Neoplasia
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Infroduction to neoplasia
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» CANCER is the 2nd leading cause of death in the USA & In
many other countries. a5 ol golind ol s TR
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= Some cancers, e.g., Hodgkin Ilymphomas & acute
lymphocytic leukemia are curable, whereas others such as
r of the lung & pancreas have high mortality.

= The only hope for controlling cancer lies in learning more
bout its cause and PathOgENESIS. e s e e ssimn 4 s gt eyt ot i

Cover: basic biology of neoplasia; the nature of benign &
malignant tumors, the molecular basis of neoplastic
transformation, & their clinical features.
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Cancer a genetic disorder

« Cancer Is a genetic disorder caused by DNA mutations that
are acquired spontaneously or induced by environmental
Insults.
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These/genetic changes alter the expression or function of key
that regulate fundamental cellular processes, such as
growth, survival, and senescence. sianll ool e
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Tumor Clonality

» These genetic alterations are heritable, being passed to daughter
cells upon cell division. As a result, cells harboring these
alterations are subject to Darwinian selection (survival of the
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the selective advantages are conferred on a single cell that
tely gives rise to the tumor, all tumors are clonal (i.e. the
progeny of 1 cell, clonality). ol gl ol s ST ) el il ol
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NORMAL CANCER
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angiogenesis

Hallmarks of Cancer

» Accumulation of
mutations gives rise
to a set of properties
that have been called
hallmarks of cancer.
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® | oss of
responsiveness to
normal growth
controls Is
fundamental to the
origin of all tumors.
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Definitions

» Neoplasia means "new growth”; referred to as.a tumor.
®» Oncology (oncos= tumor, & 10goS=Study OF). (.. usess - sy sistl o

» Definition: Neoplasm is an abnormal mass of tissue, the growth of
which exceeds & is uncoordinated with that of the normal tissues &

persists in the same excessive manner after the cessation of the

Lwhich evoKed the Change. : st st s s ssims il o sunsds ot 85 o0 ol s
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ors behave as parasites & compete with normal tissues &
lIs for their metabolic needs, have a certain degree of autonomy
(self-control) & steadily increase In size regardless of their
environment & nutritional status of the host. Tumors depend on
the host for their nutrition & blood supply.
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There are two types of tumors: benign & malignant, based on a
neoplasm's potential clinical behavior.
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Benign tumors
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Benign tumors produce a localized mass:
1. Innocent. >
2. Localized: do not spread to other sites, <=5 2
3. Can be surgically removed completely, ="
4. Patients generally survives.

»/ These tumors may produce serious effects in certain sites
(pressure effect e.g. within the brain) or produce hormones,
e.g. pheochromocytoma of the adrenal gland.
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Malignant tumors
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= Collectively referred to as cancers, derived from the
Latin word for crab, they adhere to any part that they
can seize on, it Is (difficult to treat).

= Malignant Tumors can: ... <.
i i ] 8yglall ISLgll oo (J2l) Wuwos 1
1. Invade (infiltrate) & destroy adjacent structures,

etastasize I.e spread to distant sites to cause
eath. B gl Gy Basmy gdlge LI yauast o s 2

*Not all cancers follow such a deadly course.
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Basic Components of Tumors
= All tumors, benigh & malignahf, havme 2 ba{Sic
components:
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(1) the neoplastic cells or the parenchymal cells, which
determine their biological behavior.

2)

e supporting, host-derived, non-neoplastic stroma,
ade up of connective tissue & BV, carries the blood
supply & provides support for the growth of
parenchymal cells & which is crucial to the growth of
the neoplasm. st ol o Sl el Ll ] 2
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Nomenclature of benign Tumors
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In general, BT are designated by attaching the suffix -oma to the
cell type from which the tumor arises.

