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Abstract
This is an analytical retrospective case control hospital based study conducted in
Omdurman hospital during the period from October 2016 to February 2017. The
study aimed to detect EMA expression in prostate tumors using
Immunohistochemistry.
Forty paraffin embedded blocks previously diagnosed as prostate tumors were
collected. Samples included 30(75%) malignant tumors (Adenocarcinomas) and 10
(25%) benign tumors samples.
The patient's age ranged between 50 and 90 years with a mean age of 69 years,
most patients were younger than 60 years representing 30 (75%) and the remaining
10 (25%) were elder than 60 years.
One section of 4 micrometer thickness was cut from each paraffin block by rotary
microtome and stained by immunohistochemical method (avidin- biotin technique)
for detection of EMA. Data collected from patients files and results obtained were
analyzed using SPSS computer program.
Immunohistochemical expression of EMA was revealed positive expression in
21/30 samples and negative results in 9/30 samples in malignant tumors, while
most of the benign tumors (8/10) showed negative results and 2/10 showed
positive expression, with significant statistical association between EMA
cytoplasmic expression and histopathological diagnosis of prostate tumors (P.
value =0.017).
Positive EMA cytoplasmic expression was found to be common among poorly
differentiated cancers which represent 17 (81%) cases and less common in well
and moderately differentiated cancers with frequencies of 1 (4.5%) case and 3
(14.5%) cases respectively. Moderately and poorly differentiated cancers showed
negative expression with frequencies of 6 (66.6%) and 3 (33.4%) cases

respectively, while no expression was found in well differentiated cancers, hence,
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there was a significant statistical relation between EMA cytoplasmic expression
and cancer grade ( P. value =0.015).

This study concludes that EMA cytoplasmic expression is help in differentiation
between benign and malignant prostate tumors and also associated with cancer

grade.
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INTRODUCTION



Chapter one

Introduction
1.1 Introduction:
Prostate cancer occurs when abnormal cells develop in the prostate. These
abnormal cells can continue to multiply in uncontrolled way and sometimes spread
outside the prostate into nearby or distant parts of the body (Visakorpi, et al. 1995).
More than 1.1 million cases of prostate cancer were recorded in 2012, accounting
for around 8% of all new cancer cases and 15% in men. About 68% of prostate
cases occurred in more developed countries (Ferlay, et al. 2015).
In Sudan, prostate cancer is ranked first among Sudanese men, with an estimated
incidence rate of 8.7 per 100,000 populations during 2009-2010 (Saeed, et al.
2014).
Risk factors associated with prostate cancer are age, race/ethnicity, family history,
diet, anthropometric factors, hormone profiles and concomitant medical conditions
(Gann, 2002).
Diagnosis of prostate cancer is done by medical history, physical examination,
prostate specific antigen blood test, transrectal ultrasound (TRUS) and prostate
biopsy (Bardan, et al. 2007).
There are different treatments for prostate cancer including active surveillance,
radical prostatectomy, laparoscopic surgery, radiation therapy, chemotherapy and
hormone therapy (Picard, et al. 2009).
Epithelial membrane antigen (EMA) also called CD227, MUCL1 and episialin, is a
large cell surface mucin glycoprotien expressed by most glandular and ductal
epithelial cells. The expression of EMA normally found in surfaces, maintains
lumen formation (Sloane, 1981). The intracytoplasmic expression of EMA might
be associated with poorly differentiated areas (Nassar, et al. 2004). The

intracytoplasmic expression of EMA in poorly differentiated malignant lesions was
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also observed by De Roos, et al. (2007), who found that 75% of 45
adenocarcinomas prostate tumor were EMA positive cytoplasmic expression, there
was an association between EMA cytoplasmic expression and grade of
differentiation.

1.2 Objectives:

General objective:

To detect epithelial membrane antigen in prostate tumors among Sudanese patients
by immnohistechemistry and it is correlation with histopathological diagnosis and

tumor grade.
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LITERATURE REVIEW



Chapter two

2-Literature review
2.1 Scientific background:
The prostate is a male gland found below the bladder and in front of the rectum,
and size of the prostate varies with age. In younger men, it is about the size of a
walnut, but it can be much larger in older men.It can stayat the same size or grow
slowly in adults, as long as male hormones are present. The prostate contains cells
that make some of the fluid (semen) that protects and nourishes the sperm. The
prostate begins to develop before birth and keeps on growing until a man becomes
an adult under influence of hormones called androgens such as testosterone (Snell,
1995).
The main function of prostate is the production of fluid for semen; one part of the
semen is produced in the prostate. Together with sperm cells from the testicles,
fluid from the seminal vesicle and the secretions released by another pea-sized
gland below the prostate (the bulbourethral gland), the prostate fluid makes up the
semen. All of these fluids are mixed together in the urethra. The prostatic secretion
Is important for the proper functioning of the sperm cells, and therefore also for
fertility in men. The thin, milky liquid contains many enzymes such as
theprostatespecificantigen (PSA). This enzyme makes the semen thinner. The
hormone-like substance spermine mostly ensures sperm cell motility (ability to
move) (Franklin,et al. 2005).The prostate also plays a part in controlling the flow
of urine. The urethra runs from the bladder, through the prostate, and out through
the penis. The muscle fibers of the prostate are wrapped around the urethra and are
under involuntary nervous system control,these fibers contract to slow and stop the
flow of urine (Martini,et al. 2012).


