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Pregnancy Specific Biological Substances: A Biological Waste?

In ancient mythologies, be they from Greece, India  or  China, there are stories of kings and emperors seeking the

‘fountain of youth’ or ‘pearls’ that would rejuvenate them. The so-called Philosopher’s Stone that medieval alchemists

searched for fruitlessly, was supposed to not only turn any substance into gold, but also to prolong life and restore youth.

Ancient Indian sages practised ‘Siddha Vaidya’ as well as ‘trantric’ methods for the same reason. In contemporary

times, with a better understanding of the human body down to cellular structures and the DNA along with a better

knowledge of debilitating diseases and their impact, scientists are looking not at rejuvenation but regeneration.

A natural effect of aging is degeneration; every organ in a human body degenerates as it ages, leading ultimately to,

as they say, death due to old age. Congenital defects and damage can also affect organs like the liver, heart or the kidney,

causing loss of function. Diseases like Parkinsonism or diabetes also cause specific organs to dysfunction. Many of these

diseases are also associated with aging and in today’s world, improved healthcare has resulted in increasing longevity.

Many significant human diseases arising from the loss or dysfunction of specific cell types in the body, such as Parkinson’s

disease, diabetes and cancer, are becoming increasingly common. So far, there had been no reprieve from such debilitating

diseases or from damage caused by burns or other accidents. Today, however, a new branch of medicine, Regenerative

Medicine, shows much promise.

The term probably comes from a 1992 paper of Leland Kaiser, “The Future of Multihospital Systems”, where in

a paragraph sub-titled ‘Regenerative Medicine’, the author noted that a “new branch of medicine will develop that

attempts to change the course of chronic disease and in many instances will regenerate tired and failing organ systems”

(Kaiser L. Top Health Care Finance, 1992 Summer; 18:4: 32-45). With work on stem cells getting a new boost in recent

years, the process of regenerating dysfunctional and aging organs appears to be no longer a myth but a reality.

Regenerative medicine refers to that branch of medicine which deals with living functional tissues that help to repair

or replace damaged or aging tissues, thus regenerating the organ concerned. Research in this field includes cell therapy

involving stem cells or progenitor cells, induction of regeneration by biologically active molecules, tissue transplantation,

tissue engineering and the use of cord blood, to mention a few.

Regenerative therapies have been demonstrated (in trials or in the laboratory) to heal broken bones, burns, blindness,

deafness, heart damage, nerve damage, etc. It has the potential to cure diseases through repair or replacement of

damaged, failing or aged tissue. Therapies include regeneration of tissues in vitro for future use in vivo as well as direct

placement and regeneration of tissue in vivo. However, this are of medicine is still in its infancy despite the strides made

in the last decade. Much of the work is still confined to animal or laboratory models. The next few years are critical as

more and more human trials are undertaken and the true potential of this emerging branch of medicine is expressed.

The present topic has broadened the focus to include a variety of pregnancy induced biological substances that

have the potential in healing and regeneration, for instance, the stem cell-rich amniotic fluid, the cytokine rich placenta

and its stem cells, the chorionic and amniotic membrane and the veins of the placental cord. These items which are

discarded after birth have been found to have regenerative potential in many diseases and damages to tissues and organs.

Scientists from all over the world are researching on pregnancy specific biological substances on the simple logic that
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these are the substances which help a zygote to become a full-grown neonate capable of independent survival after birth.

It promises to be an eye-opener to the enormous potential of hitherto discarded material that had been so far considered

as a pure biological waste. The book will have served its purpose if it acts as a stimulant to professionals and clinical

scientists who can build on the knowledge and expand the curative potential of pregnancy-specific biological substances.

Niranjan Bhattacharya

DSc (Med Sci), MD (Obstet Gynaecol), MS (Gen Surg),

FSOG (Canada), FICS, FACS (USA), Editor, Medical Glory,

Kolkata 700106, Head of the Department and Dr Subhas

Mukherjee Chair Professor, Department of Regenerative

Medicine and Translational Science and Director

General of the Public Cord Blood Bank and

Convenor, Dr BC Roy Biorepository,

Calcutta School of Tropical Medicine,

Kolkata 700073
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Nupur Das1, Tarasankar Bag2, Pallab Kumar Mistri3, Tapan Kumar Naskar2, Monalisa Neogi1, Prabodh S

Soreng3

Abstract:

Polycystic ovarian syndrome (PCOS) is one of the most common endocrine disorders in women of

reproductive age, affecting 5 to 10% of women worldwide. It is multifactorial and polygenic and the exact cause

remains obscure. The main goal of obstetrician is to reduce the cardiovascular morbidity, morbidity associated with

hyperandrogenaemia and hyperinsulinaemia. In the present study a total of 100 cases were selected. One group

(group A) consisting of 50 patients had received treatment with atorvastatin 20 mg daily along with low dose

desogestrel containing combined oral contraceptives (COC) for 12 weeks and  the other group  (group B) comprising

50  patients  who  received treatment with low dose desogestrel containing combined oral contraceptives (COC)

alone for 12 weeks. Each patient had received treatment for 12 weeks. But 10 patients (4 from group A and 6 from

group B) dropped out and other 2 blood samples from group A were inappropriate for study. Ultimately evaluation

was limited to 44 patients in each of the two groups.

In this study, in group A (atorvastatin+desogestrel containing low dose combined oral contraceptive pills)

25 patients (56.8%) had oligomenorrhoea before commencement of treatment. Among them 100% improved

after treatment with atorvastatin and COC and in the group B (desogestrel containing low dose combined oral

contraceptive pills)  also 25 patients (56.8%) were oligomenorrhoeic and all 25 (100%) of them showed improvement

after treatment. In the amenorrhoeic patients of both the groups ie, treatment with atorvastatin and COC therapy

and only COC therapy cure rate was 100%. Obesity was present in 38.6% and 6.8% of group A and group B

respectively.  And all of them who were obese reduced weight after treatment with atorvastatin therapy, 66.67%

patients in COC group reduced weight after therapy. After treatment with atorvastatin acne was improved in

67.74% out of 70.4% which is significant reduction and with only COC acne was improved in only 27.77% out of

63.7%. Significant reduction of hirsutism and acanthosis nigricans were also observed in 65.38% (for both the

variables) after treatment with atorvastatin in patients having  hirsutism  and acanthosis nigricans but  0% reduction
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Introduction:

Polycystic ovarian syndrome (PCOS) is one of the

most common endocrine disorders in women of

reproductive age, affecting 5 to 10% of women

worldwide1. It is a multifactorial and polygenic disease, of

which insulin resistance and oxidative stress is now thought

to be the key causative factor. It is characterised by

excessive androgen production by the ovaries, anovulation

and/or polycystic ovaries which interfere with the

reproductive, endocrine and metabolic functions.

The majority of women with PCOS (approximately

60-85%) exhibit gross menstrual dysfunction specially

oligomenorrhoea and amenorrhoea with clinical features of

hyperandrogenism (hirsutism, acne, androgenic alopecia),

acanthosis nigricans, obesity, infertility due to chronic

anovulation. Long term risk includes endometrial

hyperplasia, endometrial cancer, type-2 diabetes,

hypertension and dyslipidaemia.

In 1935, Irving F Stein and Michael L Leventhal first

described a symptom complex associated with anovulation.

A  conference, cosponsored by the European Society for

Human Reproduction and Embryology (ESHRE) and the

American Society for Reproductive Medicine (ASRM),

convened in Rotterdam, the Netherlands, in May 20032,

concluding that the diagnosis of PCOS should be based on

at least two of the three major criteria, including (i) oligo/

anovulation, (ii) clinical or biochemical signs of

hyperandrogenism and polycystic ovaries (as identified by

ultrasonography), also excluding other androgen excess

disorder. In 2006 androgen excess and PCOS Society

(AE-PCOS) concluded the diagnostic points requiring first

and foremost by (i) hyperandrogenism (hirsutism and/or

hyperandrogenaemia), (ii) ovarian dysfunction (oligo/

anovulation and/or polycystic ovaries) and (iii) exclusion of

other androgen excess or related disorders3.

Although it has been revealed that hyperandrogenism

and insulin resistance (IR) lies at the core of the

pathophysiology4 of PCOS, it is generally accepted that

PCOS is not a specific endocrine disease. Insulin resistance

causes impaired response of glucose to insulin stimulation

Key words: Polycystic ovarian syndrome (PCOS), combined oral contraceptives (COC), statin, atorvastatin,

hyperandrogenaemia, hirsutism.

noted  after only COC therapy. Though after treatment, mean values of BMI, waist/hip ratio was reduced in atorvastatin

group, it was not statistically significant (p-value=0.1,  p-value=0.58 respectively).  Serum FSH, LH/FSH ratio

showed significant reduction (p=0.04, p=0.006) after treatment with atorvastatin.  Fasting blood glucose level was

reduced more with atorvastatin therapy than COC alone (p-value=0.003). Though in this study it has been shown

that atorvastatin + COC therapy is no better than COC therapy alone in reducing fasting insulin (p=0.99),  HOMA-

IR is just significant (p = 0.05). There is significant reduction in testosterone, cholesterol and triglyceride levels in

women having PCOS and being treated with atorvastatin therapy along with combined oral contraceptive pills than

patients who received only COC (p=0.000, p=0.001, p=0.03 respectively).  Mean value of HDL improved after

treatment with atorvastatin (p=0.000). LDL level was not improved more with atorvastatin therapy than COC alone

(p=0.32). Ultrasonographic changes did not show any difference after treatment with both the groups.

Due to better therapeutic efficacy, atorvastatin therapy along with low dose COC pills may be regarded as a

better alternative than low dose  COC pills alone in the treatment of  PCOS patients. There is a need for further

research to be performed with large sample sizes and well-designed randomised controlled trials (RCTs) to assess

clinical outcomes.
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in skeletal muscle, increase hepatic glucose production as

well as lipolysis5. Though postreceptor dysfunction in the

pathway in the insulin activity has been mentioned as the

cause of insulin resistance, the exact reason for such

dysfunction remains a mystery till date6.  Insulin resistance

and compensatory hyperinsulinaemia accelerate the effect

of luteinising hormone (LH) on ovarian theca and androgen

synthesis7,8 which inhibits ovulation through cessation of the

follicular maturity process9. The resulting anovulation causes

hyperoestrogenism and these women are at a higher risk

for endometrial cancer10. Acceptance of this syndrome as

a singular clinical entity led to a rather rigid approach to this

problem for many years. It is better to consider this problem

as one of persistence anovulation with a spectrum of

aetiologies and clinical manifestations that now includes

insulin resistance, hyperinsulinaemia, hyperandrogenism,

oxidative stress, as well as dyslipidaemia4.

Hyperinsulinaemia leads to hypertension and an increased

risk of coronary heart disease; a direct relationship exists

between plasma insulin levels and blood pressure11,12.

Resistance to insulin is further associated with increased

triglyceride and decreased HDL-cholesterol levels, which

is a potent combination that promotes coronary heart

disease13. Insulin resistance and compensatory

hyperinsulinaemia accelerate the effect of LH on ovarian

theca and androgen synthesis7,14 which inhibits ovulation

through cessation of follicular maturity process15.

PCOS is a polygenic disease which has various

treatment modalities with varying success rate.

Pharmacotherapy or surgical procedures or combined

treatment of PCOS, all have their advantages and

disadvantages and no treatment can give 100% success till

date. There are different modes of treatment with varying

success rate ranging from medical to surgical and combined

procedures, like COC, metformin, clomiphene citrate, n-

acetyl cysteine, anti-androgen, and laparoscopic ovarian

drilling.  Laparoscopic  ovarian  drilling  has  high recurrence

rate. Routine treatment with metformin is difficult to justify

in those women with PCOS, who does not have insulin

resistance. Oestrogen progesterone contraceptives may

decrease insulin sensitivity or glucose tolerance.

Statins may offer a promising new approach to the

treatment of PCOS at risk for developing diabetes and

cardiovascular disease. Several studies show that statins

are highly effective in patients with PCOS who are non-

desirous of pregnancy. PCOS is associated with increased

risk of cardiovascular morbidity, morbidity associated with

hyperandrogenaemia and hyperglycaemia, whereas statins

are proven to reduce cardiovascular mortality and morbidity

through lipid lowering and perhaps through their pleiotropic

effect. Statin can also reduce testosterone by inhibiting

ovarian theca interstitial cell proliferation and steroidogenesis

and reducing inflammation11.

Statin can also be an important drug in patients with

PCOS who are prone to suffer from metabolic syndrome.

Unfortunately this drug is not safe in pregnancy. So we have

to restrict its use in them who are not willing to have

pregnancy. Statin reduces total cholesterol, LDL, VLDL

level by their lipid lowering effects. Statin also reduces

testosterone levels and inflammatory markers of PCOS

patients like C-reactive protein, thus treats PCOS effectively.

The aims of the study is to evaluate the effects of statin on

clinical features of PCOS like acne, hirsutism, weight gain,

oligomenorrhoea or amenorrhoea, etc, and  to note the

changes in biochemical markers of insulin resistance like

fasting insulin, fasting glucose, fasting glucose/fasting insulin

ratio, homeostatic model of assessment of insulin resistance

(HOMA-IR) index. The changing effect on hormone levels

like LH, FSH, testosterone and ultrasonographic changes

of ovaries were also studied.

Materials and Methods:

The randomised controlled study was carried out in

the department of obstetrics and gynaecology, Medical

College, Kolkata from June 2012 to May 2013. The study

was conducted after obtaining clearance from ethics

committee. An informed consent was taken and signed by

them before recruitment. Among total 100 women with

PCOS who were not desirous of pregnancy and fulfilling

inclusion criteria, 50 women who agreed to be treated  with

atorvastatin and OCP (low dose desogestrel containing

COC) were selected for cases (group A) and 50 women
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treated with OCP (low dose desogestrel containing COC)

alone were selected for the control (group B) for this study.

The unmarried women suffering from PCOS, as per

Rotterdam criteria, who agreed to take either OCP or drugs

of similar composition or married women suffering from

PCOS who agreed to delay pregnancy by OCP and

completed their family wanting treatment for PCOS were

included in this study. Pregnant women, women desiring

pregnancy or associated with comorbid gynaecological

conditions like endometriosis, fibroid uterus, cervical

pathology, etc, women with active liver disease, myopathy,

acute renal failure, congenital adrenal hyperplasia were

excluded from the study. Detailed history taking with special

reference to menstrual abnormality and clinical examination

including presence of  hirsutism, acne, acanthosis nigricans,

etc, and measurement of height, weight, BMI, blood

pressure, waist size, hip size, waist /hip ratio was done.

The systemic examinations (abdominal, respiratory system,

cardiovascular system, central nervous system) were done.

Endocrinological parameters (on the 2nd day of

menstruation) such as fasting glucose (mg/dl), fasting insulin

(mU/ml), FSH (mIU/ml), LH  (mIU/ml), LH-FSH ratio,

total testosterone (ng/ml), HOMA-IR (glucose X insulin /

450) and metabolic parameters such as lipid profile

(cholesterol  (mg/dl), HDL (mg/dl), LDL (mg/dl), TG (mg/

dl) were noted. Ultrasonographic evaluation of pelvic organs

was also done. PCOS was diagnosed with oligo and/or

anovulation, evidence of hyperandrogenism (clinical /

biochemical) after exclusion of other causes of

hyperandrogenism and ultrasound appearance of polycystic

ovaries (12 or more follicles measuring 2-9 mm in diameter

and/or increased in ovarian volume >10cm3) was done on

USG machine, Toshiba made, model (Xario) using  TVS

probe 5MHz microconvex transvaginal probe.

Measurement of height was done by stadiometer. The

patients should stand with bare foot. Her buttocks, shoulder,

occiput and both heels should touch the scale. The  head

should  be  held erect with eyes aligned horizontally and ear

vertically without any tilt. Height was measured in

centimetres. Measurement of weight was taken by spring

balance type of owing machine with bare foot and normal

dress. It is measured in standing position. BMI was

calculated (BMI = weight in kg/ height in metre2). Blood

pressure was measured with the help of sphygmomanometer

(mercury columned). Waist to hip  ratio had been calculated

after measuring waist circumference between pelvic brim

and costal margin, while hip circumference has been taken

at the level of greater trochanter. Waist to hip ratio >0.85

has been considered abnormal, while <0.85 has been

considered normal. Clinical assessment of acne and hirsutism

was done by Leeds acne grading technique and assessment

of hirsutism has been done by Ferriman-Gallwey score.

Baseline biochemical and hormonal tests had been done

on 2nd day of cycle, after spontaneous menstruation or

withdrawal bleeding with oral medroxyprogesterone

acetate. The samples had been taken after 8 hours of

overnight fasting and collected in sterile glass tubes. FSH

and LH (mIU/ml) had been measured by immunoreactive

multianalysis. Total testosterone level (TT) ng/ml, FBS (mg/

dl) and fasting insulin (mU/l) level had been measured by

means of enzymatic colorimetric and EIMA respectively.

Homeostatic model of assessment of insulin resistance

(HOMA-IR) index had been calculated through the formula

(glucose x insulin)/405. Other laboratory investigations such

as lipid  profile were  measured,  also HDL, LDL,

triglyceride levels were measured.

After taking proper history, performing clinical

examinations and laboratory evaluations OPD patients

having previous mentioned exclusion criteria had been left

out. Then the patients had been divided  into  two  groups

considering  the  similarity  of  compound  confounding

variables  and  randomised  in  order  to  minimise  the

effects  of  confounding  factors  through  a  randomised

method. Cases have been randomly assigned to either group

A (atorvastatin + COC) or group B (COC alone).

All the patients have been advised to avoid any

changes in their lifestyle like physical activity, nutrition, etc,

and not to undergo any new pharmacotherapy during the

study. Cases have been randomly assigned to either group

A (atorvastatin + COC) or group B (COC alone). One

group  (groupA)  consisting  of  50  patients  had received

treatment  with atorvastatin 20 mg daily along with low dose

EVALUATION OF THE EFFECTS OF STATINS IN WOMEN –DAS  ET AL   95



desogestrel containing COC  for 12 weeks  and  the other

group B comprising 50 patients who received treatment

with low dose desogestrel containing COC alone  for 12

weeks.  Each patient has received treatment for twelve (12)

weeks. The patients who came with normal menstrual history,

the treatment has been started from 1st day of menstruation.

The patients, who came with history of amenorrhoea or

oligomenorrhoea, had undergone urine for pregnancy test.

When the urine for pregnancy test became negative, the

patients had undergone progesterone withdrawal bleeding

and treatment had been started from 1st day of withdrawal

bleeding.  At the end of treatment, they have been evaluated.

Clinical changes were noted. Biochemical and hormonal

tests have been repeated. Ultrasonography has been

repeated again.

The data analysis has been conducted by SPSS

version 16.00.  Comparison  of  the  effects  of  statin  on

patients  with  PCOS  has been done  by unpaired ‘t’ test.

Comparison  of  qualitative  parameters  before  and  after

treatment  with  statin + COC and  COC alone  has been

conducted  by  Chi-square  test.  A ‘p’ value less than 0.05

has been considered statistically significant.

Results:

A total of 100 patients were included in the study.

One  group  (group A)  consisting  of  50  patients  had

received  treatment  with atorvastatin 20 mg daily along

with low dose desogestrel containing  COC  for 12 weeks

and  the other group B comprising  50  patients had  received

treatment with low dose desogestrel containing COC alone

for 12 weeks. Each patient had received treatment for twelve

(12) weeks.But 10 patients (4 from group A and 6 from

group B, dropped out and other 2 blood samples from

group A were inappropriate for study). Ultimately evaluation

was limited to 44 patients in each of the two groups.

The statins + COC and COC alone groups were

homogenous, considering their basic characteristics such

as weight, height, body mass index (BMI) and waist to hip

ratio (W/H ratio).  Homogenecity had also been observed

as their clinical features  had been taken into consideration

namely, oligomenorrhoea, amenorrhoea, acne and

hirsutism. Both the groups were also similar in biochemical

markers like fasting insulin, fasting blood glucose, glucose/

insulin ration, HOMA-IR  index, etc. Hormonal profile like,

FSH, LH, LH/FSH ratio, total testosterone, were also

similar in both the groups. All the patients in both groups

had ultrasonographic feature of polycystic ovaries.

In group A out of 44 patients, 19 patients (43%) did

not have oligomenorrhoea and  25   patients (57%) who

had oligomenorrhoea before starting treatment, got

improved after treatment with statin + OCP therapy. In group

B out of 44 patients 19 patients (43%) did not have

oligomenorrhoea and 25 patients (57%) who had

oligomenorrhoea before treatment,got improved  after

treatment with OCP only therapy (p-value 1.000). In group

A (n=44), 32 patients (73%) did not have amenorrhoea

and 12 patients (27%) who had amenorrhoea before

treatment  had been improved after treatment with statin +

COC treatment. In group B (n= 44) 35 patients (80%) did

not have amenorrhoea and 9 patients (20%) had  improved

after treatment with only combined OCP (p-value 0.453).

In group A, 27 patients (61%)  did not have obesity and 17

patients (39%) who were obese before commencement of

treatment had shown improvement with statin treatment. In

COC only group, 41subjects (93%) were not obese/

overweight. Three subjects were obese before treatment,

of  whom 1 (2%) of them did not show any improvement

after treatment and 2 (5%) of them had shown improvement

after treatment with only COC therapy (p-value <0.000).

The study revealed that in statin+COC group (group A)

acne was present in 31 patients before treatment among

which 21 (48%) of patients had shown improvement after

treatment. In COC only group it was present in 28 patients

before treatment among which 5 (11.4%) of them had

improvement after treatment. In this study out of 44 patients

of  statin + COC group 18 (41%) did not have hirsutism,

so 26 of them had hirsutism. In 17(39%), hirsutism had

been improved and in 9 (20%)  no improvement was there.
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In group B, 21 (48%) had this and none of them showed

any improvement (p-value 0.000). We can see out of 44

patients of statin + COC group 18  subjects  (41%) did not

have  acanthosis nigricans, 17 (39%) of  them improved

and  9 (20%) of them did not show any improvement  in

statin +COC group. In COC only group 28 subjects (61%)

did  not have acanthosis  nigricans, 17 (39%) had this  and

none of  them showed any improvement (p-value 0.000).