A BT arising In -t ==
fibrous tissue = fibroma; cartilage - chondroma, etc.
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The nomenclature of benign epithelial T can be more comple

illomas are BT of epithelium, growing on any surface,
. squamous cell papilloma of skin=wart). oo 20000
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» Adenomas are benign epithelial neoplasms (1) producing
land patterns and neoplasms (2) derlved from glands
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Cystadenomas are hollow cystlc adenomas, that typically
arise in the OVary ol 8 Bale Lo @8 gon LS ya plysl o dewn Sl &yaall plyoYl

Polyps are grossly projecting masses above mucosal surfaces,
forming a grossly visible structure. Polyps can be Benign or
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A. Papilloma

B. Colonic polyp: glandular tumor (adenoma) is projecting into the colonic
lumen
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C. Cystadenomas of the ovary. e A



Nomenclature of Malignant
Tumors
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» Essentially follows that of benign tumors, with the
addition of the suffix:

—Sarcoma, to mesenchymal cells, or  ssecmwm vs.
a to epithelial cells, with exceptions e wwiwe e,
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rcomas are cancers arising in mesenchymal tissue or
Its derivatives & are designated by their histogenesis (i.e.
he cell type of which they are composed).

Eg: cancer of fibrous tissue origin is a fibrosarcoma & of
chondrocytes Is a chondrosarcoma, etc.
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Carcinomas
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= Carcinomas are metastatic tumors of epithelial cell origin.
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= Carcinomas may be classified further Into: < stui(sco) oo st
Addall daimysdl Bylglall pygll LS a6

= Squamous cell carcinomas (SCC): cancer in which the
tumor cells resemble stratified squamous epithelium.

= Adenocarcinoma: cancer in which the epithelial cells
OF grow in glandular patterns, ="'« = s s e

= Sometimes, the tissue or organ of origin can be identified,
as in the designation of cholangiocarcinoma, which means
an origin from bile ducts; or renal cell carcinoma;
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Sometimes the T grows In an undifferentiated pattern &
must be called poorly differentiated carcinoma.
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Mixed tumors

Jedl 8 bl apslsl alyodl s

= All tumors are monoclonal in origin.
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= |n some Instances, however, the stem cell may undergo
divergent differentiation, creating mixed tumors.
HPCIRWEYS N
= The best two examples are: (el 5l il gl o35 gm sl T
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tumor of the salivary gland (a better name is
orphic adenoma of the salivary gland). These T

cartilage or bone.

ibroadenoma of the female breastis 70 %% =, ©r - e o P
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another common mixed T, Containing L5780 g &0 0 & =
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proliferated ductal elements (adenoma) & 5% & | v‘ é‘;c?o
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Special nomenclature

» Blastoma: tumors arising In Immature tissue or
nervous tissue, most of them are malignant
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e.g. retinoblastoma 25,80 3 il v e o einag )

tumors attaching the suffix-oma. But
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l.e. seminoma, lymphoma, melanoma, mesothelioma
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Table 6.1 Nomenclature of Tumors

Tissue of Origin
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Benign

Malignant

One Parenchymal Cell Type

Connective tissue and derivatives

Fibroma
Lipoma
Chondroma
Osteoma

Fibrosarcoma
Liposarcoma
Chondrosarcoma
Osteogenic sarcoma

Endothelium and related cell types

Blood vessels

Hemangioma

Angiosarcoma

Lymph vessels

Lymphangioma

Lymphangiosarcoma

Mesothelium

Mesothelioma

Brain coverings

Meningioma

Invasive meningioma

Blood cells and related cell types

Hematopoietic cells Leukemias
Lymphoid tissue Lymphomas

Muscle

Smooth Leiomyoma Leiomyosarcoma
Striated Rhabdomyoma Rhabdomyosarcoma
Skin

Stratified squamous

Squamous cell papilloma

Squamous cell or epidermoid carcinoma

Basal cells of skin or adnexa

Basal cell carcinoma

Tumors of melanocytes MNevus Malignant melanoma
Epithelial lining of glands or ducts Adenoma Adenocarcinoma

Papilloma Papillary carcinomas

Cystadenoma Cystadenocarcinoma
Lung Bronchial adenoma Bronchogenic carcinoma
Kidney Renal tubular adenoma Renal cell carcinoma
Liver Liver cell adenoma Hepatocellular carcinoma
Bladder Urothelial papilloma Urothelial carcinoma
Placenta Hydatidiform mole Choriocarcinoma
Testicle Seminoma

Embryonal carcinoma

More Than One Neoplastic Cell Type—Mixed Tumors, Usually Derived From One Germ Cell Layer

Salivary glands

Pleomorphic adenoma (mixed tumor of salivary gland)

Malignant mixed tumor of salivary gland

Renal anlage

Wilms tumor

More Than One Neoplastic Cell Type Derived From More Than One Germ Cell Layer—Teratogenous