https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022715
https://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_iqwig/glossary/def-item/def408/
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022049
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022034
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022049
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0024427
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022075

2.2 Abnormalities of prostate:

2.2.1 Inflammation of prostate:

Prostatitis is an infection or inflammation of the prostate gland that present as
several syndromes with varying clinical features,it is a complex condition
compasses four disorder of prostate, chronic pelvic pain syndrome (CPPS), acute
bacterial prostatitis, chronic bacterial prostatitis and asymptomatic prostatitis
(Bartoletti,et al. 2007).

2.2.2 Pre-cancerous changes of the prostate:

Prostate cancer starts out with very small changes in the size and shape of the
prostate gland cells, it involves cellular proliferation within prostatic ducts (Zynger
and Yang, 2009).

2.2.2.1 Prostatic intraepithelial neoplasia (PIN):

It is the most established precursor of prostatic carcinomas. The presence of
prominent nucleoli within an existing duct structure is an easy way to identify the
disorder. Four main patterns of high-grade PIN (HGPIN) have been described:;
tufting, micropapillary, cribriform and flat (Majumder, etal. 2008).

2.2.2.2 Proliferative inflammatory atrophy (PIA):

It belongs to the atrophic lesions that frequently occur in the prostate. PIA is
characterized by imbalance between proliferation and apoptosis, and is considered
as a benign lesion with certain genetic instability (Woenckhaus andFenic,2008).
2.2.2.3Prostatic nodular hyperplasia (PNH):

It is a stromal hyperplasia, which is an extremely common abnormality of the
prostate. It is present in a significant number of men up to the age of 40 years, and
its frequency rises regressively with age. It is characterized by proliferation of
both epithelial and stromal elements including collagen and elastic fibers, with
resultant enlargement of the gland and in some cases urinary obstruction as seen in

benign prostatic hyperplasia (Maccsween and Whaley,2001).
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http://prostatecanceruk.org/information/understanding-the-prostate-gland
http://prostatecanceruk.org/information/prostatitis#chronic_pelvic_pain_syndrome
http://prostatecanceruk.org/information/prostatitis#chronic_pelvic_pain_syndrome
http://prostatecanceruk.org/information/prostatitis#acute_bacterial
http://prostatecanceruk.org/information/prostatitis#chronic
http://prostatecanceruk.org/information/prostatitis#asymptomatic

2.3 Malignant tumors of prostate:

2.3.1 Prostatic carcinoma:

The pathogenesis of the disease is complex, involving a combination of
constitutional and exposure risk factors. The lesion was subsequently named
prostatic carcinoma and it was initially categorized into three grades from low to
high (Sfanos and De Marzo, 2012).

2.3.2 Prostate adenocarcinoma:

It accounts for 95% of all cases of prostate cancers, and becomes more common in
men over the age of 50. It is characterized by changes in size, shape, or texture of
the prostate whicharedetectedby the digital rectal exam (DRE), or by estimation of
prostate specific antigen (PSA) level (Stoyanova.et al. 2013). It is divided
microscopically into carcinoma of peripheral duct and acini which includes
carcinoma with neuroendocrine features, and carcinoma of a large duct which is
characterized by malignant changes in the large dilated duct (Rosai, 2002).

2.4 Epidemiology of prostate cancer:

The incidence of prostate cancer varies among various geographical regions of the
world with the highest rates reported in France and Norway. The lowest rates have
been reported from Asia (Ferlay, et al. 2012).

In Sudan, according to reports derived in 2009-2010 from the NationalCancer
Registry for Khartoum state alone, prostate cancer ranked fourth among all cancer
sites in Khartoum 7.3 per 100,000.However, by gender it is ranked first among
Sudanese men, with an estimated incidence rate of 8.7 per 100,000 population, and
an age standardized rate (ASR) of 10.3 per population.lt had the highest age
specific rate in seniors aged 65 years and older (Saeed, etal. 2014).

2.5 Risk factors for prostate cancer:

The risk factors of prostate cancer include:



2.5.1 Age:

It is an essential factor in prostate cancer, but in males under 45 years prostate
cancer is unusual.As males get older, the prostate cancer incidence progressively
increases, with a peak of around 65 - 70 years (Bardan,et al. 2007).