In group A  patient’s testosterone level improved  after statin

therapy in 38 (86%) and  6  (14%) of  them showed  no

improvement. In COC only group only 22 (50%) women’s

testosterone level had been improved.  In  this study

improved means testosterone levels  reduced from

pretreatment level (p-value 0.000, odd’s ratio 6.33). In

group A, 39 (89%) women’s cholesterol level improved

after treatment with statin+COC therapy. In COC only

group 25 (57%) women’s cholesterol level improved after

treatment with COC only therapy (p-value 0.001). With

COC+statin  treatment in group  A, 42 (95%) women’s

HDL level improved. In  group B,  27 (61%) women’s

HDL level improved  after treatment  with COC only  therapy

(p-value 0.000, odd’s ratio 13.22). With COC+statin

therapy, 38 women (86%) of  group A showed improved

USG  changes (p-value 0.113, odd’s ratio 2.37). In group

A, testosterone level improved in  38 patients (86.36%)

out of  44 patients. Six  (13.63%)  patients  did not  improve.

In group B, testosterone level improved in 22  patients

(50%) out of 44,  22 patients (50%) had not improved. In

the statin+COC group cholesterol level improved in 39

patients (88.63%) out of 44 patients, 5 patients (11.36%)

had not improved. In group B, after treatment cholesterol

level improved in 25 patients (56.81%) and 19 patients

(43.18%)  had not improved with COC only. In the group

statin + COC, BMI  improved in 22 patients (50%) out of

44 and the rest did not. In COC only group BMI improved

in only 20 patients. In the statin+COC group BP improved

in 13 patients (29.54%) out of 44 patients. In 31 patients

(70.45%) BP had not improved with statin +COC whereas

in COC only group only 6 patients’ (13.63%) BP had

improved out of 44 patients. Rest 38 patients (86.36%)

BP had not improved. In the statin+COC group FSH had

improved in 24 patients (54.54%) out of total 44 patients

whereas remaining 20 patients (45.45%)did not improve

with statin+COC. In case of  COC only group 33 patients

(75%) improved regarding FSH with COC only out of 44

patients, whereas 11  patients (25%) did not. In the stain

+COC group LH level improved in 35  patients (79.54%)

out  of  44 patients, whereas  remaining 9 patients (20.45%)

did not improve with statin+ COC. In case of COC only

group 41 patients (93.18) improved  regarding LH level

out of  44 patients, where as 3(6.82%) did not. In  statin

+COC group the LH/FSH ratio improved in 28 patients

(63.63%) , whereas 16  patients’ (36.36%) LH/FSH ratio

did not improve with statin+COC. In case of COC only

group 39 patients (88.63%) improved regarding LH/FSH

ratio, whereas 5 patients (11.36%) did not. In statin+COC

group HDL level improved in 42 patients (95.45%) out of

44 patients whereas 2 (4.54%) patient’s HDL did not

improved with statin+COC. In case of COC only group

27 patients (61.36%)  improved regarding HDL level, but

17 patients (38.63%) did not. In statin+COC group

triglycerides level improved in 38 patients (83.36%) out of

44 patients whereas 6 (13.63%) patient’s triglycerides level

did not improve with statin+COC. In case of COC only

group triglycerides level improved in 28  patients (63.63%),

but 16  patients (36.36%)  did not.

Discussion and Conclusions:

PCOS is not a specific endocrine disorder having

a unique cause. Polycystic ovaries and the clinical features

of PCOS reflect a functional derangement in follicular

development resulting chronic anovulation.

Hyperandrogenism is a major feature of PCOS resulting

primarily from excess androgen production in ovaries due

to increased LH and insulin stimulation. The androgen and

insulin combined to inhibit hepatic SHBG production,

EVALUATION OF THE EFFECTS OF STATINS IN WOMEN –DAS  ET AL   97



yielding increased free androgen which aggravates underlying

insulin resistance in a self propagating positive feedback

loop that can increase in severity over time.

In one study conducted by Sathyapalan et al15, 80

PCOS patients (40 for each of two groups) recruited and

one group received atorvastatin 20 mg twice daily and one

group received placebo for 12 weeks. After 12 weeks there

was a significant reduction in low-density lipoprotein

cholesterol (2.9+ 0.2 versus 1.8 + 0.2 mmol/l, p < 0.01),

triglycerides (1.34 + 0.08 versus 1.08 + 0.13 mmol/l, p

<0.01) and insulin resistance as measured by homeostasis

model assessment for insulin resistance (HOMA-IR) (3.3

+ 0.4 versus 2.7 + 0.4).

In  Table 1, it has been shown that serum FSH, LH/

FSH ratio  showed significant reduction (p=0.04,p=0.006)

after treatment with atorvastatin. There is significant

reduction in testosterone and cholesterol levels in women

having PCOS who were being treated with atorvastatin

therapy along with COC pills than patients who received

only COC (p=0.000, p=0.001, p=0.03 respectively).

Testosterone value reduced 6.33 times more in group A

than in group B. Mean value of HDL improved after

treatment with atorvastatin (p=0.000, odd’s ratio 13.22).

Ultrasonographic changes did not show any difference

between two groups (p -value 0.113, odd’s ratio 2.37 and

Chi-square value 2.51).

In a meta-analysis16 where 4 RCTs  were included,

3 out of 4 studies were double blinded. This meta-analysis

showed that statins can reduce the concentration of total

testosterone, cholesterol, TG and LDL. However, it cannot

be concluded that statins have long-term benefit. Though in

this study LDL level is not significant  and  in the present

study we have done comparison between atorvastatin and

COC versus COC alone. But in this study comparison

had been done between atorvastatin and placebo.

In  a  prospective, randomised  trial17 48 women

with PCOS  were randomised to a statin group (simvastatin,

20 mg daily plus OCP; n = 24) or  an OCP group (OCP

alone; n = 24).This small study shows that after 12 weeks

of treatment, serum testosterone  levels declined by 41% in

the statin group and by 14% in the OCP group. In the statin

group, there was a greater decrease of LH (43% decrease

versus 9% in the OCP group) and a greater decline of LH/

FSH ratio (44% versus 12%). In the statin group, total

cholesterol declined by 10% and low-density lipoprotein

(LDL) by 24%. In the OCP group, total cholesterol

increased by 8%, and LDL was  unchanged.

In this study among lipid profile serum triglyceride,

cholesterol showed significant after atorvastatin treatment

and others like LDL did not show any improvement after

statin therapy over COC alone therapy. Naval et ai18

conducted a randomised clinical trial to see therapeutic

effects of biguanide versus statin in PCOS. In the statin

group the lipid profile status (abnormal total cholesterol,

high and low density lipoproteins), hyperinsulinaemia,

severity of acne and menstrual abnormalities improved

significantly after treatment  (p<0.05). The improvements

in serum total cholesterol (p<0.001), low density lipoprotein

(p<0.001), CRP (p<0.001) and acne status (p = 0.04)

were significantly superior in the statin receivers.

In Table 2 post-treatment observed difference and

standard error of mean has been shown of acne, hirsutism,

acanthosis nigricans. In statin group 21 (67.74%) out  of

31 patients who had acne had shown improvement after

therapy and in COC alone group 5(17.85%) out of 28 had

shown improvement. In patients of statin group who had

hirsutism and acanthosis nigricans 17(65.38%) out of 26

of them had shown reduction. And in COC alone group

there is no improvement. So, post-treatment observed

difference of acne, hirsutism, acanthosis nigricans were

49.89, 65.38 and 65.38 respectively. Now according to

formula of standard error (SE) of difference between two

proportions ( ) the

calculated SE was 11.08, 9.32 and 9.32 respectively (Table 2).

98       MEDICAL  GLORY, VOL 1, NO 2, APRIL-JUNE, 2017



Table 2 –  Post-treatment Observed Difference and SE of Mean in Acne,

Hirsutism and  Acanthosis Nigricans

Table 1 –  Association between Variables Influencing the Outcome of Treatment in the Two Different

Groups ie, Statin+COC and COC Alone (n = 88)

*“Nil”is for qualitative data and “not improved” is for continuous data.

At the end of the study statin + COC group and COC alone group FSH, testosterone, cholesterol, HDL were significantly

different (p <0.05)
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Variables Group No of cases Chi-

square 

P-value Odd’s ratio 

Improved
 

Nil/not 

improved
* 

 

Oligomenorrhoea  Statin+COC 19 25 0.000 1.00 1 

COC 19 25 

Amenorrhoea  Statin+COC 32 12 0.563 0.453 0.686 

COC 35 9 

Obesity  Statin+COC 27 17 15.72 0.000 NA 

COC 42 2 

BMI  Statin+COC 22 22 0.182 0.66 1.20 

COC 20 24 

BP  Statin+COC 13 31 3.28 0.07 2.656 

COC 6 38 

FSH Statin+COC 24 20 4.03 0.04 0.40 

COC 33 11 

LH Statin+COC 35 9 3.47 0.06 0.28 

COC 41 3 

LH/FSH ratio Statin+COC 28 16 7.56 0.006 0.224 

COC 39 5 

Testosterone Statin+COC 38 6 13.41 0.000 6.33 

COC 22 22 

Cholesterol Statin+COC 39 5 11.22 0.001 5.92 

COC 25 19 

HDL Statin+COC 42 2 15.10 0.000 13.22 

COC 27 17 

USG changes Statin+COC 38 6 2.51 0.113 2.37 

COC 32 12 

 

Variables Standard error of 

difference between two  

proportions in terms 

of improvement 

Observed difference 

between the two 

proportions in terms 

of improvement  

Significant/not 

(p-value 

<0.05) 

 

Acne 11.08 49.89 Significant 

Hirsutism  9.32 65.38 Significant 

Acanthosis nigricans 9.32 65.38 Significant 

 



therapy and in COC alone group 5(17.85%) out of 28 had

shown improvement. In patients of statin group who had

hirsutism and acanthosis nigricans 17(65.38%) out of 26

of them had shown reduction. And in COC alone group

there is no improvement. So, post-treatment observed

difference of acne, hirsutism, acanthosis nigricans were

49.89, 65.38 and 65.38 respectively. Now according to

formula of standard error (SE) of difference between two

proportions ( ) the

calculated SE was 11.08, 9.32 and 9.32 respectively, (Table

2).

So, here the observed  difference is more than twice

of the SE and that is why the difference is statistically

significant, which means  statin  along with COC pills therapy

is  a better  than combined oral contraceptive pills alone in

treating hyperandrogenaemia, thus PCOS. However, it

cannot be concluded that statins have long-term benefit. A

large-scale, randomised controlled study is needed to

ascertain this uncertainty.

Finally it may be concluded from the results of this

study that atorvastatin + COC group (group A) is better

than COC alone group (group B) for the improvement of

clinical features like acne, hirsutism, acanthosis nigricans

(p<0.05 in all variables). Atorvastatin along with COC is

also better in improving hormonal and biochemical markers

like FSH,LH/FSH ratio,fasting blood glucose, testosterone,

cholesterol, triglycerides and HDL level. In all other

variables there is reduction from pretreatment values after

treatment with both the groups but none was statistically

significant and no group is better than other in improving

these variables.
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Mupirocin Resistance among Staphylococcal Isolates in Eastern India
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Abstract:

Mupirocin is an effective antibiotic for elimination of methicillin-resistant Staphylococcus aureus (MRSA)

from nasal colonisation. Mupirocin-resistant (MupR) strains are grouped as low-level resistant (MuL), or high-

level resistant (MuH). MupR has been associated with the failure to clear the organism in patients. Studies have

shown that patients colonised with MuL isolates and receiving nasal decolonisation were at increased risk of treatment

failure compared with those colonised with fully susceptible isolates. Institutions, considering the implementation of

widespread mupirocin use should consider these resistance issues.

The aim of this study is to detect and distinguish between the different levels of mupirocin resistance among

different clinical staphylococcus isolates.

Two hundred thirty-seven non-duplicate staphylococcal isolates were tested for mupirocin susceptibility

using 5 and 200µg discs and by agar dilution. Staphylococci with MICs of  < 4 µg/ml, 8-256 µg/ml and  >512µg/

ml were considered as “susceptible”, “low level resistant,” and “high level resistant” respectively.

Mupirocin resistance was observed in 4.3% of methicillin resistant Staphylococcus aureus (MRSA) and

31.6% of methicillin resistant coagulase negative staphylococci (MRCoNS). Most of the mupirocin resistance was

observed in burns isolates.

Information from clinical laboratories regarding the level of mupirocin resistance is important in the management

of decolonisation. The high incidence of MuH could be due to the practice of blanket treatment with mupirocin

ointment in burns wards. The high incidence of mupirocin resistance in MRCoNS could indicate a reservoir of

mupirocin resistance in CoNS, which could be transmitted to MRSA strains, if necessary steps for the rationale use

of mupirocin are not put into practice.

Key words: High level and low level mupirocin resistance, methicillin-resistant Staphylococcus aureus (MRSA), methicillin

resistant coagulase negative staphylococci (MRCoNS).
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Introduction:

Staphylococcus aureus is a major pathogen

responsible for various community-acquired and nosocomial

infections, including bacteraemia, pneumonia, skin and soft

tissue infections, and osteomyelitis1. Mupirocin is an

antimicrobial that inhibits the synthesis of bacterial proteins

by competitive inhibition of bacterial isoleucyl-tRNA

synthetase. Mupirocin was approved for decolonisation of

the anterior nares as part of a comprehensive programme

to control the introduction and spread of methicillin resistant

Staphylococcus aureus (MRSA) in healthcare facilities2.

The increased use of this antibiotic has been accompanied

by outbreaks of MRSA resistant to mupirocin, although

the frequency of resistance is still low3,4.  The level of

mupirocin resistance is related to alterations in IleS gene.

Low-level resistance is probably due to mutations in a

chromosomally encoded IleS gene, is stable and non-

transferable. High-level resistance has been shown to be

due in vivo to the acquisition of an additional novel IleS3.

Low and high-level resistance have been detected in both

S aureus and coagulase-negative staphylococci (CoNS) 4.

In most cases, low-level resistance to mupirocin is related

to alterations in the host IRS. The clinical isolates resistant

to a high level of mupirocin contain two distinct IRS enzymes:

endogenous IRS plus an additional IRS encoded by the

ileS-2 gene3,4. Nasal application of mupirocin at clinically

effective concentrations may result in the presence of low

levels of the antibiotic in the pharynx, which could induce

or select for the emergence of mupirocin resistant MRSA5.

With the increased use of mupirocin, two different

groups of mupirocin-resistant MRSA clones have emerged:

those with high-level resistance (>512 µg/ml) MuL and those

with low-level resistance MuH (8 to 256 µg /ml) 2,6,7. With

the concomitant use of 5 and 200 ìg mupirocin discs,

microbiological laboratories can easily differentiate between

MuL and MuH strains6,7. The importance of detection of

high-level resistant strains is that, they are more likely to be

associated with clinical and microbiological failure3,8. Studies

suggest that mupA gene which is known to encode for

mupirocin resistance is transferred from Staphylococcus

epidermidis to MRSA during mupirocin prophylaxis9. There

is evidence for the conjugative transfer of mupirocin

resistance from Staphylococcus epidermidis to S aureus

in a clinical situation following mupirocin treatment3,10. The

increasing prevalence of transferable mupirocin resistance

among CoNS species could be an important threat to the

future use of mupirocin against MRSA3. In most of the

hospitals having infection control protocols, the mode of

eradication of nasal carriage is the nasal application of

mupirocin in both patients and healthcare workers especially

in the wards associated with high prevalence, like the burns

wards. But with the recent documentation of high level

resistance to mupirocin in different parts of India, this study

was undertaken to find out the level of mupirocin resistance

in different clinical staphylococcal isolates to find out whether

this blanket application of mupirocin could have led to an

increased incidence of mupirocin resistance in different

staphylococcal clinical isolates.

Materials and Methods:

Staphylococcocal isolates from different clinical

samples such as pus, blood cultures, burn wounds,

endotracheal tubes and urine were included in the study

(Table 1). Isolates were identified as S aureus or coagulase-

negative staphylococcus spp by routine microbiological

procedures11. Methicillin resistance was detected by using

cefoxitin (30µg) discs, and antimicrobial susceptibility

performed  as per Clinical Standards Laboratory Institute

(CLSI) 2010 guidelines by disc diffusion method12. The

isolates were tested for the following antibiotics: ciprofloxacin

(5 µg), clindamycin (2 µg), cotrimoxazole (1.25/23.75 µg),

doxycycline (30 µg), erythromycin (15 µg), gentamicin (10

µg), linezolid (30 µg), mupirocin (5 and 200 µg), penicillin

(10 units), rifampicin (5 µg) and vancomycin (30 µg). D

zone test was done to determine inducible resistance to

clindamycin12. A zone diameter of greater than or equal to
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14 mm for both 5 and 200 µg discs were considered to be

susceptible for mupirocin. Isolates that showed zone

diameters less than 14 mm in the 5 µg disc but more than or

equal to 14 mm in the 200 µg disc were considered to be

MuL strains. All isolates with zone diameters less than 14

mm for both 5 and 200 µg were considered to be MuH

strains12.
 
MIC for mupirocin was determined by a

standardised agar dilution method11 on Mueller-Hinton agar

with final mupirocin (HiMedia) concentrations that ranged

from 0.016 to 1024 µg/ml. Staphylococci requiring

concentrations of mupirocin of  <4 µg/ml for growth

inhibition were considered as “susceptible,” those requiring

concentrations of 8-256 µg/ml for inhibition as with “low

level resistance,” and those requiring concentrations of  >512

µg/ml as with “high level resistance”9. S aureus  ATCC

25923 was used as the control.

Results:

Among the 237 non-duplicate staphylococcal isolates

included in the study, a total of 195 S aureus isolates and

42 CoNS isolates were included in the study (Table 1).

Among the 195 S aureus isolates, methicillin resistance was

noted in 47.7% isolates, almost similar resistance rates were

observed in CoNS (45.2%) also. Mupirocin resistance was

observed in isolates showing methicillin resistance only, with

4.3% MRSA isolates showing mupirocin resistance, while

a much higher rate of mupirocin  resistance of 31.6% was

noted in MRCoNS. High level mupirocin resistance was

observed in only one isolate of MRSA (1.1%) showing

high level of mupirocin resistance, while a much higher rate

of 26.3% MRCoNS isolates showed high level mupirocin

resistance.

Most of the methicillin resistant isolates were from

surgical site infections (63.4% of MRSA and 52.6%of

MRCoNS) followed by burn wounds (16.1% of S aureus

and 42.1% of CoNS) (Table 2). Mupirocin resistance was

noted in only MRCoNS isolate from surgical site infections,

while rest of all the isolates of mupirocin resistant MRSA

and MRCoNS were from burns ward patients. Rest of the

isolates from blood, endotracheal tube, sputum and urine

did not show any resistance to mupirocin.

Inducible clindamycin resistance was noted in 16.9%

isolates. Inducible and constitutive clindamycin resistances

were found to be higher in MRSA as compared to MSSA

(22.6% and 11.8%, respectively). Linezolid, vancomycin

and rifampicin were found to be 100% sensitive across all

staphylococcal species. As all the  isolates which showed

mupirocin resistance were methicillin resistant, so they were

Table 1 – Comparison of Mupirocin Resistance with Methicillin - resistant Isolates of S aureus  and

Coagulase Negative Staphylococcus  spp
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Micro-

organism 

Total 

isolates 

Mupirocin 

sensitive 

Mupirocin 

resistant 

MuL (%) MuH (%) 

S aureus (n=195): 

  MRSA 93 (47.7%) 89 (95.7%) 4     (4.3%) 3 (3.2%) 1 (1.1%) 

  MSSA 102 (52.3%) 102 (100%) Nil Nil Nil 

  Total 195 191 4 3 (1.5%) 1 (0.5%) 

CoNS (n=42):  

  MRCoNS 19 (45.2%) 13 (68.4%) 6   (31.6%) 1 (5.26%) 5 (26.3%) 

  MSCoNS 23 (54.8%) 23 Nil Nil Nil 

  Total 42 36 6 1 (2.4%) 5 (12.0%) 

 



all resistant to β lactams, but they were also resistant to

many classes of non-β lactam drugs like cotrimoxazole,

doxycycline, erythromycin and clindamycin (either inducible

or constitutive).

The MIC of all the MuH isolates was found to be

greater than 1024 µg/ml by agar dilution method, while the

MIC values of mupirocin-sensitive isolates were between

0.5 and 1 µg/ml. Four MuL staphylococci were detected

by disc diffusion (ie, isolates that were resistant to 5 µg

mupirocin disc but sensitive to 200 µg mupirocin disc) and

by agar dilution method (MIC of 8-256µg/ml).

Discussion:

MRSA is reported in many countries with different

frequencies: UK 0.3%, Malaysia 2.8%, India 6%, Greece

4.4%, and Korea 5%, but it appears to be increasing

worldwide13,14 .

In this study, 4.2% of the total 237 isolates were

found to be resistant to 5 µg mupirocin discs (MuL strains).

Table  2 – Samplewise Distribution of the Isolates Showing Mupirocin Resistance in

Mupirocin Resistant Isolates

Six (2.5%) of the total  237 isolates were found to be

resistant to both 5 and 200µg mupirocin discs. These isolates

were classified as high-level mupirocin resistant

staphylococci (MuH). These included 5 strains (12.0%) of

CoNS and one strain (1.1%) of S aureus. Mupirocin

resistance was found only in methicillin-resistant strains.

Thus, 4.3% of MRSA and 31.6% of MRCoNS were

mupirocin resistant in this study. This high incidence of

mupirocin resistance in CoNS is similar to the findings of

Yun et al4
.
 There are few studies documenting mupirocin

resistance genes13
.

Mupirocin resistance was noted only in methicillin

resistant strains in this particular study. The connection

between methicillin and mupirocin resistance has also been

reported previously4,13. The  ileS-2 gene was detected in

all of the high-level resistant isolates in these previous studies.

Thus, the acquisition of an additional gene, ileS-2, appears
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resistance in CoNS, which may be the reservoir of mupirocin

 

 

 

Sample 

 

Total  Sensitivity to 

mupirocin 

 MuL  MuH 

 MRSA 

(n=93) 

MRCoN

S 

(n=19) 

   MRSA MRCoNS  MRSA MRCoNS  MRSA MRCoNS 

Surgical site  

  infections 

59 

(63.4%) 

10 

(52.6%) 

59  

(100%) 

9  

(90%) 

Nil Nil Nil 1 

Blood 12  

(12.9%) 

2 (10.5%) 12 

 (100%) 

2 

 (100%) 

Nil Nil Nil Nil 

Endotracheal  2 

(2.2%) 

Nil 2 

 (100%) 

- Nil - Nil - 

  tube 

Burn wound 15 

(16.1%) 

8 (42.1%) 11 

(73.33%) 

3 

(37.5%) 

3 1 1 4 

Sputum 3 

(3.2%) 

Nil 3 

(100%) 

_ Nil - Nil - 

Urine 1 

 (1.1%) 

1 

 (5.3%) 

1 

(100%) 

1 

(100%) 

Nil Nil Nil Nil 

 



to be the major mechanism for the high-level mupirocin

resistance4. As the high level mupirocin resistance is carried

on plasmids, therefore the chance of spread in closed

communities could pose serious problems in the future.