Totipotential cells in gonads or in embryonic

rests

Mature teratoma, dermoid cyst

Immature teratoma, teratocarcinoma




Characteristics of Benign
and Malignant Tumors-
idemiology of Cancer
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CHARACTERISTICS OF BENIGN AND
MALIGNANT NEOPLASMS

Differentiation and Anaplasiq,

‘ocal invasion,
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(1) Differentiation & Anaplasia

Differentiation means the degree of SIMILARITY of tumor
parenchymal (neoplastic) cells, to their normal cells of origin,
morphologically & functionally. (Tumor grade) (s ss sesodl zeudl ol 4lis dos sy jaladl -

(posll a2 p0) i oo Ll alo¥l Loy bl Lol go

Benign T: composed of well-differentiated cells that closely resemble
Ir nOrmal COUNLErparts. c el sus o 4. i 85laze Liks o 55 1l 23l

, mitoses are extremely low in number & are of normal shape.
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Malignant T: characterized by a wide range of parenchymal cell

differentiation from, surprisingly well differentiated through an
intermediate (moderately), to poorly or completely undifferentiated T.

The undifferentiated cells of MT are called anaplastic.
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A. Cells show pleomorphism, i.e., variations in cellular & nuclear size & shape. The
prominent cell in the centerfield has an abnormal tripolar spindle.

B. Anaplastic T of skeletal muscle (rhabdomyosarcoma). Note the marked cellular &
nuclear pleomorphism, bizarre & hyperchromatic nuclei, & tumor giant cells.



Differentiation and cell function

= The better the differentiation of the cell, the more completely

It retains the functional capabilities found in its normal
Countel’pal’tS. A dall L@l 5 8392 sall La o)l Oilyually JalS Sy cdbbas] S Jasl a5l 5la5 1S LS

ore rapidly growing & the more anaplastic a tumor s,
the fess likely it is to have specialized functional activity.
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» BT &, even well-differentiated carcinoma of the endocrine
glands frequently produce the hormones characteristic of their
origin, well-differentiated squamous cell carcinoma produces
keratin & well-differentiated hepatocellular carcinoma
produces bile. il loya g ladl phele SR
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Fig. 6.3 Well-differentiated squamous cell carcinoma of the skin.The tumor

cells are strikingly similar to normal squamous epithelial cells, with intercel-
lular bridges and nests of keratin (arrow). (Courtesy of Dr.Trace Worrell, Depart-
ment of Pathology, University of Texas Southwestern Medical School, Dallas, Texas.)




Rate of Growth

» Most BT grow slowly, & most MT grow much faster,
eventually spreading locally & to distant sites, causing death,
however, there are exceptions, & some BT grow more rapidly
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ost BT increase in size slowly over the period of months

ars, but there is variation in the rate of growth from one BT
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= MT growth rate correlates with their level of differentiation, a
rapidly growing T tend to be poorly differentiated, with some

exceptlonS. Olelizad] sy go Julad] dages 6T d' ! gadl doyy 9|)9‘i| Juadg laislad ¢ grway dausdl pbgw 9ai Jama by

Most cancers progressively enlarge over time, some slowly,
others rapidly, but the idea that they occur suddenly is not

rue. QM)-&G[D;Q @i gas 8358 S ey 3391 ey el lpasy (Bl yg 30y sy yad Ul yudl @lies @seasd
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(3) Local Invasion
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= Benign tumor: remains localized at its origin.

® |t does not have the capacity to infiltrate, Iinvade, or
metastasize to distant sites. S 8150 I sl o o5l o Yl e 53080 sl o

= Encapsulation i1s the formation of an enclosing fibrous
capsule that separates most BT from the surrounding host
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»/Malignant tumors: grow by progressive infiltration,
Invasion destruction, and penetration of the surrounding

tissue. adasall doeaN Blyslg ywoadlg g32llg L;u).u“ Jecdl Gaybo ye gasd dasdl Pbgw

= Surgical pathologists carefully examine the margins of
resected tumors to ensure that they are devoid of cancer

cells (clear margins). toliall plygll ralsn dlia; G banll plsall ele silasi oy
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A. Breast Fibroadenoma: Encapsulated, tan-colored small tumor on the left is
sharply demarcated from the whiter, normal breast tissue on the right.