2.5.2 Race:

Incidence rates of prostate cancer among African—American men are 1.6 times
higher than Caucasian men. African—Americans are also more than twice more
likely to die of prostate cancer than Caucasianmen (Stanford and Ostrander, 2001).
2.5.3 Body size:

Certain metabolic alterationssustained in obese men, such as increased levels of
insulin, insulin-like growth factor-1 (IGF-1), and leptin may increase the risk of
prostate cancer(Chang,et al. 2001).

2.5.4Diabetes:

Hyperinsulinemia of diabetes may enhance the risk of prostate cancer through the
promotion of tumor cell growth (Kasper and Giovannucci, 2006)

2.5.5 Physical activity:

The ability of exercise to modulate hormone levels, prevent obesity, enhance
immune function and reduce oxidative stress have all been postulated as
mechanisms that may underlie the protective effect of exercise (Travis, et al.
2016).

2.5.6 Aspirin and nonsteroidal anti-inflammatory drugs:

It isplays a role in the prevention of prostate cancer by inhibiting the activity of
cyclo-oxygenases-key enzymes involved in prostaglandin synthesis (Mahmud, et
al. 2010).

2.5.7 Sexual behavior and sexual transmitted disease:
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Males which are beginning their sexual activity earlier, having more sex partners,
may have an increased risk of prostate cancer.Some possible causes are the
sexually transmitted infections, orexcess testosterone (Bardan, et al. 2007).

2.5.8 Smoking:

It has an effect on sex steroid hormones levels, mutations in tumor suppressor
genes such as P53, and continued exposure to carcinogens such as polycyclic
aromatic hydrocarbons contained in cigarette smoke, which has been thought to be
associatedwith prostate cancer (Fowke,et al.2015).

2.5.9 Diet:

Diet rich in fats (especially saturated) associated with high calcium and alcohol
intake leads to a higher risk of prostate cancer (Bardan,et al. 2007).

2.6. Diagnosis of prostate cancer:

2.6.1 Prostate biopsy:

Prostate biopsy is a procedure in which small samples are removed from a man's
prostate gland to be tested for the presence of cancer.lt is typically performed when
the scores from a PSA blood test rise to a level that is associated with the possible
presence of prostate cancer (Bot,et al. 2007).

2.6.2Digital rectal examination (DRE):

It is the simplest and cheapest diagnostic method, considering that the tumors are
large enough as indurate nodules on the posterior plane of the prostate (Graif, et al.
2007).

2.6.3PSA blood test:

The PSA test measures the blood level of PSA, a protein that is produced by the
prostate gland. The higher a man’s PSA level (more than 4 ng/ml), the more likely

Is that he has prostate cancer (Barry, 2001).

2.6.4Imaging tests:


http://en.wikipedia.org/wiki/Biopsy
http://en.wikipedia.org/wiki/Prostate_gland
http://en.wikipedia.org/wiki/Prostate_specific_antigen
http://en.wikipedia.org/wiki/Prostate_cancer

Not all men with prostate cancer need to have more tests, but for those who do,
these tests arex-rays, magnetic fields, sound waves, or radioactive substances to
create pictures of the inside of the body(Bardan,et al. 2007).

2.7Treatment of prostate cancer:

2.7.1 Cryosurgery:

Experimental approach of treating prostate cancer whereby probes with liquid
nitrogen are implanted into the prostate and then the tissue is frozen. This freezing
kills the cancer cells, and it can be repeated multiple times if needed (Rubin and
Williams, 2001).

2.7.2Hormonal therapy:

Both normal prostate tissue and prostate cancers depend on male sex hormones,
called androgens, to grow and replicate. Testosterone is a very important androgen
of the prostate gland. Men make androgens in their testicles. One of the ways to
treat prostate cancer is to remove androgens from the body, thus making the cancer
shrink and then grow more slowly (Underwood, 1996).

2.7.3 Follow up-testing:

Once a patient has been treated from prostate cancer, they need to be closely
followed for a recurrence. Regular follow-up and checkups, to determine serum
PAS level (Rubin and Williams, 2001).

2.8 Epithelial membrane antigen EMA and it’s relation with prostatetumor:
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EMA is typically expressed in the apical surface of normal epithelial cells
responsible for maintaining lumen formation. In conventional carcinomas, the
labeling was apical in areas with lumen formation;intracytoplasmic and
intercellular in the poorly differentiated areas. This provides support for the
reversal of cell orientation as an important factor of the morphogenesis and
possibly the pathogenesis of invasive carcinomas. SinceEMA is known to have a
role in lumen formation and has an inhibitory role in the cell to stroma interaction,
it is conceivable that it is a key factor in the detachment of cells from stroma
allowing for the dissection of the connective tissue and easing the spread of the cell
(Nassar, et al. 2004).