All the mupirocin resistant MRSA isolates were from

burn patients, while 83.3% (5/6) MRCoNS isolates with

mupirocin resistance were burns isolates, which is a

significant finding in this study. The reason behind the

mupirocin resistance among these isolates could be the

blanket treatment of healthcare workers as well as patients

for MRSA carriage3. In Australia, when high level of

mupirocin resistance was observed, it was suggested that

the high-level resistance is occurring in organisms from burns

treated in the community, either frequently or for prolonged

periods leading to measures like less than 10 days treatment

and allowing at least 1 month between treatments3,15

 
. A

reversal of mupirocin resistance was observed in Western

Australia after the introduction of restrictions on mupirocin

use. There is no role for its application to uninfected skin

lacerations or surgical wounds in previously well individuals.

There may be a role for intranasal application of mupirocin

prophylactically in selected pre-operative patients like

advocating prophylactic peri-operative mupirocin use for

documented S aureus carriers rather than for all patients

having surgery3,15.  MRSA eradication strategies should be

designed carefully with reliable laboratory screening for

resistance and periodic antibiotic prescribing and infection

control audits. In this way, if resistance does emerge, it is

more likely to be detected rapidly and action taken early

and effectively to minimise spread. Prolonged or widespread

‘blanket’ use of mupirocin in hospital or closed community

outbreaks must be stopped3.

Mupirocin resistance in the staphylococcus isolates

was found to be associated with methicillin resistance,

thereby making the β lactams ineffective. Besides the β

lactams thee isolates were also found to be multi drug

resistant, showing resistance to cotrimoxazole, doxycycline,

erythromycin and clindamycin (either inducible or

constitutive). Cadilla et al16 also observed a similar

relationship between MRSA carriage of mupA with

multidrug resistance. The association between mupA

carriage and  gentimicin and cotrimoxazole might be due to

the fact that these resistance determinants were carried

together on the same plasmid. As the number of mupirocin

isolates in this study was very small, that is why no statistical

association could be inferred16.

Conclusions:

To conclude, the association between mupirocin

resistance and multidrug resistance has important clinical

implications. The fact that the genes for high level mupirocin

resistance is carried on plasmids, warrants important steps

to prevent the spread of resistance in the community as

well, leading to loss of another important drug in our

armamentarium. In burns wards, where widespread

colonisation with MRSA is prevalent, other drugs in rotation

with mupirocin can be used, along with routine surveillance

cultures for detection of the susceptibility pattern of the

colonisers. With the community acquired MRSA gaining

importance, this type of transferrable resistance could have

devastating influence in the future.
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Academic Performance and Background: Study on Undergraduate

Medical Students

Introduction:

Prevalence of stress amongst the medical students is

drastically high around the globe1. Mental and academic

statuses are closely allied. Medical students may face

different challenges that could exert an effect on their

academic performance. Most of the medical students

manage these challenges successfully. But some of them

are less proficient to take these challenges. Academic

success in the early years of medical school is considered

to be significant predictor of future successful doctor, on

the other hand, poor performance in preclinical years have

been found to be associated with serious professional

misconduct in later practice2.

Lack of performance as compared to others always

leads to immense mental pressure. Higher stress leads to

depression which in turn leads to poor result, drop out and

suicidal tendencies. Of those who had wanted to die

proportionally more had thought about it longer3. This

depression and anxiety of student life is carried into their

professional career affecting the population. So it is important

to identify the factors influencing academic performance. It

will be beneficial to the at risk students by providing timely

academic assistance, which in turn will be beneficial for the

society in the long run.

Recent literature reviews4,5 suggest that a student’s

academic performance depend on several influencing

Originals and PapersOriginals and PapersOriginals and PapersOriginals and PapersOriginals and Papers
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factors. The effect of attendance, gender, age, previous

academic performance, interest in the subject, English

proficiency on students’ academic performance is well-

established among medical students and students of other

professional courses as well. The effect of these factors on

Indian medical students received only isolated reflections

in the literature.

Hence, we attempted to understand the reasons

behind varying academic performance. While investigating

the same in our setting, we tried to identify some additional

factors that could also be affecting the performance of the

students.

Materials and Methods:

The study was conducted for consecutive two

academic years (2012-2013 and 2013-14) at a rural

medical college of West Bengal. The study population

consists of 211 students (78 female and 133 male) of 1st

year medical undergraduate class. The study  was  approved

by the Institutional Ethics Committee and informed consents

were obtained from the students.

Academic performance in anatomy was measured by

the percentage of total marks obtained in the first and second

semester examinations (both theory and practical including

viva). Students who didn’t appear for the examinations were

excluded from this study. This information was collected

from departmental academic records. Information relating

to attendance was collected from department attendance

register.

Structured questionnaires asking for information about

possible factors that may affect academic performance were

distributed among students. The factors and their categories

were – Overall  attendance (>75%/ <75%), gender (female

/ male ), age ( teenager < 20 years / older > 20 years),

previous  academic performance  based on class XIIth

board examination marks ( XIIth marks > 75% / XIIth

marks < 75% ),  students’ place of residence (hostel aid /

day scholar), English proficiency based on class XIIth English

marks ( satisfactory > 60 % / not satisfactory < 60 % ),

preclinical subject liked most as an indicator of subject

interest ( anatomy / other).

 The information collected, marks scored in the

examination and attendance recorded were analysed by

SPSS 16. Factors that may be affecting performance were

analysed  by  applying the Student’s ‘t’ test. Two-tailed p <

0.05  is to be considered significant. We also looked at the

odd’s ratios as a measure of association of these factors

with academic success (anatomy marks > 50%).

Distribution of students in the different categories was

looked at applying a Chi-square to test the association.

Univariate analysis was conducted to determine individual

contribution of the above mentioned variables. Then a

multiple regression analysis of average anatomy marks as

the dependent variable along with factors found significant

by two independent sample ‘t’ tests  as indicator covariates

was done.

Results:

The factors which significantly affected students’

performance were gender, age, previous academic

performance  and English  proficiency  (Table 1). Comparing

mean marks in the two categories of each factor, females

scored significantly more mean marks than males (p <0.05),

teenagers scored more than the older students (p <0.05),

students who did better in their XIIth board examinations

did better in anatomy as well (p<0.05) and students with

satisfactory English proficiency did better than those who

had language problems (p<0.05). However residence,

preference for anatomy over other preclinical subjects,

overall attendance did not show significant difference.

The odd’s ratio was highest for those with better

English comprehension, followed by younger age, females

and better pre-admission academic performance (Table 2).

The multiple regression model with good previous

academic performance, younger age (teenagers), female

sex, satisfactory English proficiency explained 42 % of the

variation in average marks (adjusted R2  0.39). There was

significant positive correlation of marks with female gender

(p<0.001) and English proficiency (p<0.01), so these are

the two significant predictors of performance (Table 3).

Discussion:

The  problems of  rapid population growth, inadequate

medical professionals and rapid growth of medical colleges

are not unique to India6. It has thrown up challenges to

maintain uniformity of educational standards. The present
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study attempted to find out early in the academic year the

factors which affected students’ performance for timely

remedial.

 The findings regarding effect of overall attendance

on academic performance are not in harmony with another

study7.  However Roy and Chadalawada8  opined students

often skip classes in pre-examination period to utilise this

time for more intensive study. This result may also be due

self  regulated  learning  of  motivated  students.

The  result of this study showed performance between

day scholar students and their colleagues with hostel aid

was not significantly different. The reason for this, though

not investigated in this study, could be because of the other

factors which come into consideration in a rural medical

college. As majority of the students were hostel aid, most

Table 1 – Comparison of Academic Performance (Anatomy Marks) in Different Categories by the

Student’s ‘t’ Test

Table 2 – Comparison of Performance in Different Categories by the Odd’s Ratio
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to compensation by other factors  like  student’s  skill  and
of them may have urban background and good English skill,
making them competitive with their day scholar colleagues.

Factors Subgroup Sample 

size 

Mean 

marks 

Mean 

difference 

t-value P-value 

(two 

tailed) 

 

Significance 

(at p < 0.05) 

 

Overall      

   attendance 

>75% 131 55.01 3.16 

 

1.88 0.062 Not significant 

<75% 80 51.85 

Previous                

   academic    

   performance 

Good 184 54.51 5.36 

 

3.11 0.002 Significant 

Poor 27 49.15 

Gender Female 78 57.71 6.19 5.23 0.000 Significant 

Male 133 51.52 

Residence Day scholar 24 54.39 0.65 0.07 0.944 Not significant 

Hostel aid 187 53.74 

Preclinical subject  

   liked 

Anatomy 56 55.85 2.78 1.31 0.192 Not significant 

Other 155 53.07 

Age Teenager 149 55.79 6.74 5.46 0.000 Significant 

Older 62 49.05 

English 

   proficiency 

Satisfactory 146 56.53 8.84 7.23 0.000 Significant 

Unsatisfactory 65 47.69 

 

Factors Subgroup Odd’s ratio P-value 

Overall attendance <75% 1.94 0.06 

>75% 

Previous academic performance Good 3.27 0.001 

Poor 

Gender Female 5.41 0.000 

Male 

Residence Hostel aid  0.13 0.896 

Day scholar 

Preclinical subject liked Anatomy 1.72 0.085 

Other 

Age Teenager 5.72 0.000 

Older 

English proficiency Satisfactory 7.49 0.000 

Unsatisfactory 

 



The  weaker performance of the older students agrees

with the findings of many other international  study9 which

cited motivational problems, low pre-admission skill and

other responsibilities as some of the reasons. The strongest

predictor of performance in this study was English language

proficiency, which is in agreement with another study10 in

India. The Medical Council of India has also advocated

English elective classes for students coming from the non-

English medium schools.

Another strong predictor of performance was female

gender. One international11 and one national10 studies have

reported better performance by female students, attributing

reasons like aggressive or unprofessional behaviour being

more in males. In this study, female students were more

than males, indicating medicine emerging as a popular career

choice for females in India.

Conclusions:

The present study identifies vulnerable students with

poor English expertise and weaker pre-admission need

timely specific assistance and counselling. Older age group

who may have weaker pre-admission  skill continued their

weaker performance in postadmission. Female students

were leading to give the sign of the changing social trend

from classroom to the country.

The present study has some limitations. We have not

taken account of many factors such as medium of schooling,

socio-economic status or rural-urban background, etc. So

there is always a possibility that all or some of these factors

have contributed to these results. There may be some other

anonymous factors which may act as confounder. Taken

together, we need to perform a more comprehensive

evaluation taking into account of more variables with

increasing the population to predict the outcome more

accurately.

Table 3 –  Regression Coefficients for Anatomy Marks versus Factors Affecting Performance
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Factors Univariate analysis  Multivariate analysis 

β t-value p-value  β t-value p-value 
Previous academic 

performance 
4.63 2.87 < 0.01 

 
2.24 1.75 

< 0.05 

Age 6.75 4.05 < 0.01  5.43 4.12 < 0.01 

Gender 6.85 3.96 < 0.01  4.82 3.44 < 0.01 

English proficiency 15.30 8.30 < 0.01  12.63 7.31 < 0.01 

 



Development of the Human Foetal Testis up to the Second Trimester

MP De Miguel, R González-Martín, M Nistal

1. Human Bipotential Gonadal Specification:

The gonad is generated from the genital ridges,

which consist of somatic cells (mainly Sertoli, Leydig and

peritubular myoid cells) and germ cells. The genital ridges

are then colonized by primordial germ cells, which migrate

from the extraembryonic mesoderm next to the allantois,

and which are distributed homogeneously at this time in the

genital ridge. Until the 7th week of gestation, the gonad is

bipotential both in its somatic and germ cell compartments1,

and it is only after the 8th week that the testis is specified2.

1.1. Somatic cells –  During embryonic development,

in both sexes, mesonephric mesenchyme and thickening

of the coelomic epithelium contribute to the evagination

of the genital ridge from the mesonephros. The genital

ridges are generated by proliferation of the coelomic

epithelium that delineates the mesonephros (Fig 1, H &

E)3. Expansion is produced by a) the invasion of the

coelomic epithelium, b) the recruitment of cells from the

mesonephros itself and c) cellular proliferation. Sertoli

cell (SC) precursors located in the coelomic epithelium

will migrate deep into the gonad4,5, a migration favored

Index:

1. HUMAN GONADAL BIPOTENTIAL SPECIFICATION

1.1.  Somatic cells

1.2. Germ cells specification, migration and proliferation

2. HUMAN TESTICULAR DEVELOPMENT UP TO THE SECOND TRIMESTER

2.1. Growth and differentiation of testicular cords (Sertoli cells)

2.2. Gonad colonization by germ cells and establishment of germ stem cells

2.3. Peritubular cells

2.4. Interstitium: Leydig cells, macrophages, nerve cells, endothelial cells

2.5. Supporting structures: tunica albuginea and interlobular septa
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by the temporal discontinuity of the basal membrane4,5.

Interestingly, the Sry/Sox9 axis also activates

transcription of the type II collagen gene6. Conversely,

extracellular matrix components regulate the maintenance

of Sox9 expression7. In addition, Sox9 induces

proliferation of the coelomic epithelium to generate

additional Sertoli cell precursors as well as the

differentiation of these precursors into proper Sertoli

cells8. There are several other molecules implicated in

this outgrowth, including FGFs, Shh, Wnts and BMPs9.

Pre-Sertoli cells originated in this coelomic epithelium

proliferation maintain a high rate of cell division,

stimulated, among other factors, by the expression of

the Sry gene10.

In the process of converting the urogenital ridge in the

bipotential gonad, various genes are involved (Fig 2),

among them the Wilms’ Tumor Suppressor Gene (WT1),

which is expressed primarily in the kidneys and embryonic

gonads (Fig 3, haematoxylin counterstain). The WT1

protein mediates the epithelial-mesenchymal transition

and the differentiation during kidney and gonad
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morphogenesis, with WT1 acting as a transcription factor

that mediates the repression of genes encoding cell

proliferation factors and the activation of genes encoding

epithelial cell differentiation markers11. Mutations of this

gene lead to the occurrence of Frasier syndrome, which

is characterized by nephropathy and 46 XY DSD

disorder of testicular development12.

factors produced by endothelial cells, testicular cords

are either not formed or their number is very low. Shortly

after their initial differentiation in the 8th week of

development, embryonic Sertoli cells begin to produce

anti-Mullerian hormone (AMH) by the direct action of

Sox9 and steroidogenic factor 1 (SF1)15. AMH induces

the degeneration of the Mullerian ducts

(paramesonephric)16. When AMH is not expressed,Another important gene for the development of the

events is well known: Sry directly induces the up-regulation

of Sox9 in pre-Sertoli cells. Sox9 expression in turn induces

the expression of male specific FGF9, which ensures

synchronous tubulogenesis throughout the gonad (Fig 2)13.

The formation of the sex cord begins immediately after

activation of Sox9, when pre-Sertoli cells surround

clusters of germ cells. The pre-Sertoli cells are known

from this point on as Sertoli cells. The signal for the

formation of testicular cords in the experimental animals

studied originates from the endothelial cells of the blood

vessels located between the coelomic epithelium and the

gonadal blastema. These cells enter the gonadal

blastema, first separating clusters of cells and then

configuring a cord-like structure14. In the absence of

the Mullerian ducts

remain, leading to

female internal

genitalia17.

Sertoli cells act as

Mullerian ducts18. Among the genes expressed under

Sox9 action is DMRT1, which has been shown in mice

to be essential to promoting Sertoli cell differentiation in

both fetal and adult testis. Loss of DMRT1 leads to

transdifferentiation of Sertoli cells into granulosa cells of

the ovary by the activation of genes related to ovarian

development19.

1.2. Germ cell specification, migration and

proliferation – Specification: PGCs are the germline

founder cell population. For ethical and technical reasons,

there is little information on the origin of human PGCs in

post-implantation embryos. This cell type can be

identified for the first time at around day 22 of gestation

Fig 1 – Transversal Section of a Human Testis at 8 Weeks of

Gestation with the Coelomic Epithelium Identified by an Arrow,

and the Primordial Seminiferous Cords Labelled by Stars

Testicular differen-

erentiation is a complex Leydig cell
differentiation, the

formation of the

testicular cords and the

regression of the

the organizing

centers of testicular

differentiation. They

are the first cells to

differentiate from the

gonad and to express

factors that coordinate

the development of

other cell types,

including germ cell

differentiation, fetal
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bipotential gonad is

Steroidogenic factor 1

(SF1), which is

process governed by

several genes and

signaling factors. The

following cascade of

expressed in

undifferentiated initial

gonads and the

developing adrenal

cortex. This gene

encodes a transcription

factor that regulates the

expression of many genes

involved in the production

of steroids such as steroid

hydroxylases (Fig 2)11.



by the activity of non-tissue specific alkaline repress genes involved in proliferation, differentiation and

the proximal epiblast21, due to signals from the

hypoblast22. These signals include BMPs (bone

morphogenetic proteins) 4 and 8a (Fig 4)23-25.

In mice, in response to BMP and Wnt

signaling expressed by extraembryonic mesoderm,

PGCs up-regulate Blimp1, Ap2γ and Prdm14, which

are the triggers of a PGC-specific transcriptional network.

Prdm14 binds to Ap2γ to activate several germ cell

genes, including pluripotency genes and epigenetic

regulators. On the other hand, Ap2γ binds to Blimp1 to

human germline. In this model, BMPs signaling induce

the expression of Sox17 in the proximal epiblast cells

destined to become PGCs, and Sox17 is then capable

of activating the germ cell program. However, for the

germ cell program to be activated it is imperative that

Sox17 upregulates Blimp1, and that Sox17 also

downregulates the endodermal and mesodermal

programs in those cells, allowing only the germinal

activating program27. In humans, the Ap2γ homolog

TFAP2C also binds Blimp1 to block both the

phosphatase (TNAP) and the expression of other

markers such as Blimp1, Nanog, Stella, Fragillis,

Oct4, TNAP, SSEA1, and SSEA420.

The specification of PGCs in humans occurs around

the 3rd week of gestation, shortly after gastrulation in

the somatic epigenetic regulators necessary to start the

passive DNA demethylation that is characteristic of PGC

during the migration phase26.

In humans, in in vitro models of differentiation, Sox17

gene expression is required for the specification of the

Fig 2 – Schematic Representation of Human Testicular Development and the Genes Involved from Early Genital

Ridge Formation up to Late Testis Specification100
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mesodermal and endodermal programs and epigenetic

modifiers necessary for the passive DNA demethylation

of the allantois to be incorporated into the extracellular

specification, its expression during human PGCs

specification is lower and starts later29. This differential

kinetic suggests that its expression is regulated by various

molecules and that its role may be different between

humans and mice; for example Prdm14 appears to

regulate Sox2 expression in mice29, while in humans Sox2

is suppressed30.

Migration: Shortly after its specification in the

proximal epiblast, PGCs begin to migrate to the base of

the allantois, which is located in the extraembryonic

mesoderm. Subsequently, during the 4th and 5th weeks

of gestation in human embryos, PGCs translocate to the

hindgut, and suffer an epithelial-to-mesenchymal transition

(EMT-like) event. PGCs then start to migrate to the base

mesenchyme, along the aorta, reaching the aorta-gonad-

mesonephros region (AGM) around the 5th-6th week

of development in humans20. PGCs perform this process

directed by the expression of membrane chemotactic

mediators such as C chemokine receptor 4 (CXCR4),

which recognizes the CXC-motif ligand 1234 and the c-

Kit receptor with tyrosine kinase activity, which binds to

transmembrane Stem Cell Factor (SCF) (also named

Kit ligand) (Fig 6, haematoxylin counterstain)35. These

guiding signals provide PGC dedifferentiation and survival

signals as well36. The absence of these receptors or

ligands means that the gonads will have a deficiency of

primordial germ cells34,37.

pseudopodia-like projections. The

nucleus is vesicular with one or two

prominent nucleoli and the

cytoplasm contains large

mitochondria and abundant

ribosomes with little Golgi and

endoplasmic reticulum. There are

also abundant glycogen granules

and lipid droplets in PGC cytoplasm

(Fig 5)33. Throughout this period,

the PGCs proliferate actively by

mitosis and, from a small number

of about 40-100 cells, reach a

population of 1000 cells when they

reach the gonadal ridge33. Once

PGCs have reached the gonadal

ridge they enter a process of cell

differentiation depending on the

chromosomal Y content (see

below)33.

During the migration phase,

PGCs move through the epigastic

Fig 3 – Immunohistochemistry against WT1 in a Human Testis at 10 Weeks

of Gestation (Shown in Brown)

and the activation of specific germline genes28.

Another specification difference between mice and

humans is the expression of Prdm14, which is essential

for maintaining pluripotency. Although the presence of

Prdm14 is critical from the onset of murine PGC

matrix of the dorsal mesentery (Fig 5, H & E)20,31. At the

beginning of the 6th week, and under the influence of the

transcription factor Sox9, a group of primitive sex cords

begin to take shape in the genital ridge and PGCs migrate

towards it32. During the migration process, the PGCs

show a rounded or oval shape with occasional

Interestingly, it has recently been observed in human
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embryos around the 5th week (35dpc) that the PGCs are

present along the autonomous nerve fibers and Schwann

cells that grow from the dorsal mesentery to the gonad.

Therefore, it is speculated that the nerve fibers may channel

remain undifferentiated and to promote survival along the

migration process39,40. The mediators that define this niche

have yet not been elucidated. The presence of Stem Cell

Factor does not seem to provide direction to the migration

the migration of the developing PGCs and that when the

connections between the enteric nervous system and

sympathetic sympathetic nervous system occur, thePGCs

move towards the gonads31. During PGC migration, these

adjacent nerve fiber somatic cells express Stem Cell Factor,

which has been demonstrated to promote the survival and

migration of PGCs38. In addition, electron microscopy has

revealed close contact between PGCs and Schwann cells

during this process31,39. It could be speculated that Schwann

cells provide a transitional niche allowing the PGCs to

of PGCs, but instead such direction appears to come from

the development of sympathetic nerve fibers to the gonad,

which occurs simultaneously (Fig 7)40. GDNF (glial cell

derived neurotrophic factor), a Sertoli-derived factor,

seems to be an essential mediator of PGC migration

towards the spermatogenetic niche (depending on the

expression of the GDNF co-receptor GFRA1 in germ

cells)41. GDNF is also secreted by Schwann cells42 which

could also account for the establishment of a transient niche

Fig 4 – Schematic Representation of Human PGC Specification, Migration and Colonization Periods, and the Genes

Involved in Such Processes with the Predicted Epigenetic Modifications in Human PGCs Suffered during Such

Period which Are Depicted, Based in Mouse Models

that allows and directs PGC migration from the allantois
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base towards the primitive gonad.

