 

Most breast cancer is ductal carcinoma 

Women with BRCA1 mutation have lifetime risk of 85% 

the other 15% either die of something else first or have radical prophylactic mastectomies

Lymphatic drainage of the female breast
If gets to axillary lymph nodes ( have to remove lymph nodes and get lymphadenopathy/ lymphedema ( edematous arm
Invasive ductal carcinoma

Can get fat necrosis in breast that attracts calcium and causes calcifications that are benign but show up on mammograms 