EMA is expressed on the membrane of normal cells and benign prostatic tumors,
while intracytoplasmic expression is found on malignant prostatic cancers (Wuker
and Muller, 1986).

Heydermanet al. (1984), reported that in prostatic adenocarcinomas, EMA were
present in the luminal membranes of malignant cells with cytoplasmic staining,
particularly in poor differentiated carcinomas. Thiswas consolidated by the finding
ofKimet al. (2014), who mentioned that EMA in the tumor cells (intracytoplasmic)
confers to the tumor a worse prognosis and possibly a high propensity to
disseminate.

Similarly, DeRoos,et al. (2007), reported that poorly differentiated malignant
lesions showed positive cytoplasmic expression. Theymentioned that focal and

diffused cytoplasmic expression was associated with high grade prostatic cancer.
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Chapter three

3. Materials and methods
3.1 Materials:
Archived tissue blocks of prostate tumors were used in this study.
3.2. Methods:
3.2.1 Study design:
This is a hospital based analytical retrospective case control study aimed to detect
epithelial membrane antigen in prostate tumors using immunohistochemistry.
3.2.2 Study samples:
Tissue blocks obtained from thirty samples were previously diagnosed as prostate
cancer and ten samples which were previously diagnosed as benign tumors.
Patient’s data (age, histopathological diagnosis) was obtained from the patient's
files.
3.2.3 Study area:
This study was conducted in Omdurman hospital laboratory during the period from
October 2016 to February 2017.
3.2.4 Sample processing:
Sections of 4um thickness were cut by rotary microtome, mounted in positively
charged glass slides and put in a 60°C oven.
3.2.5 Immunohistochemical staining
Immunohistochemical staining was carried out using monoclonal mouse anti
human EMA, clone 100/D5, isotype: 1gG1/Kappa (BIO CARE). Tissue sections (4
Hm) were deparaffinized in xylene and rehydrated in graded alcohol (100%, 90%,
70%, 50%) and water two minutes for each. Antigen retrieval was performed by
using PT link water bath with citrate buffer (pH 6.8), then slides were incubated

for 10 minutes in 3% hydrogen peroxide to block endogenous peroxidase activity.
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The slides were treated with anti EMA primary antibody for 20 minutes and
washed in phosphate buffer saline (pH7.4). Then treated with secondary
biotinylated antibody for 30 minutes, and washed in phosphate buffer saline
(pH7.4). After that the avidin peroxidase complex was added for 15 minutes. Then
slides were incubated in 3,3 diaminobenzidine tetra hydrochloride (DAB) —H20:
mixture for 7 minutes to visualize the reaction and washed in running water.
Finely slides were counterstained in Mayer's hematoxylin stain for 1 minute,
dehydrated, cleared and mounted in DPX mounting media (Bancroft, et al. 2013).
3.2.6 Data analysis:

Data was analyzed using version 11.5 SPSS computer program. Frequencies,
means and chi —square test values were calculated.

3.2.7 Quality control:

For each batch of staining, positive and negative control slides were prepared. The
positive controls contained the antigen under investigation and negative control
slides were prepared from the same tissue block, but they were incubated with TBS
instead of the primary antibodies. Each slide was evaluated with an investigator
then the results were confirmed by a consultant histopathologist. Detection of more
than 5 cells with brown cytoplasm per one field was considered as a positive result.
3.2.8 Ethical consideration:

Hospital administration agreements were taken ethically for archived sample and

patient’s data collection.
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Chapter four
4. Results

The study included forty samples, 10 (25%) of them with Dbenign prostate
hyperplasia while 30 (75%) were prostatic adenocarcinoma as indicated in table
(4.1).
The patient's age ranged between 50 and 90 years with a mean age of 69 years, and
standard deviation 13.7, most patients were younger than 60 years representing 30
(75%) and the remaining 10 (25%) were elder than 60 years as indicated in table
(4.2).
Most of the malignant samples were moderately and poorly differentiated tumors,
with frequencies of 9 (30%) and 20 (66.7%) respectively, while only one (3.3%)
sample was well differentiated tumors as indicated in table (4.3).
EMA positive cytoplasmic expression was found in 21/30 malignant samples,
while 9/30 samples showed negative cytoplasmic expression. Most of the benign
samples 8/10 showed negative EMA cytoplasmic expression, while 2/10 revealed
positive EMA cytoplasmic expression. This result showed significant association
(P. value =0.017) as indicated in table (4.4).
Positive EMA cytoplasmic expression was found to be common among poorly
differentiated cancers which represent 17 (81%) and less common in well and
moderately differentiated cancers with frequencies of 1 (4.5%) and 3 (14.5%)
respectively. Moderately and poorly differentiated cancers showed negative
expression frequencies of 6 (66.6) and 3 (33.4) respectively, while no expression
was found in well differentiated cancers, hence, there was a significant statistical
relation between EMA cytoplasmic expression and cancer grade (P. value =0.015)
(table 4.5).