During specification and migration, PGCs undergo

epigenetic reprogramming (Fig 4). PGCs are specified in

a context equivalent to their adjacent mesodermal cells

and subsequently, by the action of Prdm14 (among others),

they begin a second phase of DNA demethylation. The

pluripotent as embryonal carcinoma cells and can

differentiate into cells of the three germ layers in vitro and

contribute to the ICM in vivo49. The mechanism of hypoxia

induction involves HIF1á stabilization and Oct4

deregulation. As explained above, during embryonic

development, PGCs migrate along the aorta, thus high

Around the 6th week of development, gonadal PGCs

reach the primordial gonad, which rests on the dorsal body

wall, and end their migration20. When undifferentiated PGCs

have colonized the gonad, they lose their motility features

and acquire a more spherical shape. At this point, glycogen

content significantly decreases, while the Golgi apparatus

and endoplasmic reticulum experience significant

development33.

The  PGCs that fail to leave the nerve branches in the

gonad appear to continue along the sympathetic system and

end up in other organs, where they can form germ cell tumors

if they are not properly removed by apoptosis. The PGCs

that deviate often die by apoptosis due to the absence of

Stem Cell Factor by a pathway dependent on Bax31.

Interestingly, we recently demonstrated that hypoxia alone

induces cell reprogramming in mouse PGCs, giving rise to

hypoxia-induced Embryonal Germ Cell-like cells, which are

2. Human Testicular Development up to the Second

Trimester:

The structure of the fetal testis is developed by the

influence of hormones secreted by the placenta, to which

pregnancy hormones such as FSH and LH from the fetal

pituitary are added at the beginning of the third trimester. The

presence of numerous paracrine factors ensures coordination

among the different cell types that must interact in the testis.

The changes are both macroscopic and microscopic. The

testis macroscopically elongated initially, now becomes ovoid.

Histologically, the development and differentiation of various

cell types occur, both at the seminiferous tubules compartment

(Sertoli cells, germ cells) peritubular (myoid cells) and at the

interstitial (Leydig cells) compartment.

2.1. Growth and differentiation of testicular

cords (Sertoli cells) – Until the 7th week of fetal

development there is a common gonad for both sexes,

and led to the

acquisition of a germ

c e l l - s p e c i f i c

epigenetic profile. At

this time, PGCs

begin to express

genes required for

survival and

maturation such as

Dazl (Deleted in

Azoospermia Like),

Vasa and rHox24,43-45.

An inappropriate

activation of these

genes via DNA

in PGCs. In fact,

PGCs that migrate or

move slower along

this pathway develop

into pluripotent

embryonal carcinoma

cells50-52. It is tempting

to speculate that this

or other hypoxic

niches might act on

PGC conversion to

testicular cancer stem

cells and be

responsible for the

origin of germ cell

Fig 5 – Human Testicular Section at 8 weeks of Gestation,

Showing a PGC (Arrow) inside a Seminiferous Cord (star)

testicular cancer indemethylation is

associated with fetal life.
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which is known as the “undifferentiated” or bipotential

phase of gonadal development. In the absence of other

stimuli, somatic supporting cells begin to express Wnt4

and Foxl2, which downregulate genes for male

development, and the gonad begins to develop as an

ovary11,53. However, if the individual has a Y

solid structures that lack lumen. At the 6th to 7th weeks

of gestation, the first seminiferous cords are formed by

the reorganization of Sertoli cells and the development

of desmosomal cellular junctions between them, the

progressive surrounding by peritubular cells and the

establishment of an interstitium (Fig 8, H & E). The

chromosome, supporting cells begin to express the Sry

gene, which immediately induces activation of Sox9. This

gene stimulates the activity of FGF9, which in turn

enhances the activity of Sox911,53,54. Both Sox9 and

FGF9 downregulate ovarian development-specific genes

Wnt4 and Foxl2 and promote the initiation of

differentiation of undifferentiated stromal cells into Sertoli

(Fig 2)53,54.

The transformation of the testicular cords in

seminiferous tubules is a continuous process that involves

both molecular and physical factors. There is growth in

length and tortuosity, with the morphological changes

necessary for combined cordonal structures, irregular

contours and varying thickness, thus acquiring a cylindrical

shape and a uniform size. The seminiferous tubules (more

properly named seminiferous cords during fetal life) are

dense and contains numerous lysosomes, actin

microfilaments and intermediate filaments. Other

organelles observed are microtubules, mitochondria, and

a well-developed Golgi complex. In the apical region,

there are numerous, parallel-arranged, rough endoplasmic

reticulum cisternae. Progressively, the Sertoli cells

elongate, their cytoplasm becomes less electron-dense,

and filaments predominate in the basal region (Fukuda,

1976). Intermediate filaments of the vimentin type are

expressed during their entire life, whereas low molecular

weight cytokeratins (numbers 8, 18 and 19) disappear

progressively and are only present up to the 20th

week55,56. Desmin filaments have been observed only

from the 11th to the 14th week57. lghkglkfgldkflkg

During gestation, the number of Sertoli cells increases

(Fig 9, haematoxylin counterstain), but mitoses can only

diameter slowly increases until the 16th week

of gestation and remains unchanged until birth.

During fetal life, the seminiferous tubules are

composed of Sertoli cells and germ cells and

are surrounded by tunica propria. Outside the

seminiferous tubules, the testicular interstitium

is composed primarily of blood vessels and

Leydig cells.

Sertoli cells are the most numerous cells in

the seminiferous tubules. They are cylindrical

cells arranged to form a pseudostratified

epithelium. They rest on the basement

membrane and their extensions are partially

interposed between the spermatogonia stem

cells and the basement membrane. Around the

13th week of gestation, Sertoli cells exhibit an

indented outline and lengthy cytoplasmic

processes and are interconnected by

desmosomes. The nucleus is spherical and

Fig 6 –  Immunohistochemistry against c-Kit in a Human Testis at 10

Weeks of Gestation (Shown in Brown), Demonstrating Germ cells´

Cytoplasms

contains a small nucleolus. The cytoplasm is electron-
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occasionally be observed. Although the number of Sertoli

cells per cross-sectioned cord does not increase during

this period, Sertoli cell proliferation contributes to the

decreases by the formation of testicular cords and PGC

mitotic arrest20. From this point on, PGCs identified in

the male gonad are denominated gonocytes.

increase in the length and tortuosity of the seminiferous

cords. At the end of gestation, there are about 260 million

Sertoli cells per pair of testes. Fetal Sertoli cells express

inhibin, having been described as a marker of SC

immaturity when forming bodies at the apical

cytoplasm(Fig 10, haematoxylin counterstain)58. Another

immature SC marker is AMH, whereas the presence of

androgen receptor (AR) indicates complete SC

maturation (commencing at infancy). In the fetal and early

postnatal period, the absence of androgen receptor

expression in Sertoli cells explains a physiological stage

of androgen insensitivity within the male gonad during

this period59.

2.2. Gonad colonization by germ cells and

establishment of  germ stem cells – Following gonadal

colonization, PGCs are exposed to inductive signals from

the surrounding microenvironment gonadal niche, which

is composed of Sertoli cells if the fetus is male, resulting

in male sexual determination (Martinez-Arroyo et al.,

2014). Around the 6th week (41-44dpc) (Carnegie

stages 17 and 18), the number of PGCs in males

At this point in time, the germ stem cells undergo a

new extensive epigenetic reprogramming via DNA

methylation, which in both mice and humans appears to

be caused by the action of TET enzymes44. However,

no locus-specific functional analysis studies have been

performed in humans. In mice, it has been demonstrated

that active demethylation of DNA allows a) the

expression of various genes related to spermatogenesis,

b) elimination of imprint marks, c) the de-repression of

transposable elements and d) the clearance of

epimutations. To prevent the harmful effects of

transposable elements during the activation of

transposable genes, defense elements (Piwi family route)

are expressed60,61. Thereafter, pluripotency decreases as

gametogenesis progresses and program-specific

expression of germline genes is activated45.

Unlike in other mammalian species, in the human fetal

testis germ cells are not a homogeneous population of

gonocytes. Ultrastructural studies have identified several

morphological cell types that are the basis for various

classifications62-64. Three different germ cell types

Fig 7 –  Schematic Representation of PGC Migration along the Nerve Schwann Cells´ Axons in a

Transversal Section of a Human Embryo wih PGCs Depicted in Yellow and Schwann Cells in Green (A:

aorta, H: hindgut, G: gonad)
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distinguished by immunohistochemical studies have been

identified in the fetal testis: gonocytes, intermediate cells,

and fetal spermatogonia, all of which are progressively

more differentiated stages of PGCs:

Gonocytes: These are the PGCs arriving at the fetal

the basal membrane (Fig 11, H & E). Ultrastructurally

they differ from gonocytes in that the cytoplasm/nucleus

ratio is lower, there are a higher number of cytoplasmic

processes, and there is further development of the rough

endoplasmic reticulum. Intermediate cells are

one or two nucleoli65,66. In the cytoplasm, a Golgi

complex, short cisterns of rough endoplasmic reticulum,

microfilaments preferably near the plasma membrane and

lipid inclusions are found. Gonocytes are associated with

Sertoli cells by gap junctions and desmosome-like

junctions. A variety of cell adhesion molecules are

observed in Sertoli cells and gonocytes including NCAM,

PB-cadherin, and connexin 43.

The gonocyte immunophenotype is positive to Oct4,

c-Kit, placental alkaline phosphatase (PLAP) and Serine/

threonine-protein kinase (CHK2), and negative to

melanoma-associated antigen 4 (MAGE-A-4). In

addition, PCNA positive gonocytes are found, suggesting

active cell proliferation67-69, unlike mouse PGCs, which

stop mitosis as soon as they reach the gonad51.

Intermediate cells (transitional gonocytes):

These cells are morphologically similar to gonocytes, but

instead of occupying the central part of the seminiferous

tubule they are displaced to the periphery, contacting

located at the periphery of the seminiferous tubule. They

display a large pale cytoplasm, extending onto the basal

membrane. Other differences with gonocytes are a higher

cytoplasm-to-nucleus ratio and a high chromatin

condensation (Fig 12, H & E). Mitochondria are grouped

next to the nucleus and are joined together by electron-

dense bars. Both rough endoplasmic reticulum and lipid

inclusions are rare. These cells are also connected by

intercellular bridges. Immunohistochemistry shows

MAGE-A4 staining, and they are negative for c-Kit and

PCNA, demonstrating a quiescent phenotype.

These three types of germ stem cells have abundant

cytoplasmic polyribosomes and glycogen granules in large

quantities. A distinctive feature is the presence of

chromatoid bodies in the cytoplasm. They consist of fine

granular materials intermingled with larger granules, with

a size similar to that of ribosomes. Chromatoid bodies

are formed by RNAs and RNA-binding proteins such

as Pi-RNAs and RNA regulatory proteins. Their function

gonad. Gonocytes

are located inside the

seminiferous cord

surrounded by

several cytoplasmic

extensions of Sertoli

cells that are

separated by three

or four Sertoli cell

nuclei from the basal

membrane (Fig 11,

H & E). Gonocytes

are very large cells,

whose size is more

than twice that of

neighboring somatic

cells. The nucleus is

spherical and

euchromatic with

interconnected by

cytoplasmic bridges.

Factors such as c-Kit and

PDGF ligand are critical for

migration towards the basal

membrane at the periphery

of the seminiferous tubules

(basal Sertoli cell

cytoplasm). Their

immunophenotype is

negative to both c-Kit and

MAGE-A-4, low or

negative staining for Oct4,

and positive staining for

PCNA, indicating active

proliferation.

Fetal spermatogonia:

These are the germ stem cells

of the adult testis. They are

Fig 8 – Transversal Section of a Human Testis (T) and

Mesonephros (M) at 8 Weeks of Gestation with Formation of

Pseudocordonal Structures in the Testis
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in male germ cells is the accumulation of regulatory RNAs

to be used in inactive transcriptional periods. Examples

prevents the entry of male PGCs into meiosis. This

process is well characterized in mouse models; however,

in humans this enzyme does not seem as powerful and

birth. Most of these differentiate into spermatogonia

between 30 and 90 days post-birth at the stage known

as minipuberty. The remaining undergo apoptosis. The

lack of synchronization of these stages may serve to

protect the number of spermatogonial stem cells (and

thus future fertility) to various insults that could occur

throughout fetal life.

Several molecules produced by the Sertoli cells that

influence the development of the germ line have been

identified (Fig 13). Importantly, Sertoli cells express,

among others, transmembrane Stem Cell Factor to

establish a niche for gonocytes to ensure their survival

and dedifferentiation50. In addition, in the fetal gonad,

retinoic acid activates the meiotic program. Because male

germ cells delay progression of meiosis until the adult

period, this signal must be removed. The CYP26B1

enzyme present in the cytoplasm of Sertoli cells is able

to catabolize retinoic acid in inactive metabolites, which

other mechanisms must be present to inhibit entry into

meiosis in the fetal human testis73,74. FGF9 produced by

Sertoli cells appears to make gonocytes less responsive

to retinoic acid75. Furthermore, it has been found in mice

that FGF9 also stimulates the expression of the Nodal

receptor and its co-receptor Cripto, thereby prolonging

pluripotency of stem cells and ensuring spermatogenesis

and through activation of Notch1 signaling76.

2.3. Peritubular cells –  As cordonal structures

grow, they become progressively surrounded by

peritubular myoid cells. The interaction between Sertoli

cells and peritubular cells is a prerequisite for the

formation of the basal membrane between the two types

of cell populations and for the maintenance of the integrity

of the testicular cords14.

The peritubular cells are identified for the first time in

the human fetus in the 12th week of gestation (Fig 14, H

& E)77. They probably originate in the coelomic

include pre-pachytene pi-RNAS and Miwi2 and Mili,

whose expression coincides with

periods of extreme de novo

methylation events that generate

imprint marks in male germ cells,

which also coincides with a period in

which the expression of transponible

elements is de-repressed70.

The germ cell number per cross-

sectioned cord reaches a peak

between the 12th and 22nd weeks71.

By 10 weeks, most germ cells are

gonocytes, and around the 15th week,

many intermediate cells are present

together with gonocytes, and fetal

spermatogonia can be observed for

the first time. From the 16th to the

20th week, an important germ cell

death occurs72, and the degenerated

cells are phagocytized by Sertoli cells.

By the 22nd week, most germ cells

are fetal spermatogonial stem cells.

Some gonocytes persist even after

Fig 9 – Immunohistochemistry against ki67 in a Human Testis at 16 Weeks

of Gestation (Shown in Brown), Demonstrating Proliferating Cells Both at

the Seminiferous Cords´ and at the Interstititum Compartments
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epithelium through an epithelial-to-mesenchymal

transformation process14. On their differentiation, Sertoli

cells participate through the Sertoli secreted signaling

occurrence of a second compartment, the interstitium in

which various cell types appear: Leydig cells, vascular

cells, and mesenchymal cells.

molecule Dhh. From the 14th week, they are arranged

in two layers: the internal layer formed by myoid cells

and fibroblast-like cells and the outer layer formed by

fibroblast-like cells only. The number of layers increases

with age until 4-5 years. The number of myoid cells is

scarce in the peritubular space at first and becomes the

most abundant in the third trimester of gestation.

Peritubular myoid cell interaction with Sertoli cells

induces the secretion of several extracellular matrix

proteins such as laminin, types IV and IXa3 collagens

(Fig 15, haematoxylin counterstain) and heparan sulfate.

These proteins are necessary for the basal lamina

formation that surrounds the seminiferous cords and

maintains its structural integrity78,79 and serves for the

polarization of the SC cytoplasm and the establishment

of the spermatogonial stem cell niche.

2.4. Interstitium: Leydig cells, macrophages,

nerve cells, endothelial cells –  The formation of testis

cords is the first morphological change that distinguishes

testis from ovary. Cordonal organization determines the

Leydig cells: In humans there are three

populations of Leydig cells that develop at

various stages of development and that relate

to circulating testosterone peaks that are

characteristic of each phase. The Fetal Leydig

Cells (FLCs) are developed during fetal

testicular development, the infantile Leydig

Cells (ILCs) are developed during mini-

puberty and the Adult Leydig Cells (ALCs)

begin to develop at puberty80.

The Fetal Leydig Cells begin to differentiate

into the embryonic gonad shortly after testis

determination between 7-14 weeks. Leydig

cells are first observed between the

seminiferous tubules at the 8th week of

gestation. Their number increases rapidly,

reaching 48 per million pair of testes between

the 13th and 16th week, representing

approximately 50% of the testicular volume at

this time (Fig 16, haematoxylin counterstain)81.

The peak testosterone secretion by Leydig cells coincides

with these weeks82. Throughout the first two trimesters,

their number remains stable, although the intertubular area

occupied by them seems smaller due to the significant

growth of the seminiferous tubules. From the 24th week

until birth, the number of Leydig cells decreases

progressively to 18 million cells per pair of testes72.

Shortly after the end of pregnancy, these cells regress

and the new wave of infantile LC development starts.

To date, no information is available on which testicular

or systemic factors trigger the degeneration of human

fetal Leydig cells.

Fetal Leydig cells appear to originate from the same

pool of NR5A1-positive precursor cells as Sertoli cells

do83,84. A small population could be recruited from a

second pool of perivascular NR5A1-negative progenitor

cells of the gonadal-mesonephros convergence85. The

signal for LC differentiation should be very early and

might come from Sertoli cell-secreted molecules86,87 and

second factors derived from other cell types in the

Fig 10 – Immunohistochemistry against Inhibin in a Human Testis at

16 Weeks of Gestation (Shown in Brown), Demonstrating Sertoli

Cells´ Cytoplasms in the Seminiferous Cords and also in Leydig

Cell´s Cytoplasms (Star)
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Fig 11 – Human Testicular Section at 16 Weeks of

Gestation, Showing Gonocytes (Arrows) and Transitional

Gonocytes (Arrowheads) inside a Seminiferous Cord

important role in the endocrine and paracrine-mechanisms

involved in the control of testicular function93.

developing testis88. Dhh is necessary for the differentiation

abundance of smooth endoplasmic reticulum,

mitochondria with numerous tubular cristae, and a

 Fig 12 – Human Testicular Section at 16 Weeks of

Gestation, Showing Fetal Spermatogonia (Arrows) at

the Base of a Seminiferous Cord

and expansion of fetal Leydig

cells during the embryonic

stage. Secreted by Sertoli

cells, Dhh acts in a paracrine

manner to induce

differentiation of fetal Leydig

cells89. The PDGF system is

also involved in controlling

the development of Leydig

cell function in humans89.

Leydig cells are

polyhedral and measure

between 30 and 37 microns

in diameter. They show an

eccentric and pale nucleus,

with a voluminous nucleolus

and an eosinophilic

cytoplasm. They are

characterized by the

by well-developed steroidogenic machinery with both
LH receptors (LHR)

and the steroidogenic

enzymes necessary for

the biosynthesis of

androgens (3βHSD,

P450scc, P450c17)83,89.

Fetal Leydig cells show

positive histochemical

reactions to acid

phosphatase, glucose-6-

phosphatase, and

3βHSD and

immunohistochemical

expression of vimentin,

inhibin and calretinin

(Figs 10 and 16). In

addition to testosterone,

LC secretes several

peptides that play an

variable number of lysosomes

and lipid droplets. The rough

endoplasmic reticulum consists

of some groups of a few short,

parallel-arranged cisternae90.

These cells differ from adult

Leydig cells in the absence of

both Reinke’s crystals and

paracrystalline structures and

the lower amount of lipid

droplets91.

In the first weeks of

differentiation, LC become

functionally active, although

apparently independently of

pituitary gonadotropin (LH and

hCG) secretion, because the

start of androgen production by Leydig cells precedes

fetal pituitary LH secretion1. During weeks 14 and 15,

the Fetal Leydig Cells are mature and fully express their

steroidogenic machinery92. The FLCs are characterized

(INSL3), which controls testicular descent by inducing

gubernaculum ligament differentiation. If the expression

of this factor is altered, the testes do not descend

properly and are retained in the body cavity, which is

Androgens

produced by Leydig cells

in fetal development are

necessary for Wolff duct

and external genitalia

development, testicular

descent and sex-specific

brain patterning16. As

explained above, the

androgen secretion of

Leydig cells during the

first two trimesters of

FCLs also produce

Insulin-like peptide-3
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Fig 13 – Schematic Representation of Sertoli Cell-

Germ Cell Communication in the Human Testicular

Seminiferous Cords, and the Factors Involved

signals (Fig 15)79.

2.5. Supporting structures. Tunica albuginea

and interlobular septa – The testis is externally

surrounded by the tunica albuginea. Its development

begins very early, immediately after the primitive testis

cord differentiation97. A fibrous basement membrane

under the coelomic epithelium is established with the

incorporation and differentiation of various cell types98.

The tunica increases tenfold in thickness between the

10th and 41st weeks of gestation. From week 29, it

acquires two layers, a fibrous outer layer and inner loose

connective tissue layer. The tunica serves as a protective

capsule, and it also regulates vascular flow. Between the

17th and 21st weeks the tunica albuginea develops

interlobular septa. The formation of septa is completed

between the 25th and 28th weeks. The interlobular septa

divide the human testis into 250 lobules. These septa

support blood vessels. Nervous fibers are seen for the

known clinically as cryptorchidism83,95.

Macrophages: Monocytes coming from the yolk

sac hematopoietic progenitors migrate and colonize the

testis. Once they reach the testis, they become resident

M2-type macrophages in the interstitium. They are

thought to intervene in the vascular reorganization of the

testis, as they have been seen in association with

mesonephric gonadal vasculature during the initial phases

of testicular morphogenesis. They are also involved in

the elimination of abnormally located germ and somatic

cells once the testicular architecture has been

established96.

Nerve cells: The presence of nerve fibers has been

observed from the 16th week of gestation. Their number

increases at the 17th week, and they are located in the

interstitium at week 20. These nerve fibers enter the testis

to innervate and are probably the channels used by PGCs

to migrate towards the gonad18.

Endothelial cells: These cells migrate from the

mesonephros chemoattracted by PDGF and VEGF

Fig 14 – Human Testicular Section at 16 Weeks of

Gestation, Showing Peritubular Myoid Cells (Arrows)

Surrounding a Seminiferous Cord

first time in the 16th week within the inner loose

connective tissue of the tunica (tunica vasculosa), and in

the 20th week they are also seen in the testicular septa.

It is assumed that these original extrinsic nerves enter the

gonad by innervation99.
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Introduction:

In 2006, researchers at Kyoto University in Japan

identified conditions that would allow specialized adult cells

to be genetically “reprogrammed” to assume a stem cell-

like state. These adult cells, called induced pluripotent stem

cells (iPSCs), were reprogrammed to an embryonic stem

cell-like state by introducing genes important for maintaining

the essential properties of embryonic stem cells (ESCs).

This represents a paradigm shift in our understanding of

cellular differentiation and of the plasticity of the differentiated

state.  Cellular differentiation appears as a unidirectional

process, where undifferentiated cells mature to various

specialized cell fates, such as neurons, muscle and skin cells.

Although much additional research is needed, investigators

are beginning to focus on the potential utility of iPSCs as a

tool for drug development, modeling of disease, and

transplantation medicine. The idea that a patient’s tissues

could provide him/ her a copious, immune-matched supply

of pluripotent cells has captured the imagination of

researchers and clinicians worldwide.

During the developmental journey, cells progressively

become more restricted in their differentiation potential and

as a consequence, they do not retain pluripotency. Most

cells mature into fully differentiated cells, although stem cells

with limited potency remain in certain locations in the body

and serve as a source for cell replacement, for example in

the bone marrow, intestine and skin. Differentiated cells are

remarkably stable and as a rule they will not shift fate into

other types of differentiated cells or revert to the type of

undifferentiated cells that can be found in the early embryo.

Thus In this review, we summarize the progress that has

been made in the iPSC field ,with an emphasis on

understanding the mechanisms of cellular reprogramming

and its potential applications in cell therapy and also various

tissue engineering techniques to induced pluripotent stem

cells.

Reprogramming Cells:

The discovery of induced pluripotency represents the

synthesis of scientific principles and technologies that have

been developed over the last six decades. As such, the

logistical challenges of isolating, culturing, purifying, and

differentiating stem cell lines that are extracted from tissues

have led researchers to explore options for “creating”

pluripotent cells using existing non-pluripotent cells. One

strategy to accomplish this goal is nuclear repro-gramming,

a technique that involves experimentally inducing a stable

change in the nucleus of a mature cell that can then be

maintained and replicated as the cell divides through mitosis.

Other strategy that has historically been carried out using

techniques such as somatic cell nuclear transfer (SCNT),

altered nuclear transfer (ANT), and methods to fuse somatic

cells with ESCs.
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The development of nuclear reprogramming in vitro,

the breakthrough method that creates iPSCs. Involves taking

mature “somatic” cells from an adult and introducing the

genes that encode critical transcription factor proteins,

which themselves regulate the function of other genes

important for early steps in embryonic development. In the

initial 2006 study, it was reported that only four transcription

factors (Oct4, Sox2, Klf4, and c-Myc) were required to

reprogram mouse fibroblasts (cells found in the skin and

other connective tissue) to an embryonic stem cell-like state

by forcing them to express genes important for maintaining

the defining skin and other connective tissue) to an

embryonic stem cell–like state by forcing them to express

genes important for maintaining the defining properties of

ESCs. These factors were chosen because they were

known to be involved in the maintenance of pluripotency,

which is the capability to generate all other cell types of the

body. In 2007, two different research groups reached a

new milestone by deriving iPSCs from human cells, using

either the original four genes9 or a different combination

containing Oct4, Sox2, Nanog, and Lin28. Since then,

researchers have reported generating iPSCs from somatic

tissues of the monkey and rat.

Several approaches have been investigated to

improve reprogramming efficiency and decrease potentially

detrimental side effects of the reprogramming process.

Subsequent studies have further reduced the number of genes

required for reprogramming and researchers continue to

identify chemicals that can either substitute for or enhance

the efficiency of transcription factors in this process. These

breakthroughs continue to inform and to simplify the

reprogramming process, thereby advancing the field toward

the generation of patient-specific stem cells for clinical

application.

Factors Need to be Considered before

Reprogramming Cells:

Reprogramming poses several challenges for

researchers who hope to apply it to regenerative medicine.

Before reprogramming can be considered for use as a

clinical tool, the efficiency of the process must improve

substantially. Although researchers have begun to identify

the myriad molecular pathways that are implicated in

reprogramming somatic cells, much more basic research

will be required to identify the full spectrum of events that

enable this process. The direct reprogramming of somatic

cells to pluripotency accomplished in 2006, when Takahashi

and Yamanaka converted adult mouse fibroblasts to iPSCs

through ectopic expression of a select group of transcription

factors. Subsequent reports optimized this technique,

demonstrating that iPSCs were indeed highly similar to ESCs

when tested across a rigorous set of assays (Maherali et

al, 2007; Okita et al, 2007; Wernig et al, 2007). In 2007,

direct reprogramming was achieved in human cells

(Takahashi et al, 2007b; Yu et al, 2007), providing an

invaluable contribution to the field of regenerative medicine.

While the establishment of iPSC lines is conceptually and

technically simple, direct reprogramming is a slow and

inefficient process consisting of largely unknown events.

Several variables must be considered in order to

reproducibly obtain iPSCs, which include (1) the choice of

factors used to reprogram cells; (2) the methods used to

deliver these factors; (3) the choice of target cell type; (4)

the parameters of factor expression, such as timing and

levels; (5) the culture conditions used to derive iPSCs; and

the methods of (6) identifying and (7) characterizing

reprogrammed cells. This review addresses each of these

steps in detail and is summarized as an overview in Fig1.

Choice of Reprogramming Factors:

The four transcription factors, Oct4 (Pou5f1),

Sox2,c-Myc, and Klf4, were sufficient to mediate

reprogramming (Takahashi and Yamanaka, 2006). This core

set of factors has been shown to work across a multitude

of mouse cell types (Aoi et al, 2008; Eminli et al, 2008;

Hanna et al, 2008; Kim et al, 2008; Stadtfeld et al, 2008a,

2008c; Wernig et al, 2008a), as well as rhesus monkey

(Liu et al, 2008) and human cells (Park et al, 2008a;
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Takahashi et al, 2007b; Lowry et al, 2008. Variations on

the four-factor cocktail have been used to successfully

reprogram cells. In mouse fibroblasts, Sox1 and Sox3 can

Fig 1– Overview of the iPSC Derivation Process

replace Sox2, albeit with a decrease in reprogramming

efficiency; Klf2 can replace Klf4, and L-Myc and N-Myc

can replace c-Myc (Blelloch et al, 2007; Nakagawa et al,

2008). It has also been reported that a partially different

set of factors, OCT4, SOX2, NANOG, and LIN28, is

sufficient to reprogram human fibroblasts (Yu et al, 2007).

While the original suite of four factors remains the standard

for direct reprogramming, a handful of small molecules and

additional factors have been reported to enhance the

reprogramming process and/or functionally replace the role

of some of the transcription factors. The identification of

such mediators is beginning to yield insight into the

mechanisms by which reprogramming occurs, and many
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similar studies are likely to follow.

Methods of Factor Delivery:

The production of iPSCs has so far been achieved

through nucleic- acid-based delivery of the reprogramming

factors. Initial generations of mouse and human iPSCs

employed retroviral vectors (Takahashi et al, 2007b;

Takahashi and Yamanaka, 2006) and constitutive lentiviruses

(Blelloch et al, 2007; Yu et al, 2007), while later

generations were produced using inducible lentiviruses

(Brambrink et al, 2008; Hockemeyer et al, 2008; Maherali

et al, 2008; Stadtfeld et al, 2008b). Other various methods

of factor delivery has also been studied like Moloney-based

retrovirus,Transient transfection, Adenovirus, small

molecules and Protein transduction.

Choice of Cell Types:

For the first reprogramming attempts in both mouse

and human, fibroblasts were used as the starting cell

population. Adult fibroblasts have been previously shown

to be amenable to reprogramming by nuclear transfer in

mouse (Wakayama et al, 1998) and cell fusion in both

mouse and human (Cowan et al, 2005; Tada et al, 2001).

Since the success of fibroblast reprogramming, a multitude

of mouse cell types, including stomach cells (Aoi et al,

2008), liver cells (Aoi et al, 2008; Stadtfeld et al, 2008c),

pancreatic b cells (Stadtfeld et al, 2008a), lymphocytes

(Hanna et al, 2008), and neural progenitor cells (Eminli et

al, 2008; Kim et al, 2008), as well as human keratinocytes

(Aasen et al, 2008; Maherali et al, 2008), have been

reprogrammed. Several factors must therefore be

considered in determining the optimal cell type for a given

application: (1) the ease at which reprogramming factors

can be introduced, which varies both by cell type and

delivery approach; (2) the availability and ease of derivation

of the given cell type; and (3) the age and source of the cell.

Parameters of Factor Expression:

are certain parameters of factor expression. The length of

time required for cells to become independent of factor

expression has been addressed using doxycycline-inducible

systems, use of separately delivered reporter constructs,

such as GFP-encoding vectors. For viral-based methods,

titers are influenced by the gene of interest, as the gene

product is expressed at high levels during packaging and

can potentially alter the function of the packaging cells

(Tiscornia et al, 2006).  The best method for quantification

is a direct analysis of expression in the cell type of interest;

this assessment can be accomplished by using a reporter-

linked construct, such as IRES-GFP, or through

immunostaining, which permits analysis at a single-cell level.

For a more accurate measure of factor delivery, one can

also assess co infectivity to determine the percentage of

cells receiving all factors.

Culture and Derivation Condition:

Both mouse and human iPSC derivation proceed

under the same culture conditions used for ESC maintenance

(Akutsu et al, 2006; Cowan et al, 2004; Lerou et al, 2008;

Nagy et al, 2003), and it is important to ensure that the

selected conditions support ESC growth. The use of

knockout serum replacement provides an alternative culture

condition for the reprogramming of various cell types for

which standard serum is unsuitable. A key aspect for creating

favorable derivation conditions is to achieve an optimal cell

density.

Identification of iPSCs Colonies:

The identification of iPSC colonies based solely upon

morphological criteria requires a considerable degree of

ESC expertise. In general, mouse ESC colonies can be

distinguished by their refractive, or ‘‘shiny,’’ appearance

and tight, well-defined borders, while human ESC colonies

display a cobblestone appearance with prominent nucleoli

and pronounced individual cell borders. The stepwise

morphological changes that occur during reprogramming

have been depicted in both systems (Fig 2).To improve the process of iPSC derivation, there
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Expansion and Characterization of Cells:

The steps involved in taking a new colony to a fully

established iPSC line are identical to those for ESC

derivation, which have been described in detail elsewhere

(Akutsu et al, 2006; Lerou et al, 2008; Nagy et al, 2003.

Several criteria have been set forth to ascertain whether a

fully reprogrammed state has been achieved, which include

an array of unique features associated with pluripotency,

encompassing morphological, molecular, and functional

attributes (Fig 3). On a molecular level, iPSCs must display

gene expression profiles that areindistinguishable from

ESCs, which extends to the display of other associated

features, including (1) protein-level expression of key

pluripotency factors (eg, Oct4, Nanog) and ESC-specific

surface antigens; (2) functional telomerase expression; and

(3) expression of genes involved in retroviral silencing, such

as de novo methyl transferases and Trim28 (Lei et al, 1996;

Wolf and Goff, 2007). At a functional level, iPSCs must

demonstratethe ability to differentiate into lineages from all

three embryonic germ layers. A hierarchy of criteria has

been put forth, and in order of increasing levels of stringency,

these include:(1) in vitro differentiation, (2) teratoma

formation, (3) chimera contribution, (4) germline

transmission, and (5) tetraploid complementation (direct

generation of entirely ESC/iPSC-derivedmice) (Jaenisch

and Young, 2008).As performing all available assays for

the demonstration of pluripotency is infeasible, a suggested

minimal set of criteria should be fulfilled in order to ascertain

that a genuine iPSC hasbeen obtained. Accordingly, these

include (1) all morphological attributes, including unlimited

self-renewal; (2) expression of key pluripotency genes with

a concomitant downregulation oflineage-specific genes

associated with the cell of origin; (3)transgene

independence; and (4) proof of functional differentiation

through the highest-stringency test acceptable.

Generation of Induced Pluripotent Stem Cells Using

Drosophila as a Model:

attractive genetic model due to the short life span, large

number of offspring, and applicability of many genetic

techniques (van Ham et al, 2009). Drosophila have been

used to model Parkinson’s, Huntington’s, and Prion disease.

Unfortunately, production of non-mammalian stem cells has

been limited, due to problematic or unknown isolation

procedures, and insufficient maintenance methods (Lavial

and Pain, 2010). For these reasons, there has been a desire

to generate stem cells for these species, allowing disease

and mechanistic models to be explored, and possibly

transgenic animals to be generated. Induced stem cells could

provide such a model.

The Adult Drosophila Malpighian Tubules Are

Maintained by Multipotent Stem Cells:

All animals must excrete the waste products of

metabolism. Excretion is performed by the kidney in

vertebrates and by the Malpighian tubules in Drosophila.

The mammalian kidney has an inherent ability for recovery

and regeneration after ischemic injury. Stem cells and

progenitor cells have been proposed to be responsible for

repair and regeneration of injured renal tissue. In Drosophila,

the Malpighian tubules are thought to be very stable and no

stem cells have been identified. This study has identified

multipotent stem cells in the region of lower tubules and

ureters of the Malpighian tubules. Using lineage tracing and

molecular marker labeling, it was demonstrated that several

differentiated cells in the Malpighian tubules arise from the

stem cells and an autocrine JAK-STAT signaling regulates

the stem cells’ self-renewal. Identifying adult kidney stem

cells in Drosophila may provide important clues for

understanding mammalian kidney repair and regeneration

during injury (Singh, 2008).

The regenerating renal cells may come from one of

the three possible sources, based on previous studies. First,

the circulating blood contains bone marrow-derived stem

cells able to differentiate into non-haematopoietic cells, such

as cells of the kidney. Second, the differentiated glomerular

and tubular cells may also be able to dedifferentiate intoThe arthropod Drosophila melanogaster is an
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stem-like cells to repair the damaged tissues. Third, large

numbers of slowly cycling cells have recently been identified

in the mouse renal papilla region; these cells may be adult

kidney stem cells and may participate in renal regeneration

after ischemic injury. Further, the ureter and the renal

collecting ducts were formed from the epithelium originating

from the ureteric bud, and the nephrons and glomeruli were

formed from the metanephric mesoderm-derived portion

during kidney development. Two distinguished stem cell

types have been proposed as responsible for repairing the

renal collecting tubules and the nephrons. This study

identified a type of pluripotent stem cells (RNSCs) in the

Drosophila renal organ. The stem cells are able to generate

all cell types of the adult fly MTs. In the region of lower

tubules and ureters, autocrine JAK-STAT signaling regulates

the stem cell self-renewal. Weak JAK-STAT signaling may

convert an RNSC into a renalblast (RB), which will

differentiate into an RC in the region of lower tubules and

ureters, and a type I or type II cell in the upper tubules.

These data indicate that only one type of stem cell may be

responsible for repair and regeneration of the whole

damaged tissues in mammalian kidney (Singh, 2008).

The Drosophila RNSCs represent a unique model

to study the molecular mechanisms that regulate stem cell

or cancer stem cell behavior. In most of the stem cell

systems that has been well characterized to date, stem cells

always reside in a specialized microenvironment, called a

niche. A niche is a subset of neighboring stromal cells and

has a fixed anatomical location. The stromal cells often

secrete growth factors to regulate stem cell behavior. The

stem cell niche plays an essential role in maintaining stem

cells, and stem cells will lose stem cell status once they are

detached from the niche. The niche often provides the

balanced (proliferation-inhibiting and proliferation-

stimulating) signals that keep the stem cells dividing slowly.

The inhibitory signals keep the stem cell quiescent most of

the time while the stimulating signals promote stem cell

division, to replenish lost differentiated cells. Maintaining

the balance between proliferation-inhibiting and proliferation-

stimulating signals is the key to maintaining tissue

homeostasis (Singh, 2008).

Drosophila RNSCs are controlled differently. This

study has demonstrated that the JAK-STAT signaling

regulates the stem cell self-renewal. Both the ligand Upd

and the receptor Dome are expressed in the RNSCs and

the autocrine JAK-STAT signaling regulates the stem cell

self-renewal; thus, the self-sufficient stem cells control their

self-renewal or differentiation and do not need to

constrained to a fixed niche. However, the RNSCs are still

confined to the region of lower tubules and ureters even in

the Upd overexpressed flies, suggesting that some other

factors besides the JAK-STAT signaling may restrict the

RNSCs to the region of the lower tubules and ureters

(Singh, 2008).

Recent studies also suggest that tumors may arise

from small populations of so-called cancer stem cells

(CSCs). The CSCs probably have arisen from mutations

that dysregulate normal stem cell self-renewal. For example,

mutations that block the proliferation-inhibiting signals or

promote the proliferation-stimulating signals can convert the

normal stem cells into CSCs. This study demonstrates that

amplifying the JAK-STAT signaling by overexpressing its

ligand Upd stimulates the RNSCs to proliferate and also to

differentiate into RC, which results in tumorous overgrowth

in the MT. Therefore, the Drosophila RNSC system may

also be a valuable in vivo system in which to study CSC

regulation (Singh, 2008).

The RNSCs are located in the region of the lower

tubules and ureter of the MTs, while ISCs are located at

the posterior midgut. The MTs’ ureters connect to the

posterior midgut. The two types of stem cells are at close

anatomical locations in the adult fly digestion system and

also share some properties. For example, both of them are

small nuclear cells, Arm-positive, and express esg. However,

RNSCs and ISCs produce distinctly different progenies.

ISCs produce progenies that include either Su(H)GBE-

lacZ- or Pros-positive cells, which are not among the

progenies of RNSCs because Su(H)GBE-lacZ and Pros
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are not expressed in the MTs. RNSCs produce progenies

that include Cut- or TSH-positive cells, which are not among

the progenies of ISCs because Cut and TSH are not

expressed in the posterior midgut. One possibility for this

difference is that, although RNSCs and ISCs originate from

the same stem cell pool, their particular environments restrict

their differentiation patterns. Future experiments, such as

transferring RNSCs to the posterior midgut and vice versa,

should be able to test this model (Singh, 2008).

The JAK-STAT signaling regulates self-renewal of

the male germline, the male somatic, female escort stem

cells in fly. The signaling also regulates self-renewal and

maintenance of mammalian embryonic stem cells. This study

reports that the JAK-STAT signaling regulates self-renewal

of RNSCs. The JAK-STAT signaling may be a general stem

cell signaling and also regulate stem cell self-renewal in other,

un-characterized stem cell systems (Singh, 2008). esg has

been used as a marker of both male germline stem cells.

This study has demonstrated that the esg-Gal4. UAS-GFP

transgene is specifically expressed in RNSCs. The function

of the esg gene is to maintain cells as diploid in Drosophila

imaginal cells. Stem cells may have to be diploid, and esg

may be a general stem cell factor. Identifying a stem cell

signaling pathway (such as the JAK-STAT signal

transduction pathway) and a stem cell factor (such as esg)

will provide useful tools for identifying stem cells in other

systems and for understanding stem cell regulation in general

(Singh, 2008).

Techniques Involved in Tissue Engineering to Induced

Differentiation of Pluripotent Stem Cells:

1.Morphological analysis

-Alkaline phosphatase staining

2.Molecular assays:

-Analysis of pluripotency gene expression

(a) RT-PCR (b) Immunostaining (c) Pluripotency

marker

-DNA methylation analysis

(a) Bisulfite sequencing

           -Transcriptional profiling

           -Karyotyping

            -ESC-like histone modifications (ChIP)

- X chromosome reactivation (FISH)

            - Retroviral silencing

      3. Functional character

           -Analyze in vitro differentiation

           -Analyze in vivo differentiation (Teratomas,

Chimeras, Tetraploid complementation)

           -Mate to test germline transmission

(1) Morphology – The first indication that a

differentiated cell has been reprogrammed into an iPSCs is

a change in morphology of the cells growing in the petri

dish. For example, skin cells grow as flattened cells in a

dish; however, as they become reprogrammed the iPSCs

grow in round clumps known as colonies. The colonies are

visible under a microscope, and can be picked using careful

techniques in the laboratory. Once colonies are picked, they

can be expanded to generate a clonal iPSC population.

(2) Expression of pluripotency markers – During

reprogramming, the differentiated cells turn off genes that

are expressed in a differentiated state, and turn on the

expression of genes that are uniquely expressed in an

undifferentiated state (pluripotent stem cells). Because these

genes are only expressed in pluripotent stem cells and not

in other cell types, they are referred to as pluripotency

markers. Expression of pluripotency markers is like a

molecular signature that lets scientists know that the cells

have been reprogrammed to a pluripotent state.

(3) Cell culture – For Drosophila, Schindler’s cell

line (S2), an epithelial-like cell line, was purchased (ATCC,

CRL 1963) and passaged (1:10) and maintained per

supplier’s specifications in Drosophila complete medium.

BG2 cells were purchased from the Drosophila Genome

Research Center (ML-dmBG2; number 51), and

maintained with growth culture conditions provided by the

center. Mouse embryonic stem cells (ESCs; line R1 [Nagy

et al, 1993]) were cultured using standard conditions
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(Joyner, 1999). Chicken ESCs (25th passage) were provided

by Dr Bertrand Pain (Clermont University, France) and

cultured according to their protocol (Lavial et al, 2007).

Adult cell lines for mouse were either generated or

purchased.

(4) Vectors – Lentiviral vectors were generated in

human embryonic kidney (HEK) 293T cells (Cell Biolabs,

San Diego, CA, Cat # LTV-100), using a third-generation

lentiviral system, following a previously described protocol

(Cockrell and Kafri, 2007). Prior to transfection, the cells

were plated on 10 cm collagen coated plates at a density

that resulted in 60–70% confluency at  the time of

transfection. A transfection mix was prepared with either 5,

10, or 15 µg of DNA of the STEMCCA vector or control

GFP lentiviral vectors (EF1α-GFP; both kindly provided

by Dr Gustavo Mostoslavsky), packaging cassette (REV

and Gag/Pol, 10 µg) and the VSV-G (5µg) envelope

expression cassette, respectively. The cells were then

transfected with the mix, using 40 µl of Lipofectamine

(Invitrogen, Carlsbad, CA) per plate. 8 hr after the addition

of DNA, the transfected cells were washed with PBS and

fresh complete media as used for mouse cells. Media with

viral particles were collected every 24 hr for the next 48 hr

and stored at 4°C until complete. Viral particles were

separated from cellular debris by centrifugation at 4000g

for 5 min followed by filtration through a 0.45-micron filter.