12



Table (4.1): Distribution of histopathology diagnosis among study samples:

Histopathology Frequency Percentage (%o)
diagnosis

Benign

Malignant
Total

13



Table (4.2): Distribution of age group among the study population:

Less than 60 years
More than 60 years
Total

14



Table (4.3): Frequency of cancer grade:

Cancer grade Frequency | Percentage (%o)

Well differentiated tumor 1 3.3

Moderate differentiated || 9 30.0

tumor

Poor differentiated tumor 66.7

Total 100
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Table (4.4): Relation between EMA expression and histopathological

diagnosis:

Histopatholoical diagnosis

Benign

Expression

Malignant

of EMA
Number

Positive

Percentage
(%)

Number

Percentage
(%)

Total P.value

Negative

Total

16




Table (4.5): Relation between EMA expression and cancer grade:

Cancer

grade

Well
differentiated

tumor

EMA expression

Positive

Negative

Number

Percentage
(%)

Number

Percentage
(%)

Total

Moderately
differentiated

tumor

Poorly
differentiated

tumor

Total

17

P.value
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Photograph (4.1): Prostatic adenocarcinoma showing positive cytoplasmic
expression of EMA (40X)
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Photograph (4.2): Prostatic hyperplasia showing negative cytoplasmic
expression of EMA (40X)
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Chapter five

5. Discussion
Prostate cancer is one of the most significant problems occurring worldwide. The
present study involves 40 cases of prostatic lesions applied for
immunohistochemical staining for epithelial membrane antigen EMA. The patient's
age ranged between 50 and 90 years with a mean age of 69years, which
explainsthat the risk of prostate cancer increases with age.This result agrees with
that of Bardan, et al.(2007),whostated that the prostate cancer increases with
age,with a peak of around 65 - 70 years. Similar findings were described by Smith,
(2000), who reported that the risk increases significantly after the age of 50. The
study results were also consistent with those ofBostwick,et al. (2004), whoreported
that the risk of developing prostate cancer increases quickly over the age of 50 in
white men and over the age of 40 in black men.
The histopathological diagnosis of patients revealed thatall types of prostate cancer
wereadenocarcinomas; this result is compatible with Gillessen,et al. (2015), who
reported that the most common type of prostate cancer is adenocarcinomas. It was
also found to be compatible with Xu,et al. (2000),who reported that nearly
everyone with prostate cancer has adenocarcinoma because the glandular cells are
the most common types of cells in prostate.
There was a significant association between EMA cytoplasmic expressionand
prostatic adenocarcinoma.Thisresult was consolidated by the finding of
Heyderman, et al. (1984), who found that 16/20 prostate cancers were positive to
EMA. On the other hand,Pinkusand Kurtin, (1985)concluded that there was an
association between EMA cytoplasmic expression and prostate adenocarcinomas;

their results agreed this result.
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The current study revealed statistical association between EMA cytoplasmic
expression and cancer grade; hence the expression of EMA increased in poorly
differentiated tumorsmore than the other grades.This result is consistentwith
DeRoos,et al.(2007), who reported that 75% (34/45) of poorly differentiated
malignant lesions showed positive cytoplasmic expression, and also mentioned that
focal and diffuse cytoplasmic expression was associated with high grade prostatic
cancers. The results were also found to agree withAbdul-Halim,et al.(2011),
whoreported that 66.7% (12/18) of poorly differentiated malignant lesions showed

positive cytoplasmic expression.
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The current study revealed statistical association between EMA cytoplasmic
expression and cancer grade; hence the expression of EMA increased in poorly
differentiated tumors more than the other grades. This result is consistent with De
Roos, et al. (2007), who reported that 75% (34/45) of poorly differentiated
malignant lesions showed positive cytoplasmic expression. He mentioned that
focal and diffused cytoplasmic expression was associated with high grade
prostatic cancers. The results were also found to agree with Abdul-Halim, et al.
(2011), who reported that 66.7% (12/18) of poorly differentiated malignant

lesions showed positive cytoplasmic expression.
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Chapter six
6. Conclusions and recommendations

6.1. Conclusions:

From this study we concluded that:

e The prostatic cancer in this study is commonly among patients under 60.

e Most histological type of prostate cancer in this study samples is
adenocarcinomas.

e EMA cytoplasmic expression is associated with prostate cancer and cancer
grade.

e 6.2. Recommendations:
From this study we recommended that:
Further researches should be done on expression of EMA in prostate tumors

tissues with large sample size.
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APPENDICES



Appendix 1:

Materials and instruments used for processing and staining of the specimens
include:

Disposable gloves.