The titer was measured using Quick-Titer (Cell Biolabs Inc,

Cat # VPK-112) and promptly stored at “80°C. If

necessary, titer concentrations were increased by

ultracentrifugation (SW-29 rotor) at 50,000g for 2 hr,

followed by re-suspension in PBS (pH = 7.2). A

commercially available human stem cell cassette with GFP

(Biosettia, cat# iPSC-p4F01) on the avian cells was used.

We established DNA preps and lentiviral vectors as above.

Maximum titer was significantly less than with the

STEMCCA cassette (2.5 × 108 U/ml). For Drosophila

transductions, we also generated a plasmid with the

Metallothionein inducible promoter from the vector pMT/

BiP/ V5-His A (Invitrogen). The four transcription factors

in the STEMMCA cassette described above were cloned

into pMT/BiP/V5-His A in two steps: first, the Oct-4 and

Klf-4 segment, followed by the Sox-2, c-myc segment.

The cloning was confirmed by sequencing using plasmid

and gene specific primers.

(5) Alkaline phosphatase staining – Alkaline

phosphatase (AP) is a universal pluripotent marker for all

types of pluripotent stem cells including embryonic stem

cells,  embryonic germ cells, and induced pluripotent stem

cells. The pluripotent status of stem cells can be

characterized by a high level of AP expression, along with

the expression of multiple pluripotency markers including

the transcription factors Nanog, Oct4, Sox2 stage specific

embryonic antigens, SSEA-1, -3, -4, and tumor related an

tigens, TRA-1- 60, TRA-1-81.Alkaline phosphatase (ALP)

activity was measured using the STEMTAG

Immunohistochemical Kit (Cat# CBA-300, Cell Biolabs),

following the manufacturer’s protocol. Control fibroblasts,

ESCs, and iPSCs were washed with PBS, and fixed with

either 4% paraformaldehyde or the kit’s fixing solution for

10 min at room temperature. The fixing solution was then

aspirated, the staining solution was placed in each well for

30 min and stored in the dark at room temperature. The

wells were washed with dH20 3 times and images were

taken immediately under a stereomicroscope without

coverslipping. A dark blue/purple color product indicates

the presence of ALP enzymatic activity normally found in

stem cells, whereas differentiated cells will not stain. The

same protocol was also employed, in some instances, with

Vector Red as an indicator (Vector Laboratories, inc,

Burlingame, CA).

(6) Transduction of cells and iPSC culture –

Transduction was performed using the ViraDuctin system,

as per supplier’s protocol (Cell Biolabs, Cat # LTV-201)

in complete media. Before transduction, cells were thawed

and cultured in complete media until 80% confluent. After

transduction, cells were grown for 5 days (2 days for

Drosophila), then passaged (first passage), and let to grow

for approximately 20 days (8 days for Drosophila) in 3i
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Media (Stem Cell Sciences, UK, SCS-SF-ES-01) or our

mouse stem cell media for mouse cells (Ying et al., 2008),

and Drosophila stem cell media. Drosophila cells grew

faster than the vertebrate fibroblasts, and thus, markers were

observable at earlier time points. Cells were then

subsequently passaged when cultures reached confluency,

which was every 3 days for Drosophila cells, and divided

1:10 (Drosophila, due to more rapid growth). Before we

performed detailed analyses on multiple transfections, viral

transduction efficiency values were assessed at three

different STEMCCA concentrations in 48 well plates and

cell colony forming units quantified in the vertebrate species.

We measured 11 independently transduced plates, and

analyzed differences based on titer and species. Based on

these initial transduction experiments, most subsequent

transductions were performed at 108 U/ml for mouse and

9.5 × 109 U/ml for fly to achieve similar colony forming

unit levels as starting points for our analyses. For subsequent

analysis, in order to achieve statistical confidence, we

transfected 12 to 30 wells seeded with primary cells, in

seven different independent experiments. Each well was

independently transfected. Samples of the cells were then

extracted at various time points, to identify the presence of

exogenous or endogenous genes and proteins, via RT-PCR

and immunocytochemistry, respectively. For all species,

negative control groups were conducted utilizing fibroblasts

transduced with a GFP containing lentivirus and grown in

the stem cell media. For in vivo pluripotency experiments,

both fibroblasts and iPSC-like cells were first transduced

with the GFP lentiviral vector (titer 108), following the same

transfection protocol. We also performed post induction

GFP transfection on the Drosophila cells, although these

were not used for in vivo studies. To transduce S2 cells

with the Metallothione in inducible promoter plasmid, we

used a previously described protocol (Santos et al, 2007).

To induce expression of the transcription factors, 1–2 days

after transfection, copper sulfate was added to the medium

to a final concentration of 500 µM (5 µl of a 100 mM

CuSO4 stock). Colonies were observed after around the

7th day, but they numbered less than with cells transduced

phosphatase staining and formed embryoid bodies.

(7) qRT-PCR – Cells or embryoid bodies were spun

down and RNA isolated using a standard kit (Promega SV

total RNA isolation system, Z3105). RNA was quantified

using a NanoDrop 2000c (Thermo Scientific, Waltham,

MA) and then stored in “80°C. Complementary DNA

(cDNA) was produced by reverse transcription (RT) in a

20 µl reaction using the supplier’s protocol (10 µl of 2X RT

buffer and 1 µl of 20X Superscript II enzyme; Applied

Biosystems). The cDNA was then used as a template to

perform PCR gene expression assays in 20 µl reactions

containing 1 µl template (2 µg/µl), 10 µl 2X Gene Expression

Master Mix (BioRad, Hercules, CA) and forward and

reverse TaqMan primer  probes (Generated by Applied

Biosystems) [Developmental biology and stem cells

Rosselló et al. eLife 2013;2:e00036. DOI: 10.7554/

eLife.00036] or in 20 µl reactions containing the same

reagents, but in place of TaqMan primers, custom PCR

primers and 1 µl SYBR green (BioRad). To discriminate

between endogenous and exogenous expression of the stem

cell genes across species, different primers were generated

for mouse and the non-mammalian species, using non-

overlapping sequences. To discriminate between mouse

exogenous and endogenous genes, primers to the WPRE

region of the vector were used. Using this strategy, the

estimated relative amount of endogenous expression was

calculated as the expression level of the WPRE segment

subtracted from the total RNA of the mouse specific

transcription factors. The reactions were performed in a

Cx96 real-time machine (BioRad). Cycling conditions were

95°C for 10 min, followed by 35 cycles of denaturation at

95°C for 15 s and annealing/extension at 60°C for 1 min.

No-template controls were run for each primer set and

probe. 18S rRNA endogenous control was run for each

sample using TaqMan primers that recognized the RNA in

all species tested (Cat# Eukaryotic 18S RNA

HS99999901_S1; Applied Biosystems). The results were

normalized to the endogenous 18S expression and to the

gene expression level of the control fibroblast/primary cell

groups using the AA CT method common for RT-PCR

analyses. All primers showed efficiency levels above 90%,
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using the protocol in the MIQE guidelines (minimal

information for publication of real-time PCR experiments)

Fig 2 – Upregulation of Stem Cell Genes in Mouse, Birds, Fish, and Drosophila by Mouse Transcription Factors. (A–

D) qRT-PCR of Exogenous (Black) Mouse and Endogenous (Green) Species-specific Expression of Oct-4 (A), Sox-

2 (B), c-myc (C), and Klf-4 (D) in iPSC-like Cells of Each Species after the Second Passage Relative to (Normalized)

Non-transduced Fibroblast Controls (Blue). Mouse and Chicken ESCs Were Included as Positive Controls (Red).

(Bustin et al., 2009). For statistical analysis, 2-way

ANOVAs were performed on two factors (genes and cell

types [iPSC, fibroblast, ESC, EB]) on n = 5 independently

transduced lines (replicates) for each of the vertebrate

species or n = 3 independent lines for the Drosophila cells.

2]-2,5-diphenyltetrazolium bromide) Quantitative Cell

Proliferation Assay (Cat# 30-1010K; ATCC). Tetrazolium

salts are reduced metabolically by the cells, resulting in a

colorimetric change. The resulting intracellular purple

formazan is solubilized and quantified spectrophotometrically

(at 570 nm). Cells (induced and controls) for all species

were plated at 10,000 cells/well (in quintuplets, from

independently transduced cells) and incubated for 24 hr.

10 µl of the MTT reaction solution was added to each
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(8) MTT (proliferation) assay – To assess

proliferation, we used the MTT (3-[4,5-Dimethylthiazolyl-



plate and incubated for 3 hr. 100 µl of detergent was added

to each plate, stored for 2 hr in the dark (room

temperature), and the absorbance was measured at 570

nm using a Molecular Devices Emax Microplate Reader.

Fig 3 – Karyotyping and in vitro Pluripotency of iPSC-like Cells. (A) Embryoid Bodies (EB) from iPSC-like Cells in

Differentiation Media. (B) qRT-PCR Gene Expression Analyses of Nestin (Ectoderm Marker), Brachyury

(Mesoderm), and Gata-4 (Endoderm) Homologs in Undifferentiated iPSC-like Cells (Green) and in EBs (Yellow)

from Mouse, Bird and Fish Relative to Their Control Fibroblasts (Normalized; Blue). Error bars, S.E.M. (n = 5

Replicates of Independently Generated Cell Lines or EBs)

ANOVA was performed to test for differences between

cell types and species (n = 5 independent lines, per species).

Statistical significance was considered at p<0.05.

(9) Telomerase activity – Telomerase expression

is low or absent in most somatic tissues, but not in germ

cells, stem cells, and tumors (Meyne et al, 1989). The

telomerase binds to a particular repeat sequence TTAGGG

present at the ends of chromosomes of most eukaryotic

species and extends them during cell replication. Telomerase

enzymatic activity was determined using the Quantitative

Telomerase Detection Kit (BioMax, USA, MT3012),

following the manufacturer’s protocol. Cell extracts

containing proteins and RNA were generated from the

ESC, iPSC, and control fibroblast, and then telomerase

activity was measured. If telomerase is present, it adds

nucleotide repeats to the end of an oligonucleotide substrate
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of the kit, which is subsequently amplified by real time

qPCR. Quantitation was carried out by the PCR software

of the BioRad Cx96 system. Positive control (template

provided with kit) and negative control (heat inactivated

samples) reactions were performed. Cycling conditions for

the BioRad Cx96 real-time machine were as follows: 48°C

for 10 min and 95°C for 10 min, followed by 40 cycles of

95°C for 15 s (denaturation) and 60°C for 1 min (annealing/

extension). All reactions were performed in quintuplets.

Paired t-tests were performed to test for differences of

telomerase in the iPSC-like and control fibroblasts of each

cell line. Statistical significance was considered at p<0.05.

(10) Karyotyping – Karyotyping was performed as

previously described (Bangs and Donlon, 2005), by

Karyologic, inc. Briefly, cells were seeded in t-25 tissue

culture flasks, and allowed to grow. Colchicine (Colcemid,

Invitrogen 15210-040) was added to each flask (0.25 ml/

5 ml media) and incubated at 37°C, 5% CO2 for 12 hr.

Cells were then trypsinized, transferred to 15 ml tubes and

spun down at 1200 RPM, for 8 min. Cells were then

resuspended in 0.0075 KCL and incubated at room

temperature (6 min) before being spun down again. Cells

were then fixed with Methanol/Acetic acid fixative (3:1)

and stored overnight. Cell suspensions were then dropped

into cold slides, dried and baked for 20 hr at 65°C. In

order to assess the banding of the chromosomes, slides

were treated with 0.05% trypsin 0.02 EDTA at room

temperature for 12 s, rinsed quickly in 100% ethanol and

then in Gurr’s phosphate buffer (pH 6.8, Invitrogen

#10582-013). Slides were then stained with Karyomax

Giemsa (Invitrogen #10092-013), per manufacturer

instructions. To assess the chromosomes, Applied Imaging

Genus Cytovision Software (v2.8) was used.

(11) Embryoid body formation – In order to form

embryoid bodies (EBs), the hanging drop method was used

(Keller, 1995). After harvesting the iPSCs or control

fibroblasts (or S2 cells) directly from culture on the stem

cell media, they were washed with PBS (pH7.4; Gibco) to

remove any LIF and resuspended in ‘differentiation media’

which is complete media for each species excluding LIF,

cytokines, chemical inhibitors and mercaptoethanol. The

cells were then micropipetted in 20 µl drops containing

<“500 cells each on the lids of bacteriological plates (Sigma,

100 mm). The lids were inverted over a dish filled with 10

ml PBS and incubated for 2–3 days. After the embryoid

bodies had formed from the iPSC-like cells, the drops were

flushed from the lid with differentiation media and grown in

suspension culture for another 3–5 days. Embryoid bodies

.were then collected via pipette, RNA extracted (as above),

and qRT-PCR analysis conducted (as above).

(12) Immunohistochemistry (Fig 4) – For SSEA-

1 labeling, reactions were performed on cells cultured on

coverslips in 24 well plates. The primary SSEA-1 antibody

(Cat# 480, Santa Cruz Biotechnology, Dallas, TX) was

diluted (1:200) in PBS. A secondary anti-mouse IgM

conjugated to a green fluorescent molecule (Abcam,

Cambridge, MA) was diluted (1:500) and incubated at 4°C,

overnight. The cells were then washed 3X in PBS and

coverslipped with DAPI solution (VectaShield; Vector

Labs). Images were taken using a fluorescent microscope

(Olympus Bx61).

For GFP labeling (performed by the Duke University

Pathology Lab), chicken or zebrafish embryos, or positive

control tissue slides (Mouse GFP positive brain sections),

were cut at 5 µm on a paraffin block and mounted into

glass slides. These were dried for at least 30 min at 60°C in

an oven. The slides were deparaffinized in three changes of

xylene (5 min each), 2 changes of 100% EtOH (3 min each),

and 2 changes of 95% EtOH (3 min each). Rehydration

was performed in dH2O for 1 min. To block endogenous

peroxidase activity, 3% hydrogen peroxide was used for

10 min, followed by a rinse in dH2O to remove antigens.

For the primary antibody (Anti-Rabbit GFP Abcam ab290,

diluted at 1:100 in PBS [pH = 7.1]), 200 mls of the citrate,

pH 6.1, antigen-retrieval buffer from Dako (10X

concentrate) were used. The buffer was preheated to 80°C

in a Black and Decker vegetable steamer for 20 min. The

slides were then cooled to room temperature in running tap
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water (about 15 min). Slides were thoroughly rinsed in water

and placed in TBST. After antigen retrieval, 10% normal

Fig  4 – Immunostaining and Fluorescent Microscopy Using GFP, DAPI as a Marker

rabbit serum was applied to the slides and incubated for 60

min at room temperature. Afterwards, they were washed

with PBS and the excess was drained. After incubation,

Vectastain Elite ABC was used, followed by DAB

chromagen (Dako), and incubated for 5 min, followed by

washing. All slides were counterstained in hematoxylin for

30s. Slides were rinsed in tap water until clear and

coverslipped.

(13) Teratoma formation – Chicken and quail

iPSC-like cells and control fibroblasts were grown in 6 well

plates, detached, and spun down (200g, 5 min). The

supernatant was removed, and cells were cleaned and re-

spun with PBS (1X, pH: 7.2). The concentration of cells

was adjusted to 5 × 106 cells per ml. 5-week-old male

SCID mice (N:NIH-bg-nu-xid; Charles River Laboratories,

Raleigh, NC) were used for each experiment. Animals were

anesthetized with intraperitoneal injections of ketamine–

xylazine (50 and 5 µg/g, respectively) in saline. 100 µl of
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the cell solution was injected into the mouse testes.

Afterwards, the mice were let to recover from the anesthesia

on a heating pad (Kent Scientific). After 5 weeks, the mice

were sacrificed, and the testes were removed to assess

Fig  5 – Differentiation of H7 hES cells to lung epithelial cell-specific lineages. a Outline of formation of EBs from H7

hES cells and differentiation to alveolar epithelial cells in SAGM and BEGM. b Undifferentiated hES cells (within

circle) were expanded on c-irradiated MEF feeders for 4–6 days followed by formation of c EBs in suspension

culture overnight after aggregation. d day 4 EBs were cultured in ultra-low attachment plates for 10 days and then

transferred to gelatin-coated plates and cultured with either e–g SAGM or h–j BEGM for 12 days (g and j are insets

of SPC- FITC+ cells). AEII cells were flow sorted as surface SP-C+ cells and enriched in SAGM for an additional 4

days to amplify cell numbers for transplantation. At each stage, cells were fixed in chamber slides for IF microscopy

[green probe is FITC-conjugated lineage (epithelial) marker and blue probe is DAPI-stained nuclei of live cells]. f, g

show enriched AEII cells and i, j Clara cells
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teratoma formation by histology (H&E). medium” (SAGM) or “bronchiolar epithelial growth

medium” (BEGM) for differentiation into lung lineage-

Generation of Lung Lineage-specific Airway Cells

from Stem Cells – A Case Study with Two Different

Sets of Human Cell Lines:

H7 (Originator WiCells, WI, USA)

Expansion, differentiation, and in vivo functional

validation of human embryonic stem cells for

regenerative therapy using murine lung injury model:

Murine and human embryonic stem cells have been

employed to generate AEI, AEII, and Clara cells1-6 and

also to repair airway injury in fibrosis models (Banerjee et

al, 2012). As an example as reported by Banerjee et al,

2012, human (h) ESC H7 cells were differentiated in vitro

into lung epithelial lineage-specific cells (i.e., alveolar

epithelial cells types I and II cells and Clara cells) as the

initial developmental step for a cell-based strategy to repair

pulmonary injury in the bleomycin mouse IPF model (Fig

5). Undifferentiated hESCs after culture in embryoid body

formation were cultured in either a “small airways growth

specific cells. Differentiation of the hESCs was skewed to

a predominantly AEII phenotype (i.e., 68% AEII cells, 12%

AEI cells, and 4% Clara cells) by culture in SAGM and to

a Clara cell phenotype (i.e., 33% Clara cells, 12% AEII,

and 2% AE I cells) by culture in SAGM and to a Clara cell

phenotype (i.e., 33% Clara cells, 12% AEII, and 2% AE I

cells) by culture in BEGM by immunostaining [(aquaporin-

5 (AQP-5), caveolin, and ICAM-1 for AEI cells, surfactant

proteins C and D (SP-C, SP-D) and aquaporin-1 (AQP-

1) for AEII cells, and Clara cell-specific protein-10 (CC-

10) for Clara cells) and by electron microscopy. mRNA

expression for the AEII marker SP-C increased 15-fold in

the hESCs cultured in SAGM whereas expression of the

Clara cell marker CC-10 increased 6-fold in the cells

cultured in BEGM. It was noted that incubation of the hESCs

after differentiation into alveolar and bronchiolar non-ciliated

epithelial cells with ICG-001, the small molecule inhibitor

Wnt/β-catenin/CBP transcription, changed the cells from

Fig 6 – Percentage of Positive Cells as Mean ± SEM
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Fig 7 – Outline of formation of EBs from BJNhem20 cells and differentiation to alveolar epithelial cells in SAGM.

Differentiation of BJNhem19 and BJNhem20 cells to lung epithelial cell – specific lineage. An outline of formation of

EBs from BJNhem19 and BJNhem20 and differentiation to alveolar epithelial cells in SAGM and BEGM.

the AEII phenotype to a predominantly AEI phenotype as

demonstrated by flow cytometry and

immunocytochemistry2-5. Thus inhibition of Wnt/β-

catenin positive cells, 12% AEII, and signaling promotes

transdifferentiation of type II alveolar epithelial cells to type

I cells.

Fig 6 shows intracellular expression of Oct3/4,

SSEA-3, SSEA-4 (pluripotent markers) in permeabilized

cells were done through flow cytometry for identification of

differentiation stage of the cells in culture. The percentage

of positive cells is shown as mean ± SEM (n = 3

independent experiments with flow data collected in

triplicate). BJNhem19 was grown in defined medium

following the standardized recommended protocol for H7

expansion which is briefly described here: Expansion of H7

hES Cells NIH approved (NIH code WA07)

undifferentiated hES cell line H7 was obtained from WiCell

Research Institute (Madison, WI), and cells from passage

25 to 35 were used. For propagation of the H7 cells in

undifferentiated state, the ES cells were initially grown on

primary mouse embryonic fibroblast (MEF) feeder cells

prepared from timed pregnant CF-1 female mice (day 13.5

of gestation) that had been c-irradiated with 3000 rads for

5 min, and then directly in conditioned medium in which the

above cirradiated MEF cells were cultured to ensure purity

of human cells and progressively eliminate any mouse

feeders from the cultures. The medium contained

Dulbecco’s Modified Essential Medium (DMEM), 10%

heat-inactivated fetal bovine serum (FBS), and 2 mM L-

glutamine as described previously. The hES cells were

cultured in ES medium [i.e., knockout (KO) DMEM

supplemented with 20% knock-out serum replacement

(KOSR; Invitrogen, Carlsbad, CA), 1 mM sodium pyruvate,

0.1 mM 2bmercaptoethanol (ME) (Sigma-Aldrich

Corporation, St Louis, MO), 0.1 mM minimum essential

media (MEM), 1% nonessential amino acids (NEAA;

BJNhem 19 & 20 (Originator JNC SAR, Bangalore, India)

A REVIEW ON VARIOUS TISSUE ENGINEERING TECHNIQUES– GHOSH AND RAY BANERJEE    145



Mediatech, Herndon,VA), 1 mM L-glutamine, and 2 ng/ml

basic fibroblast growth factor (bFGF) (R&D Systems,

Minneapolis, MN)]. For cell culture, 6-well 10 cm2 tissue

culture plates, coated with 0.1% gelatin were used, and all

cultures were done in a humidified 5% CO2 incubator at

37uC.

Expansion of human embryonic stem cells:

Human embryonic stem cell (hESCs) lines BJNhem19 and

BJNhem20 were obtained from JNCASR, India which is

claimed to be karyotypically normal, sibling human ES cell

lines representing the Indian ethnic background. These cells

were derived from the inner cell mass (ICM) of grade III

poor quality blastocysts that were not suitable for in vitro

fertility treatment. Both the lines as claimed by JNCASR

are pluripotent and have been extensively characterized and

cultured continuously for over 250 passages7.

 The aforementioned ESC lines were grown on

primary mouse embryonic feeder cells, for expansion and

propagation in an undifferentiated state. The feeder cells

were prepared from pregnant Balb C mice (13.5 days of

gestation), these cells were then cultured in MEF conditioned

media and then treated with Mitomycin – c to stop their

differentiation. The MEF was cultured in Dulbecco’s

Modified Essential Medium (DMEM), 10% fetal bovine

serum (FBS) and 2mM – L Glutamine. The hESCs were

cultures in ES medium, comprised of Knock out (KO)

DMEM supplemented with 20% Knock out serum

replacement (KOSR), 1 mM sodium pyruvate, 0.1 mM

2β-Mercaptoethanol (ME), 0.1 mM minimum essential

media (MEM), 1% non essential amino acids (NEEA), 1

mM L-glutamine and 2 ng/ml basic fibrobastic growth factor

(bFGF). For the purposes of cell culture 6 well 10cm2 tissue

culture plates, coated with 0.1% gelatin were used, and all

cultures were maintained in a humidified 5% CO
2 
incubator

at 37°C. The protocol for induction of alveolar epithelial

differentiation of hESCs was adapted from established

methods 2-5.

All Cells May Not Respond to Tissue

Engineering?

A novel strategy was used with spectacular success

for differentiating hES cells into endodermal lung lineage-

specific cells using human ESCH7 from WiCells, WI, USA6.

Alteration of the differentiation medium strikingly modified

the pathway of differentiation of EBs into different cell types

as we found using the H7 ESC. Culture of EBs in a

commercially available medium used for maintaining primary

culture of mature pulmonary alveolar cells SAGM

(excluding tri-iodothyronin and retinoic acid) promoted a

predominantly AEII cell phenotype there. In contrast, culture

in a commercially available BEGM (with tri-iodothyronin

and retinoic acid but without BSA) promoted differentiation

to predominantly bronchiolar alveolar cell (i.e., Clara cell)

phenotype. Lung lineage-specific cell differentiation was

achieved in a relatively shorter span of time (22 days) in

contrast to other reported lung lineage culture

conditions8-10. These culture media, normally used to

maintain and grow mature cells, could successfully induce

differentiation of pluripotent embryonic stem cells into three

types of mature lung lineage-specific non-ciliated cells.

Whereas AEI cells and AEII cells are found in the alveolar

areas, Clara cells are found in terminal bronchioles. This

study demonstrates that from the same clonal population of

undifferentiated hES cells, tissue engineering can be used

to skew differentiation into one or another type of functionally

competent mature cells.

Going on the same hypothesis, we embarked upon

inducing directed guided differentiation of two cell lines

BJNhem 19 and 20 generated in a JNCSAR lab11-15. We

used similar coaxing of the ESC as in our work with H7.

An important reason for our working with these cells was

the originator’s claim that the cells could grow in feeder-

free conditions. So we tried to condition the media following

their published protocol and culture the same. This showed

very poor yield which prompted us to shift to using feeders

(MEF) for culturing the cells in an undifferentiated state for

propagation and use in the subsequent differentiation

protocols as was our primary goal.

Despite various tested efforts and additional protocol

to induce differentiation through tissue engineering
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techniques, lung lineage specific cellular differentiation in

both human ESC lines BJNhem 19 and 20 were found to

be unsatisfactory. Repeated passages, fresh sub-cultures,

feeder-conditioned cultures and on-feeder-cultures, with

and without embryoid body formation failed to induce

differentiation of these hES in culture into non-ciliated lung

lineage-specific cells with intracellular and surface protein

markers and morphology characteristic of AEI cells, AEII

cells, and Clara cells11, 16-18.

According to the originator lab’s published papers,

BJNhem20 cells were seen to divide spontaneously into

cardiomyocytes in later passages and their differentiation

efficiency was increased with the induction of DMSO7. Venu

and team observed that only about 5% of early passage

EBs showed spontaneous appearance of beating

cardiomyocytes but in subsequent later passages this

percentage increased to 45.5% (
p
101), 58.3% (

p
115), and

62.5% (
p
135) of beating cardiomyocytes. In order to

validate these beating cardiomyocytes these cells were

checked for cardiac progenitor marker Tbx5 and

cardiomyocytes marker  α– actinin. Although, only a subset

of cultured cells expressed Tbx5, all cells analyzed showed

α – actinin. These results as per the authors confirm that

the BJNhem20 cell line is capable of differentiating into

cardiomyocytes. However, it might be noted that the

BJNhem19 cell line did not show any spontaneous

differentiation in to cardiomyocytes.

Combinations of extra cellular matrix plus defined

medium, such as Matrigel and mTeSR1 were also used

(data not presented). Similar results were obtained there

also showing a fundamental issue with the cells in growing

in an undifferentiated state. Thus one is compelled to

conclude that the cells cannot be grown feeder free.

Secondly, our attempt to induce respiratory differentiation

by culturing cells in serum containing medium followed by

SAGM or BEGM was also thwarted. There was no attempt

to differentiate the cells via a mesendodermal precursor,

then to foregut endoderm and finally to lung, which would

be the accepted stepwise protocol in current use. Now,

of debate.

Given our experience with H7 and BJNhem 19,

20 (Fig 7) what becomes immediately apparent is the

suitability of cells / cell lines or responsiveness to induction

by tissue engineering

Various Tissue Engineering Techniques to

Induce Differentiation of Pluripotent Cells  (Summary

Overview):

Controlling differentiation of human induced

pluripotent stem cells (hiPSCs) into targeted cell types

remain a challenge. Studies show that stem cells respond

to microenvironments, made of soluble and matrix-based

cues, to regulate their fate and commitment12.

Biomaterials containing calcium phosphate minerals

have been shown to promote osteogenic differentiation of

SCs. These materials have been shown to support in vivo

bone tissue formation. It has been seen that employing

biomineralised poly-(ethylene glycol)-diacrylate-co-acrylyl-

6-aminocaproic acid (PEGDA-co-A6ACA) matrices can

direct osteogenic differentiation of human bone marrow-

derived mesenchymal SCs (hMSC) and human embryonic

SCs (hESC). Mineralized matrices containing gelatin

methacrylate (GelMA) have been developed to induce

differentiation. SCs have been seen to differentiate on these

matrices, as well as in 3D macroporous hydrogels, in growth

media lacking osteoinductive soluble factors. However, cells

on mineralized matrices show spread morphology, while

those on non-mineralized matrices are aggregated. This

suggests better cell-matrix interactions in mineralized

matrices12.

Pluripotent cells are a potential source of autologous

cells for cell and tissue regenerative therapies. A drawback

of iPSC application in cell-based therapy is the associated

tumourigenesis, especially teratoma formation in the

implanted region. Supportive tissue engineering environment

and in vivo vascularized chambers have been developed

for implantation of human adult SCs and their subsequent

differentiation, but without teratoma formation13.
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Natural porcine nucleus pulposus (NP) tissues

contain large populations of notochordal cells (NCs). The

porcine NP serves as a matrix for differentiation of hiPSCs,

which acquired notochordal phenotype. Direct contact

between the porcine NP tissue and the hiPSCs is not

compulsory for notochordal differentiation, but may produce

higher yield. 3D gelatin microspheres (GMs) have been

found to be viable matrices for tissue engineering with human

adipose-derived SCs (ADSCs). ADSCs and GMs have

been assembled into cell-microsphere constructs. ADSCs

cultured in monolayer or on GMs can differentiate into

adipogenic, osteogenic and hepatic lineages, when

maintained in suitable differentiation media.

Conclusions:

Since their discovery four years ago, induced

pluripotent stem cells have captured the imagination of

researchers and clinicians seeking to develop patient-

specific therapies. Reprogramming adult tissues to

embryonic-like states has countless prospective applications

to regenerative medicine, drug development, and basic

research on stem cells and developmental processes.

However, many technical and basic science issues remain

before the promise offered by iPSC technology can be

realized fully. The ease with which iPSCs can be generated

with improved methodology has facilitatedthe development

of chemical and siRNA screens as wellas biochemical

studies that should further unravel themechanisms of this

process. The isolation of iPSCs has also sparked new

interest in interconverting mature cell types directly into each

other, which has already led to a number of remarkable

examples for pancreatic, muscle, and neural cell types. It is

likely that many other direct cell switches will be achieved

in the near future. It remains to be tested, however, whether

transdifferentiation works in the human system as well, and

whether lineage-converted cells are functionally equivalent

to their in vivo counterparts.

The key steps involved in this process consist of

the choice of factors and molecules used, their delivery

method, and the choice of target cell type, as well as the

parameters of factor expression, culture conditions, methods

to identify cells, and the assays used to verify pluripotency.

To fully exploit the abundance of new information requires

a standardization of certain parameters of the

reprogramming process, such as the calculation of

reprogramming efficiency and qualification of the pluripotent

state.

Finally, the Drosophila IPSCs represents a new

model for understanding the fundamental biological

mechanisms that control stem cell behaviour. In all of the

well-characterized niches, stem cells interact tightly with a

non-dividing partner cell that fixes theiranatomical location

and has an important role in niche function.

As such, this review has attempted to present a

comprehensive comparison of the currently available

technologies for iPSC derivation and put forth standards

to minimize variability between independent experiments,

thus providing a framework to aid in the designing and

conducting of future experiments, as well in the evaluation

of existing iPSC literature.
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Sacrospinous Ligament Fixation for Pelvic Organ Prolapse – An

Institution-based Study

Introduction:

  Pelvic organ prolapse (POP) is a common condition

in women. Women with POP often experience pelvic

discomfort, urinary and faecal problems, sexual dysfunction,

and an overall decrease in their quality of life1,2. Surgical

treatment is a feasible option  if  conservative management

fails. Various surgical techniques have been proposed to

correct POP with or without the  use of graft material.

Owing to recent US Food and Drug Administration

warnings about mesh-related complications, sacrospinous

ligament fixation (SSLF), as  a traditional vaginal procedure,

may play an important role again. Until recently, no technique

that preserves sexual functions has been universally

successful in the treatment of vaginal vault prolapse.

Therefore many different approaches have been published.

In the last several years, suspension of the prolapsed vaginal

vault to the sacrospinous ligament has gained popularity in

this country having previously been described in the

European literature. Sacrospinous ligament fixation (Fig 1)

is most widely published procedures and has a good result

with success rate exceeding 90%3. This procedure was

originally developed for therapeutic purpose only,  as a

method of treating patient with posthysterectomy vaginal

vault prolapse. More recently Nichols included its

prophylactic use at vaginal hysterectomy in patients with

advanced uterovaginal prolapse (grade III uterovaginal

prolapse and procidentia) cases4. In this study, we have

done prophylactic fixation of vaginal vault to sacrospinous

Abstract:

The objective behind the study was to assess the results of sacrospinous ligament fixation for vault suspension

during vaginal hysterectomy and vault prolapse. Thirty-five women with genital prolapse were subjected to

sacrospinous ligament fixation during vaginal hysterectomy and pelvic floor repair and 5 women with vault prolapse

had sacrospinous ligament fixation and repair done from May 2012 to October 2013 with one  year of  follow-up.

The intra-operative complication encountered was haemorrhage in one case (2.5%). The postoperative complications

were fever in 3 cases (7.5%), urinary tract infection in 4 (10%), buttock pain in 3 (7.5%) and vaginal cuff infection

in 1 case (2.5%). Late complications were foreign body granulation tissue at vault noted at 3 months follow-up and

recurrence of prolapse ie, 1o cystocele in 2 cases (5%) and recurrence of vault prolapsed in 1 case (2.5%) noted at

1 year of follow-up. Sacrospinous ligament fixation is a safe, efficacious and simple procedure which is indicated in

severe degree of prolapse with significant loss of vaginal supports and also in posthysterectomy vault prolapse.
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ligament at the time of vaginal hysterectomy in case of

advanced uterovaginal prolapse and in posthysterectomy

vault prolapse cases with meticulous follow-up of these

cases for about 12 months.

 The aims and objectives of the study are: (1) To

evaluate the long term efficacy of SSLF with pelvic floor

reconstruction for uterovaginal and vaginal vault prolapse.

(2) To study the operative morbidity associated with

sacrospinous ligament fixation with or without concomitant

vaginal hysterectomy.

• Procidentia

• Vault prolpase.

Exclusion criteria:

• Grade I and II uterovaginal prolapse.

Procedure:

The goal of the operation is total pelvic reconstruction.

The technique utilised was mainly the same as described

by Nichols5. The uterus or the uterine stump, if present was

first extirpated and the enterocele sac ligated as high as

possible. If the indication for surgery was posthysterectomy

prolapse, the operation began with incision of the vaginal

vault and deliberating and opening of the enterocele sac.

The peritoneum was closed as high as possible with a purse-

string suture and the enterocele sac excised. Anterior

colporrhaphy, when indicated, was performed at this stage

of the operation. If posterior colporrhaphy was indicated,

the posterior vaginal wall was opened and the pararectal

space dissected, mostly bluntly and the sacrospinous

ligament exposed. If posterior colporrhaphy was not

indicated the pararectal space was entered via an incision

in the vaginal vault.

A Deschamps ligature carrier (Fig  2) was introduced

through the ligament and the suture was cut at midpoint

making two stitches available. Polyglycolic  acid suture or

delayed polyglyconate  monofilament absorbable suture was

used. The stitches were sewn to both sides of the vaginal

vault, whereafter closure was at the midvagina level, the

fixation stitches were firmly tied  avoiding any suture bridge

between the vaginal vault and the ligament, thereafter the

rest of the posterior vaginal wall was closed. A vaginal pack

and  urine  catheter  was placed to be removed after 24

hours.

They were followed up after 3rd month, 6th month

and 1st year.

Fig 1 – Showing Palpation of Sacrospinous Ligament

Fixation

Fig  2 – Showing Deschamps Ligature Carrier

Materials and Methods:

Cases for the present study were taken from Calcutta

National Medical College and Hospital from the period of

May 2012 to October 2013. Total number of cases during

the period was 40. These patients were admitted to

gynaecological ward of the above hospital and were

scheduled for vaginal hysterectomy with sacrospinous

ligament fixation for pelvic organ prolapse and only

sacrospinous ligament fixations for vault prolapse. The

following information were collected ie, patients’ age,

detailed clinical history which included patients’ complaints,

duration and obstetric history and any significant past, family

and personal history.

Inclusion criteria:

• Grade III uterovaginal prolapse
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Results:

In this study 80% patients presented after the age of

50 and 20% patients presented before 50 years (Table 1).

Among all the patients 50% presented after 5 years of

menopause which reflected increasing rate of prolapse is

seen among patients with higher postmenopausal duration.

The study revealed that  60% were in grand multipara group

(parity > 4) (Table 2). So incidence of prolapse increased

with parity.

Most patients (87.5%) underwent Ward - Mayo’s

procedure with anterior colporrhaphy and posterior

colpoperineorrhaphy4  along  with  sacrospinous  fixation in

the present study and in case of vault prolapse one patient

underwent sacrospinous ligament fixation  along with pelvic

floor repair.

Mean time taken for vaginal hysterectomy with site

specific  repair was 2 hours whereas sacrospinous ligament

fixation was done in a mean time of 20 minutes, whole

procedure was carried out within range of 1.6  hours to 3

hours. In case of vault prolapsed  mean operative time was

around 1 hour. Mean blood loss per surgical procedure

ranged from 280-750 ml with mean blood loss being 345ml.

Out of 40 study population, 6 patients  received 1 unit of

blood  (to  compare loss of nearly 400ml of blood),  whereas

one  was transfused  with  2 units  of blood to compensate

nearly 650ml of blood loss. For all patients who underwent

vaginal  hysterectomy with  SSLF pre-operatively pelvic

organ prolapse quantification (POPQ) was done

immediately after operation which was again assessed  by

POPQ. There is considerable change in the outcome.

Almost vaginal  length of  6 cm was retained after surgery.

The  intra-operative complication encountered was

haemorrhage in  one case (2.5%), which was controlled by

digital  compression for 5 minutes. Out of  40 study group

3 patients (7.5%) suffered febrile illness and 4 patients

(10%)  were diagnosed to have  urinary  tract infection

which  was  managed  conservatively  with  antibiotics (Table

4). Three  patients  (7.5%) presented with  the complaint

of buttock pain who underwent surgical procedure

prolonged for  more  than  3  hours  were  treated by

injection cobalamine for 5 days. Postoperative wound

infection was found  in  one  patient  (2.5%)  who was

treated  with  higher  antibiotics for five days.

With  a total of  one  year  follow-up the present

study reflected that, out of 40 patients 36 did  not have any

complaints which  accounts  to  90%, two   patients had

first degree cytocele, one patient had granuloma and one

patient presented with recurrence of vault prolapse within

Table  1 – Showing Agewise Distribution of Cases

Table 2 – Showing Paritywise Distribution  of Cases

Table  3 – Showing Distribution of Cases according

to Types of Prolapse

In this present study, 67.5% of patients had grade

III uterovaginal prolapse and 20% had procidencia and

12.5% had vault prolapse (Table 3).
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Age 

(years) 

No of cases 

(%) 
40-50 8 (20%) 

50-60 20 (50%) 

>60 12 (30%) 

 

Parity No of cases (%) 

<4 16 (40%) 

>4 24 (60%) 

 

 Types of prolapse No of cases (%) 

3rd degree prolapsed 27 (67.5%) 

Procidentia 8 (20%) 

Vault prolapse 5 (12.5%) 



1 year of surgery (Table 5). In that case abdominal

sacrocolpopexy  was planned  for  further  management.

Table 4 – Showing Complications of SSLF

Table 5 – Showing Long Term Outcomes of SSLF

Table 6 – Complications of the Present Study and Its Comparison with other Studies
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Discussion:

Richter  and  Albrich6 popularised  SSLF in  Europe,

a  procedure  primarily introduced  by  Sederl7. In the United

States Randall  and  Nichols reported the first  results of

this technique4. SSLF was originally used to correct

 

Complications  Malti et al
3
 (n=35) Cruikshank

10
 

(n=48) 

Present study 

(n=40) 

Fever 5 4 3 

Buttock pain - - 3 

UTI 4 3 4 

Vaginal cuff infection 1 - 1 

Retention of urine 1 - - 

SUI - 2 - 

Granuloma  - - 1 

posthysterectomy vaginal vault prolapse and total

procidentia with weak or atrophied cardinal-uterosacral

complex. Indications have expanded to include

posthysterctomy enterocele8  and controversial prophylactic

procedure upon hysterectomy in patients with  elevated  risk

of subsequent vault prolapse5,9,10-12. Treatment of almost

invariably coexsisting enterocele is of fundamental

importance5,11. As a vaginal procedure SSLF allows

concurrent treatment of anterior and posterior vaginal wall

prolapse, which is present in at least 2/3rds of cases with

total prolapse13. Repairing  all defects of the pelvic floor

concomitantly is crucial for good outcomes14,15. A  recent

study of 695 patients by Cruikshank and Muniz16 nicely

highlighted this; in their study better long-term outcomes

were obtained when pelvic floor was performed

concomitantly with  SSLF than with SSLF  and enterocele

resection only. Other advantages of this technique include

avoidance of laparotomy (or laparoscopy) and general

 Complication                        No of cases (%) 

Haemorrhage 1 (2.5%) 

Fever 3 (7.5%) 

Buttock pain 3 (7.5%) 

Urinary tract infection 4 (10%) 

Vaginal cuff infection 1 (2.5%) 

Retention of urine 0  

SUI 0  

 Outcome 3rd month 6th month 12th month Total  

SUI 0 0 0 0 

Vault prolapsed 0 0 1 1(2.5%) 

Cystocele 0 1 1 2(5%) 

Rectocele 0 0 0 0 

Enterocele 0 0 0 0 

Vault granuloma   1 0 0 1(2.5%) 



anaesthesia, resulting in fewer complications and less

postoperative pain, greater cost-effectiveness17, shorter

hospital stay,  decreased blood  loss  and preservation of

coital function18,19.

The technique involves unilateral, usually right-sided,

fixation of the vaginal apex to the sacrospinous ligament.

The left side can be used as well and also bilateral fixation

has been used, although its advantages have never been

studied5,18. Modification of this technique includes the

“Michigan approach” and anterior vaginal sacrospinous

ligament fixation8,20.  A variety of instruments are available

for perforating the ligament16,21,22. Use of synthesis mesh

for attachment has also been reported16
.

Treatment of  massive genital prolapse  is very much

challenging. The goals of reconstruction surgery are

permanent relief of symptoms, restoration of  anatomy and

maintenance of vaginal capacity for sexual function in

sexually active patients without adverse effects of surgery23.

The relatively large number of women presenting to our

hospital with advanced uterovaginal prolapse or vault

prolapse over a period of 18 months suggests it is a

significant and perhaps underrated problem.

In this study, out of 40, 27 patients had grade III

uterovaginal prolapse, 8 had procidentia  and the rest 5

had  presented with vault prolapse.  SSLF  was  done  in

all patients with or  without vaginal hysterectomy + pelvic

floor  repair according to Kari and Pentti24. One  year follow-

up was done postoperatively to all the patients.

When  comparing complications with Cruikshank10

and Malti et al3 the present study showed urinary tract

infection was most common (4/40) and 3 patients had  fever

(Table 6). But 3 patients had sciatica due to prolonged

surgery, all 3 had  recovered. Unfortunately one patient

had vaginal cuff infection which was managed with higher

generation antibiotics. The rate of postoperative vaginal cuff

infection in published papers has varied from 0.3 to 18%.

In the present study it was 2.5%.

Intra-operative blood loss (mean 345ml) in this

present study is comparable with the previously reported,

with mean or median values ranging from 225 to 585 ml1,12.

In this study 17.5% received blood transfusion as blood

loss was >400ml. Sze and Karram18 reported that 2% of

patients had blood transfusion and others have reported

frequencies from 0.5-8%.Buttock pain probably due to

nerve injury was seen in only 7.5%  of patients and was

relieved within three weeks with conservative management.

Monk et al25 have reported higher frequency and

enen foot drop.  Proper knowledge about the anatomy of

sacrospinous ligament and its relation with the adjacent

structure is the most important factor to reduce the injury

of pudendal nerve and massive haemorrhage due to vascular

injury26.

SSLF has many advantages. As a vaginal procedure

it can be performed under regional anaesthesia, laparotomy

is avoided and it facilitates concurrent pelvic floor repair,

which is mandatory in relieving the patients symptoms. One

of the main concerns of SSLF of a high incidence of

cystocele, albeit with great variation in incidence. In contrast,

Smilen et al27 reported that cystocele formation after

anterior repair was not less frequent without concomitant

SSLF.