Rotary microtome.

Microtome Knives.

Positively charged slides (Thermo).
Cover glasses.

Dry oven.

Water path (Dako water path).
Coplin jars.

Humidity chamber.

Ethanol (100%, 90%, 70%, 50%).
Xylene.

Mayer's haematoxylin.

Citrate buffer (pH6.8).

0.3 Hydrogen peroxidase.

Primary antibody (EMA).
Secondary antibody (biotinylated secondary antibody).
Streptavidin-HRP.

Substrate chromogen (DAB).

DPX.
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Epithelial Membrane Antigen (EMA) [E29]

&RQFHQIDIHG DQG 3UHGLIXIHG ORQRFIRQDI SQILERG\
&RQIR) LXPEHU

&DIDIRI 1XPEHU $&, $ & $3, $$

" HVFULSILRQ P0 FRQFHQIUDIHG P( SUHGLOXIHG
" LOXIRQ SHDG\ IR XVH

= LOXHQW "D OLQFL *UHHQ 1%

,QIHQGHG 8VH

YRU,Q OUIR *LDIQRVILF 8VH

(SUKHILD) OHPEUDQH $QILIHQ (O$ > 8 LV LQIHQGHG IRU (DERUDIRUN XVH LQ UKH
TXDOUDILYH — LGHQILILFDIRQ ~ RI HSLIKHDO PHPEWDQH DQILJHQ  SURIHQ  E\
LPPXQRKLVIRFKHPLVIN ,+& 1Q IRUPDILQ IL[HG SDUDIILQ HPEHGGHG ))3( KXPDQ
JLWXHV  7KH FOLQLFDO LQIHUSUMIDILRQ R DQ\ VIDLQLQJ RU LIV DEVHQFH VKRX0G EH
FRPSIHPHQIHG E\ PRUSKRIRJILFD) VIXGLHV XVLQJ SURSHU FRQIUROV DQG VKRX0G EH HYDOXDIHG
ZUKLQ IKH FROIH[Y R WKH SDILHQIY FOLQLFDO KIIRU\ DQG RIKHU GLDJQRVILF IHVIV EX D
TXDOLILHG SDIKRORILVI

6XPPDU\ DQG ([SIDQDILRQ

(SUKHILDO PHPEUDQH DQILJHQ  (O$  EHIRQIV IR D KHIHURIHQHRXV IDPLO\ RI KLIKO\
JO\FRV\(DIHG IWDQVPHPEUDQH SURIHLQV NQRZQ DV KXPDQ PLN IDI JREXH +O)*
PHPEUDQH SURIHLQV 7KLV IDPLO\ RI DQILJHQV LV QR UHVIULFIHG IR EUHDVI EXi PD\ DWVR EH
IRXQG LQ VHFUHIRUN HSLIKHOLDO FHOOV IR D OHWHU GHIUHH LQ QRQ VHFUHIRU\ HSUIKHILXP H J
VTXDPRXV HSUKHILXP  DQG UDUHN LQ QRQ HSLIKHILD) FHIV (O LV EHVI FRQVLGHUHG D
EURDG VSHFIUXP DQILERG\ IKDI LV UHDFILYH DIDLQVI PDQN INSHV R1 DGHQRFDUFLQRPD 96UHDVY
DQG VNLQ DGQH[DO IXPRUY DUH VIURQJON SRVUILYH S5 OHVVHU GHJUHH RI VIDLQLQJ LV VHHQ LQ
FDUFLQRPDV RI WKH HQGRPHIULXP NLGQH\ IK\URLG WRPDFK SDQFUHDV 0XQJ FRIRQ
RYDU\ SURVIDIH DQG FHUYL[ (PEU\RQD) FDUFLQRPDY PHGXXDI\ FDUFLQRPDV RI IK\URLG
VTXDPRXV FDUFLQRPDV VDUFRPDV (\PSKRPDV DQG PHIDQRPDV DI WHQG IR EH
QRQUHDFILYH RU VKRZ UDUH SRVLILYH FHIOV  7UDQUUILRQD) FHIO FDUFLQRPDV PD\ VKRZ ZHDN
UHDFILYLI\ DQG DQDSODVILF 0DUJH FHI) ONPSKRPDV FDQ EH SRWILYH IRU (O$

3ULQFLS(H RI 3URFHGXUH

SQILIHQ GHIHFILRQ LQ WWXHY DQG FHOW LV D PXOIL VIHS LPPXQRKLIRFKHPLFD) SURFHW
7KH LQUILDO VIHS ELQGV IKH SULPDUN DQILERGN IR LIV VSHFLILF HSLIRSH SSIIHU ODEHILQJ IKH
DQILJHQ ZLIK D SULPDUN\ DQILERG\ D VHFRQGDU\ DQILERGN LV DGGHG IR ELQG IR IKH SULPDIA
DQILERG\ ~ $Q HQJ\PH DEH) LV WKHQ DGGHG IR ELQG IR WKH VHFRQGDU\ DQILERG\ UKLV
GHIHFILRQ R1 IKH ERXQG DQILERG\ LV HYLGHQFHG EX D FRORULPHIULF UHDFILRQ

B6RXUFH ORXVH PRQRFIRQD)

BSHFLHV SHDFILYLIN +XPDQ RIKHUV QRI IHVIHG

&IROH (

VRINSH ,J*

7RID) 3URIHLQ &RQFHQIUDILRQ a  PJ PO &DW IRU ORI VSHFLILF ,J FRQFHQIUDILRQ
&HOXODU /RFDLIDILRQ OHPEUDQH DQG FNIRSIDVPLF

3RVUILYH 7LWXH &RQIUR) &RORQ DQG EUHDVI FDQFHY

- QRZQ $SSIFDILRQY

,PPXQRKLVIRFKHPLYI\ IRUPDILQ IL[HG SDUDIILQ HPEHGGHG ILWXHY

BXSSIHG SV %X11HU ZLIK SURIHLQ FDUULHU DQG SUHVHUYDILYH

BIRUDJH DQG BIDELILIN

G6IRUH DI & IR & ™R QRI XVH DIVHJ H[SLUDILRQ GDIH SULQIHG RQ YLD) ,I UHDJHQIV DUH
VIRUHG XQGHU FRQGLILRQY RIKHU IKDQ IKRVH VSHFLILHG LQ WIKH SDFNDJH LQVHUI IKH\ PXVIl EH
YHULILHG EN WKH XVHU = LOXIHG UHDJHQIV VKRX0G EH XVHG SURPSION DQ\ UHPDLQLQJ UHDJIHQ!
VKRX0G EHVIRIHG DI & IR &

3URIRFR) SHFRP PHQGDILRQY

“HSDUDIILQL]DILRQ DQG UHK\GUDILRQ  3HUIRUP GHSDUDIILQL]DILRQ RI ILWWXHY ZLIK [\OHQHV
RU [\OHQHV VXEVILIXIH IRORZHG E\ UHK\GUDILRQ UKURXJK JUDGHG DOFRKROV

3HUR[LGH %(RFN %0RFN IRU  PLQXIHV ZLIK %LRFDUH V 3HUR[LGD]HG

SUHVUHDIPHQH  SHUIRUP KHDI UHIULHYDO XVLQJ %LRFDUHEV SHYHDO = HFORDNHU SHIHU IR UKH
SHYHDO ™ HFORDNHU SURGXFI GDIDVKHHI IRU VSHFLILF LQVIUXFILRQY

3ULPDU\ $QILERG\ ,QFXEDIH IRV PLQXIHY DI 57

3UREH ,QFXEDIH IRU  PLOXIHV DIl 57 ZLIK D SUREH

3RONPHU ,QFXEDIH IRU  PLQXIHY DI 57 ZLIK D SRO\PHU

ISO
9001&13485
CERTIFIED

3URIRFR) SHFRPPHQGDILRQV FRQI G

&KURPRJHQ ,QFXEDIH IRU  PLOXIHV DIl 57 ZKHQ XVLQJ %LRFDUHV =$% + 25 +
LOFXEDIH IRU  PLQXIHV DI 57 ZKHQ XVLQJ %LRFDUHIV = DUS SHG

&RXQIHUWDLQ

&RXQIHVIDLQ ZUK KHPDIR[\ILQ SLQVH ZUIK GHLRQLIHG ZDIHU $SSO\ 7DFKDV %0X1QJ
BRIXILRQ IRU  PLOXIH SLQVH ZLIK GHLRQLJHG ZDIHU

7HFKQLFDO 1RIH

"R QR DWRZ WLWXH VHFILRQV IR GU\ GXULQJ WKH WIDLQLQJ SURFHGXUH
VHFIRQV PD\ GLVSOD\ LQFUHDVHG QRQ VSHFLILF RU XQHYHQ VIDLQLQJ

7KLV DQILERG\ KDV EHHQ VIDQGDUGL]HG ZLIK %LRFDUIHV O$&+  GHIHFILRQ VAVIHP W
FDQ DOVR EH XVHG RQ DQ DXIRPDIHG VIDLQLQJ VAVIHP  8VH 7%6 EXIIHU IRU ZDVKLQJ VIHSV