The  cure rate in the present study was 92%, whereas

in the literature it has varied 67-90%. Cystocele incidence

was 5% when in literature it has varied from 0-92%. Sze

and Karram18 summarised outcomes of 1062 patients

undergoing SSLF and reported 8%  incidence of cystocele.

The  percentage  of  symptomatic  cystocele  was not

reported  in  that  meta-analysis.

Retroversion of the vagina leading to an unprotected

anterior vaginal wall has been suggested to predispose to

cystocele formation28.  A  group under Smilen et al27

reported  that concomitant  SSLF with anterior   repair  did

not  affect the incidence of recurrent cystocele.

The incidence of recurrent vault prolapse here was

2.5%, that in published studies being  4 % (125  recurrences

in 2883 patients), ranging from 029 to 21%30. So in the

present study overall reoperation rate was 2.5%, while  Sze

and  Karram18  reported 3% in their  review.

Conclusions:
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SSLF  with  pelvic floor repair is an efficient and well-
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term  results.



25.Monk BJ, Ramp JL, Montz FJ, Lebherz TB.
Sacrospinous ligament fixation  for  vaginal vault
prolapse: complications and results. J Gynecol Surg
1991;7:87-92.

26.Alevizon  SJ,  Finan  MA. Sacrospinous colpopexy:
management of postoperative pudendal nerve
entrapment. Obstet Gynecol 1996;88:713-5.

27.Smilen SW, Saini Y, Wallach SJ, Porges RF. The risk
of cystocele after sacrospinous ligament fixation. Am

J Obstet Gynecol 1998;179: 1465-72.
28. Cundiff GW, Addison WA. Management of pelvic organ

prolapse. Obstet Gynecol Clin North Am 1998;25:723-46.
29.Heinonen PK. Transvaginal sacrospinous colpopexy for

vaginal vault and complete genital prolapse in aged
momen. Acta Obstet Gynecol Scand 1992;71:377-81.

30. Sauer HA, Klutke CG. Transvaginal sacrospinous
ligament fixation for treatment of vaginal prolapse. J Urol
1995;154: 1008-12.

156      MEDICAL  GLORY, VOL 1, NO 2, APRIL-JUNE, 2017

SUBSCRIPTION FORM
MEDICAL GLORY

A  JOURNAL OF THE
WEST BENGAL MEDICAL COUNCIL

IB-196, SECTOR-III, SALT LAKE CITY,
KOLKATA-7000106,  Phone- 03365636365/2335-3078/5575/5663
E-mail: wbmc@vsnl.net / medical.glory@rediffmail.com; Website: www.wbmc.in

 

M
E
DICAL GLOR

Y

G

L
O

RIOUS 100 YEA
R

S

To

The  Executive  Editor

Medical Glory

Dear Sir / Madam,

I / We wish to become an  Annual  subscriber of  Medical Glory for a period of  one  year starting from __________ to

____________________as Individual / Institute subscriber.
I / We enclose a cheque / Bank Draft for sum of Rs. 400/- or  Rs. 800/- (Rs._____________________________________ only)

vide Cash/Cheque/D.D. No. _________________ Drawn on_________________ Dated ____________________________.
Please  acknowledge the same and do the needful.

My / our particulars are as follows :–
Name  ______________________________________________________________________________________________
Address ____________________________________________________________________________________________
Phone Numbers _______________________________________ Mobile No. ______________________________________
Fax ___________________________________  E-mail _______________________________________________________
Medical Registration no. _______________ of ____________________________ (State Medical Council /MCI).

Thanking you,
Yours faithfully,

(Signature of Subscriber)
Annual Subscription: For Institutions US$ 400 (Overseas) For Individuals US$ 200 (Overseas)

For Institutions Rs.  800/-(Inland) For Individuals Rs. 400/-  (Inland)
Single Copy: For Institutions US$  100, (Overseas)           For Individuals US$ 50 (Overseas)

For Institutions Rs.  200/- (Inland) For Individuals Rs. 100/-  (Inland) (Postage Extra)

* Cheque may be drawn in favour of “West Bengal Medical Council  A/C Journal Payable at Kolkata.
Our  Bank  details  are as  follows:

A/C No. 915010012275254

Bank AXIS BANK

Branch NARKELDANGA

IFSC Code UTIB0002597 ____________________________



Delayed Presentation of Traumatic  Diaphragmatic Hernia with Large

Gut (Colonic) Obstruction following 3 Years after Bullet Injury: A

Case Report

Introduction:

Diagnosis of traumatic diaphragmatic hernia is difficult

and is often missed or delayed, because they are

asymptomatic or have non-specific complaints. A traumatic

diaphragmatic hernia was first reported in 1579 and the

patient survived for only eight months due to the

development of gangrenous loops of bowel1. Only 0.8-

1.6% of blunt trauma cases result in diaphragmatic hernia;

however, in cases of lower chest penetrating stab injury,

the incidence of diaphragmatic hernia increases to 15%2. If

a traumatic diaphragmatic hernia is not treated early, the

risk for herniation and strangulation is increased3. For

patients with a history of prior blunt or penetrating trauma,

complaining of new epigastric pain, a delayed diaphragmatic

hernia should always be considered.  Due to late

presentation, traumatic events can be forgotten after many

years and diaphragmatic injuries can be neglected or omitted

as evidenced in this case4. Here a case of delayed

presentation of post-traumatic diaphragmatic hernia

containing the colon and omentum is reported.

Case Report:

A 32-year-old man presented to the emergency

department with acute abdominal pain and distension
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Abstract:

Traumatic diaphragmatic hernia is an uncommon but severe problem that is usually seen in patients who suffered

blunt or penetrating abdominothoracic injuries. Blunt diaphragmatic hernia is difficult to diagnose and high index of

suspicion is vital. Because of late presentation, trauma can be forgotten and diaphragmatic injury can be omitted.

Here an interesting case of diaphragmatic hernia is presented with acute large gut obstruction in a 32-year-old man

presenting 3 years after the initial thoracic penetrating bullet injury. No special investigations were done except of

abdominal x-ray as it was decided to explore on clinical ground. The abdominal  x-ray revealed large gut obstruction.

The surgical findings revealed herniation and incarceration of the splenic flexure with adjacent colon and omentum.

The whole large and small gut was dilated. Herniated mass was reduced and diaphragmatic defect closed in two

layers. Gut was healthy, thus required no resection.  The diagnosis of late diaphragmatic hernia should always be

remembered in any patient with history of  blunt or  penetrating injury,  recent or  remote.
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without passage of stool for about 4 days. The pain was

localised in the upper abdomen, associated with nausea

and vomiting. There  was no history of fever, or weight

loss. The patient reported a penetrating bullet injury to the

left lower chest three years prior to this episode. At that

time he had been managed with a chest drain and closure

of the external wound. On examination abdomen was

uneventful.

Discussion:

Currently,  traumatic  injuries of the diaphragm remain

uncommon. In  autopsy studies, the incidence of these

injuries range between 5.2% and 17%5. Road traffic

collisions or lateral intrusions into the vehicle are the most

frequent causes. Direct impacts depress the side of the rib

cage, and can cause a tear in the diaphragm rib attachments,

and even the transverse rupture of the diaphragm6-9. The

striking problem with traumatic diaphragmatic hernia is the

frequent difficulty in making the diagnosis. The injury must

be suspected when any hemidiaphragm is not seen or not

in the correct position in any chest radiograph10.  A high

index of suspicion, together with the knowledge of the

mechanism of trauma, is the key factor for the right

diagnosis. Delayed presentation of diaphragmatic hernia is

often accidentally found during gastroscopy, since most

cases (47.8%) of hernias in the chest originate in the

stomach11. While late hernias secondary to blunt trauma

tend to contain multiple abdominal viscera, those secondary

to penetrating injury tend to contain only colon or a portion

of stomach. With blunt trauma, most ruptures occur in the

posterolateral area of the left diaphragm, which is structurally

weak. Penetrating stab injuries behave more randomly and

produce smaller holes. Left-sided diaphragmatic hernias are

reported three to five times more frequently than the right

side, since most assailants are right handed.

Due to coexisting injuries and the silent nature of

diaphragmatic ruptures, the diagnosis can sometimes be

missed in the acute phase and may present later on with

obstructive symptoms due to incarcerated organs in the

diaphragmatic defect or eventual strangulation12. Patients

present with non-specific symptoms and may complain of

chest pain, abdominal pain, dyspnoea, tachypnoea and

cough. Some patients may remain symptom-free even at

the time of diagnosis. Patients with delayed diaphragmatic

herniation frequently present months to years after the initial

injury. The proposed reason for the delay in symptoms may

be the presence of omentum and viscera plugging the

diaphragmatic defect temporarily, allowing for symptomatic

visceral herniation to occur months to years later. What is

interesting in this patient is the symptoms of diaphragmatic

hugely distended with features of  large gut obstruction with

absent bowel sound. PR examination revealed empty

rectum. Abdominal x-ray showed large gut obstruction.

Laboratory investigations were normal except leucocytosis.

On this clinical ground we decided to explore the abdomen

with the empirical diagnosis of large gut obstruction

background in our mind. On midline exploration the actual

scenario came into sight. The  splenic flexure and the adjacent

colon  (Fig 1)  and omentum were incarcerated to a rent of

8 ×5 cm in the left side of the diaphragm causing obstruction

resulting in severe intestinal dilatation proximally, including

the small intestine. The entire incarcerated portion was

reduced after enlarging the diaphragmatic defect laterally.

Gut was viable requiring no resection. Diaphragm was

repaired in two layers from abdominal side. A tube chest

drain was given. Abdomen was closed putting a drain in

the left paracolic gutter. On the 4th postoperative day the

chest drain was removed and patient was discharged on

10th postoperative day. The postoperative period was

Fig 1 – Peroperative Findings Showing Incarcerated

Splenic Flexure and Adjacent Colon
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hernia developed 3 years later. The systematic review of

the literature suggests 1 case being reported at 24 hours

following trauma, 1 case each on day 9, day10 and day11

following trauma. Two cases have been reported 6 months

following the trauma while 1 case each had been reported

12 months, 18 months and 24 months following trauma.

Two cases have been reported at 5 years, 1 case each at 8

years, 10 years, 20 years, 28 years, 40 years and 50

years13.

The common initial diagnostic tool for diaphragmatic

hernia is plain chest radiography, but the initial chest films

are often non-diagnostic. Specific signs of diaphragmatic

injury on plain radiographs are a marked elevation of the

hemidiaphragm, an intrathoracic herniation of abdominal

viscera, the “collar sign”, and demonstration of a nasogastric

tube tip above the diaphragm. Incorrect interpretation of

the x-ray frequently leads to inaccurrate diagnosis. CT scan

is the diagnostic test of choice in suspected hernia patients

for the sensitivity and specificity which are 33-83% and

76-100%, respectively14. As the patient was of a surgical

emergency, so on consensus it was decided to explore on

clinical ground; any further investigations beyond abdominal

x-ray was not done.

A midline laparotomy is the advocated approach for

repair of long-standing post-traumatic diaphragmatic

ruptures, same as that applicable in acute diaphragmatic

hernias because it allows for an exploration of the entire

abdominal cavity. The surgical treatment usually performed

includes hernia reduction, surgical repair of any

diaphragmatic defect accomplished by interrupted or

continuous non-absorbable sutures and placement of chest

tube(s) in the affected thoracic cavity. This may be

performed either through an open laparotomy or

thoracotomy or through laparoscopy or video assisted

thoracoscopy (VATS). The mortality from elective repair is

low but the mortality from ischaemic bowel secondary to

strangulation may be as high as 80%15 . Prompt diagnosis

and intervention therefore is necessary to prevent resection

of any part of the intestine. To solve the problem of

ischaemic enterocolitis from severe intestinal distension,  tube

jejunostomy or  even tube ileostomy may be advised.

Conclusions:

In conclusion, it is recommend that a high index of

suspicion is mandatory for early detection and prompt

management while dealing with patients who do get

readmitted with abdominal symptoms including obstruction

whenever there is a history of trauma , blunt or penetrating

regardless of the fact whether it was few days or many

years ago. Laparoscopic repair in contrast to laparotomy

as done in this case is a suitable and safe procedure for

treatment of diaphragmatic  rupture.
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Foetal Holoprosencephaly – Imaging Features and Importance of

Second Trimester Anomaly Scan

Introduction:

Maternal and foetal health is of paramount importance

not only as indicator of socio-economic development but

also on humanitarian grounds. Antenatal care is the key to

ensure foetal and maternal well-being. Role of

ultrasonography in foetal monitoring cannot be over-

emphasised. The case presented here delineates the role of

a properly performed and timed antenatal ultrasound

examination and also the role of antenatal MRI as and when

required.

Case Report:

A 28-year-old, third gravida presented for late 3rd

trimester ultrasound for foetoplacental profile. She was a

known case of type-II diabetes mellitus. Her first born (male

child) was healthy, though there was history of late third

trimester intra-uterine foetal death of her 2nd pregnancy,

due to foetal distress. In the present scenario, she was on

Fig  1 – Antenatal Ultrasound  at  36 Weeks  Showing

Hypotelorism

Key words: Holoprosencephaly, foetal anomaly scan, bad obstetric history, foetoplacental profile, antenatal MRI.

Abstract:

Holoprosencephaly is a rare congenital brain malformation (1 in 16000 live births), resulting from failure of

separation of the two cerebral hemispheres. Here a case is presented in the third trimester having antenatal ultrasound

leading to the diagnosis of alobar holoprosencephaly of the foetus. Antenatal MRI confirmed and helped in proper

characterisation of the features. The neonate expired soon after delivery.

Hence, a first trimester and early 2nd trimester foetal anomaly scan is of paramount importance in patients

with risk factors and bad obstetric history.
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insulin, and no previous antenatal ultrasonogram had been

performed.

Fig 2 – Antenatal MRI  T2  Weighted  Image  in  Sagittal   and  Coronal  Sections  at  36  Weeks,  Showing  Dorsal

Cyst,  Compressed  Brain  Parenchyma, Rudimentary Thalamus  and Depressed  Nasal Bridge and Monoventricle

(Absence of Midline Septum) with Compressed Brain Parenchyma

Ultrasonographic examination showed

polyhydramnios, small foetal head with  respect to menstrual

history and femur length, large monoventricle with a thin

mantle of cerebral parenchyma, hypotelorism (Fig 1), a cystic

structure posterior to the cerebral parenchyma, thalamus

was not well visualised, cerebellum and 4th ventricle could

not be well delineated due to technical difficulty.

Antenatal MRI (Fig 2) was performed for confirmation

and proper delineation of posterior fossa structures. It had

the additional findings of rudimentary single thalamus, normal

cerebellum and 4th ventricle, dorsal cyst posterior to the

flattened cerebral parenchyma, absent septum pellucidum,

interhemispheric fissure and falx, and agenesis or hypoplasia

of the corpus callosum.

Hence, the final diagnosis was established to be cup

type of alobar holoprosencephaly. No other congenital

anomalies of spine, abdomen or limbs were detected.

On delivery, there was no cry, and the neonate was

rushed to the intensive care unit. She died after 5 hours.

Discussion:

During the 4th gestational week, neural tube forms

(hindbrain). During the 5th week, forebrain divides

transversely into telencephalon (cerebrum) and diencephalon

(thalami), and by the end of which, two cerebral hemispheres

are formed by longitudinal division1.

Complete or partial failure in division of the

prosencephalon into hemispheres and lobes results in the

holoprosencephalies. These anomalies are related to the

mesenchymal tissue of prechordal mesoderm, which is

responsible for cleavage of  telencephalon and development

of midline facial structures1.

The fused cortex can take three basic shapes2.

(1) Pancake: Cerebral tissue confined to the anterior

basicranium.

(2) Cup: Cerebral tissue lines variable amounts of

the anterior cranium with a dorsal cyst present posteriorly.

(3) Ball: A complete rim of tissue surrounds the

monoventricle without dorsal cyst.

Majority of patients with moderate or severe forms

of holoprosencephaly also have facial anomalies, as stated

by DeMyer, ‘the face predicts the brain’1.

 Causes of holoprosencephaly are3:

(1) Genetic factors: Familial holoprosencephaly.

three primary brain vesicles, prosencephalon (forebrain),

mesencephalon (midbrain) and rhombencephalon
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Table  1 – Holoprosencephalies; Differentiating Features1

(2) Chromosomal abnormalities: Trisomies 13, 18,

duplication, deletions, rearrangements of chromosome 13,

monogenic syndromes like pseudotrisomy 13, Pallister-Hall

syndrome, Meckel syndrome, velocardiofacial syndrome,

Smith- Lemli-Opitz syndrome.

(3) HPE gene mutations: SHH, PTCH, TGIF,

TDGF1, ZIC2, SIX3, GLI2, FAST1.

(4) Environmental exposures during gestation: Anti-

epileptic drugs, retinoic acid, alcohol, smoking, statin drugs,

gestational diabetes, cytomegalovirus infection, maternal

hypocholesterolaemia.

Holoprosencephaly is of 3 types (Table 1). (1) Alobar

holoprosencephaly (most severe and devastating). (2)

Semilobar holoprosencephaly (moderately severe). (3)

Lobar holoprosencephaly (mildest form).

Children with holoprosencephaly experience many

medical and neurologic problems, including mental

retardation, epilepsy, weakness, spasticity, dystonia,

choreo-athetosis, and endocrine disorders3.  Developmental

disability affects virtually all patients with holoprosencephaly

and generally correlates with the severity of the brain

malformation on neuro-imaging, being directly related to it.

Alobar holoprosencephaly is a lethal anomaly, and

termination is advised to the parents as soon as it is detected,

if feasible.

First trimester and early second trimester foetal anomaly

scan must be performed in cases with known risk factors and

patients with bad obstetric history.

Cases of semilobar and lobar holoprosencephaly have

variable (but generally poor) prognosis depending upon the

severity for affection, hence this should be properly explained

to the parents.

References:

1. Osborn Anne G. Disorders of Diverticulation and

Cleavage, Sulcation and Cellular Migration: Diagnostic

Neuroradiology. 1st ed. Amsterdam:  Elsevier Inc, 2009:

37- 58.

2.Weerakkody Y, Gaillard T. Alobar Holoprosencephaly.

http://radiopaedia.org/articles/alobar-holoprosencephaly.

3. Hahn JS, Plawner  LL. Evaluation and management of

children with holoprosencephaly. Pediatr Neurol

2004;31:79-8.

FOETAL HOLOPROSENCEPHALY –BHATTACHARYA    ET AL   163

Finding Alobar  Semilobar  Lobar 

Craniofacial anomalies Severe Variable Absent or mild  

Ventricles Monoventricle Rudimentary  Squared-off 
  occipital horns central horns 
Septum pellucidum Absent Absent Absent 
Falx cerebri Absent  Partial Well formed 

Interhemisp-heric fissure Absent  Partial Present: with some 
antero-inferior fusion 

Thalami, basal ganglia Fused   Partially separated Separated  

 



A Case  of  Ileosigmoid Knotting
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Introduction:

Ileosigmoid knot (1SK) ie, compound volvulus is an

unusual and rare cause of closed loop intestinal obstruction.

Loops of ileum wrapped around the base of redundant

sigmoid to form a “knot” which progresses rapidly to

gangrene, so early diagnosis and treatment are vital.

Diagnosis of an ISK is difficult because of its infrequency

and atypical radiographic findings.

Case Report:

A 50 years old male presented with lower abdominal

pain of 3 days’ duration. The pain was colicky in nature.

He had also vomiting 4-5 times a day for last 3 days. The

vomitus was foul smelling and billous in nature. There was

no stool for last 2 days.

Abstract: 

A 50 years old male presented with the complaint of pain lower abdomen, vomiting for last 3 days. On

examination, the abdomen was found to be distended, tender and rebound tenderness (+) . Peristaltic sound was

absent and bilateral crepitations were there in chest. Gangrenous ileum was resected leading to end ileostomy with

mucus fistula  and sigmoid colon was resected and end to end anostomosis done.

Fig 1 – Straight X-ray Showing Dilated

Gas Filled Bowel Loops
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Fig  2 – Peroperative Findings Showing Gangrenous

Ileum and Sigmoid Colon

The patient was dehydrated and had temperature

37.8oC. Pulse rate was 100/minute, BP 100/60 mmHg,

respiratory rate 33/minute. On per abdominal examination,

it was found that the abdomen was distended, tender and

there was rebound tenderness elicited. Peristaltic sound was

absent. There were bilateral crepitations in chest. Per rectum

examination showed the rectum was roomy and there was

no stool.

Straight x-ray abdomen (Fig 1) showed dilated gas

filled bowel loops with distended sigmoid colon with loss

of haustrations (coffee bean sign).

On exploration, distal ileum was found knotted

around the sigmoid in an anticlockwise direction with the

mesentery (Fig 2) stuck in the twist. Gangrenous ileum

(676.2 cm) was resected leading to end ileostomy with

mucus fistula. Gangrenous sigmoid was resected and end

to end anastomosis done.

Discussion:

Parker is credited with having described the first

patient with ISK in 18451. The first patient from the Asian

subcontinent was reported by Paul in 19402. Since then

over  280 cases have been reported in the  English

literature2-8.

ISK is predominately seen in males (80.2%) with a

mean age of 40 years (range, 4-90 years). Although the

mechanism by which an ileosigmoid knot develops is still

speculative, it is generally accepted that certain anatomical

predisposing factors are present: a long small bowel

mesentery and freely mobile small bowel; a long sigmoid

colon on a narrow pedicle2–8. Meckel’s diverticulum has

been reported to be present in 14–53% of cases6. The

knotting leads to closed-loop obstruction and causes

gangrene of both the ileal loops and the sigmoid colon within

a few hours in most patients.

ISK has been categorised into three types. In type I,

the ileum (active component) wraps itself around the sigmoid

colon (passive component) in a clockwise or anticlockwise

direction. In type III, the ileocecal segment (active

component) wraps itself around the sigmoid colon (passive

to 57.5%).

Pre-operative diagnosis of ileosigmoid knot is only

infrequently made1. Plain abdominal radiographs may show

the characteristic double closed-loop obstruction. CT scan

reveals the classic whirl sign of volvulus created by the

involved, twisted loops of the intestine and the mesocolon8.

At surgery, a prolonged attempt to untwist the knot

is not recommended, especially if the bowel has become

gangrenous. Resection with primary anastomosis is

advisable. Prompt treatment is mandatory7,8.
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