/LPLIDIRQV

7KH RSILPXP DQILERG\ GLOXILRQ DQG SURIRFROV IRU D VSHFLILF DSSOLFDILRQ FDQ YDU\ 7KHVH
LQFOXGH EXW DUH QR OLPLIHG WR IL[DILRQ KHDI UHILHYDO PHIKRG LQFXEDILRQ ILPHV HLWWXH
VHFILRQ IKLFNQHVV DQG GHIHFILRQ NLI XVHG ™ XH IIR IKH VXSHULRU VHQULILYLIN\ RI WKHVH XQLTXH
UHDJHQIV IKH UHFRP PHQGHG LQFXEDILRQ ILPHV DQG HLIHUV 0LVIHG DUH QRW DSSOLFDECH IR RIKHU
GHIHFILRQ VAVIHPV DV UHVXOIV PD\ YDU\ 7KH GDID VKHHI UHFRP PHQGDILRQV DQG SURIRFROV
DUH EDVHG RQ H[FOXVLYH XVH Rl %LRFDUH SURGXFIV S0ILPDIHON L LV IKH UHVSRQVLELOLI\ RI
IKH LQYHVILIDIRU #R GHIHUPLQH RSILPD0 FRQGLILRQV 7KH FOLQLFDO LQIHUSUHIDILRQ RI DQ\
SRVUILYH RU QHJDILYH VIDLQLQJ VKRX0G EH HYDOXDIHG ZLIKLQ WKH FRQUH[W RI FOLQLFDO
SUHVHQIDILRQ ~ PRUSKRORI\ DQG RIKHU KLWRSDIKRORJILFDO FULIHULD EN D TXDOLILHG
SDIKRORILWI 7KH FOLQLFDO LQIHUSUHIDILRQ RI DQ\ SRVLILYH RU QHJDILYH VIDLQLQJ VKRX(G EH
FRPSIHPHQIHG E\ PRUSKRIRJLFDO VIXGLHV XVLQJ SURSHU SRVLILYH DQG QHJDILYH LQIHUQDO
DQG H[HUQDO FRQIUROV DV ZH0 DV RIKHU GLDJQRVILF WHVIIV

AXDILN &RQIUR0

S5HIHU IR &/6, 4XDIUN 6IDQGDUGY IRV "HVLJQ DQG
,PPXQRKLVIRFKHPLVIU\  $WD\V ~ $SSURYHG *XLGHILQH 6HFRQG HGLILRQ
&/6, -D\QH 3% 86% ZZZ FVL RUJ

3UHFDXILRQV

7KLV DQILERG\ FRQIDLQY CHVY IKDQ VRGLXP D]LGH &RQFHQIUDILRQV OHVV IKDQ
DUH QRV UHSRUIDECH KDJDUGRXV PDIHULDIV DFFRUGLQJ IR 86 &)5 26+$
+D]DUG FRPPXQLFDILRQ DQG (& = LUHFILYH (& GRGLXP DJLGH 1D1  XVHG DVD
SUHVHUYDILYH LV IR[LF LI LQJHVIHG BRGLXP D]LGH PD\ UHDFI ZUIK OHDG DQG FRSSHU
SIXPELQJ IR IRUP KLIKON H[SCRVLYH PHID0 DJLGHV 8SRQ GLVSRVDO 10XVK ZLIK 0DUJH
YROXPHV RI ZDIHU IR SUHYHQI D]LGH EXLOG XS LQ SIXPELQJ  &HQIHU IRU = LVHDVH &RQIUR0

DILRQDO , QWILIXIH RI 2FFXSDILRQD) 6DIHIN DQG +HDUIK

BSHFLPHQV EHIRUH DQG DIHU IL[DILRQ DQG D0 PDIHULDOY H[SRVHG IR IKHP VKRX0G EH
KDQGOHG DV LI FDSDECH RI IDQVPLIILQJ LQIHFILRQ DQG GLVSRVHG RI ZLIK SURSHU SUHFDXILRQY
THYHJ SLSHIIH UHDIHQIV E\ PRXIK DQG DYRLG FRQIDFILQJ IKH VNLQ DQG PXFRXV PHPEUDQHY
ZUK UHDJHQIV DQG VSHFLPHQV I UHDJHQIV RU VSHELPHQV FRPH LQ FRQIDFI ZLIK VHQVLILYH
DUHDV ZDVK ZLIK FRSLRXV DPRXQIV R1 ZDIH

OLFURELD) FRQIDPLQDILRQ RI UHDJHQIV PD\ UHVXOH LQ DQ LQFUHDVH LQ QRQVSHFLILF
VIDLQLQJ

JQFXEDILRQ ILPHY RU IHPSHUDIXUHV RIKHU IKDQ WKRVH VSHFLILHG PD\ JLYH HUWRQHRXY
UHVXOIV 7KH XVHU PXVIl YDOLGDIH DQ\ VXFK FKDQJH

* R QRI XVH UHDJHQH DINHU IKH H[SLUDILRQ GDIH SULQIHG RQ IKH YLDO
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