B. The tumor is nonencapsulated, infilirating the surrounding breast substance,
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Tumors of The Myometrium

Endometrium

(Leiomyosarcoma)

Large Locally invasive
Poorly demarcated Metastatic
Rapidly growing with Poorly differentiated
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(4) Metastasis

Metastasis means the development of secondary implants (metastases)
discontinuous with the primary tumor, possibly in remote tissues.(Tumor
staging)
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However, cancers have different abilities to metastasize:

= At one extreme are basal cell carcinoma of the skin & most primary tumors

of the CNS that are highly invasive in their primary sites of origin but
i7al )l 3lead) 4 oYl plygYl binag alad) dyselall LUSI] o Ub yus az gy 2gtdl 33b as 8
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t the other extreme are osteogenic sarcomas which usually have
etastasized to the lungs at the time of initial discovery. Approximately
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30% of newly diagnosed patients with solid T.  .%a . ool s sty sy ot it
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(excluding skin squamous & basal cell carcinomas) present with clinically
|dent metastases. sy dondly Blas 1qhs (aladl 8 dyaclall LISl ;s sy i youdl MS] b s 2 lizzaaly)

An additional 20% have occult (hidden) metastases at the time of
diagnosis.
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Metastasis
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= Rule: the more anaplastic & the larger the primary T, the more likely it is to
metastasize
Olylas S gas] F]wu alyodl yas

Metastatic T disseminate by one of three pathways:

(1) Seeding within body cavities ===
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E.g./0vary, stomach & colon into peritoneal Cavity

(2) ymphatic spread colaall Ll (2)
ore typical of carcinomas =V soslses

Hematogenous spread

favored by sarcomas but carcinomas use it as well.
ésA.L”)Li«;dﬂ (3)
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Epidemiology of Cancer
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Cancer epidemiology can contribute substantially to the

knowledge about the origin of cancer. E.g.

= Cigarette smoking is associated with lung cancer. w..w e ssws,

® Incidence of colon cancer & dietary patterns in the Western
& Africa led to the recognition that dietary fat & fiber
content may be important in the causation of colonic cancer.
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Cancer Incidence

A. 2006 ESTIMATED CANCER INCIDENCE BY SITE AND SEX"

B. 2006 ESTIMATED CANCER DEATHS BY SITE AND SEX

Prostate 33% 31% Breast
Lung and 13% 12% Lung and
bronchus bronchus
Colon and 10% 11% Colon and
rectum rectum
Urinary 6% 6%  Uterine corpus
bladder 4%  Non-Hodgkin
Melanoma 5% lymphoma
of the skin 4% Melanoma
Non-Hodgkin 4% of the skin
ympfioma 3% Ovary
Kidney 3%

3% Thyroid

) Q,
Oral cavity 3% 2% Pancreas

Leukemia 3%

2%  Urinary
Pancreas 2% bladder
All other sites 18% 22% All other sites

* Excluding basal and squamous cell gkin cancers and

Lung and
bronchus

Prostate

Colon and
rectum

Pancreas
Leukemia
Esophagus
Liver

Non-Hodgkin
lymphoma

Urinary
bladder

Kidney
All other sites

31%

9%
10%

6%
4%
4%
4%
3%

3%

3%
23%

26%

15%
10%

6%
6%
4%

Lung and
bronchus

Breast

Colon and
rectum

Pancreas
Ovary
Leukemia
Uterine corpus

Non-Hodgkin
lymphoma

Brain

Multiple
myeloma

All other sites

carcinoma in situ (except urinary bladder)




Geographic & Environmental
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= Environmental factors are the predominant determinant of the most
common sporadic cancers compared to heritable factors.
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= The evidence is as follows: < &yl Bl S 3 L 31 4l s
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= [iver carcinoma is relatively infrequent in the USA but is the most
lethal cancer among many African native populations.

» Conversely, the death rate for stomach carcinoma in men & women Is
es higher in Japan than in the USA. = & oo oo

= Nearly all the evidence indicates that these geographic differences
e environmental rather than genetic In origin. ekt ol olbsaidl pe i

Jodl 8 adlyg cundg dun dlyaal
nvironmental carcinogens are many, including sunlight, cigarette

smoking, & chronic alcohol consumption. = "= 0= o=

Cervical cancer is linked to age at first sexual intercourse & the
umber of sex partners (pointing to a role of oncogenic virus, HPV).
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Age
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®» |n general, the frequency of cancer increase with age.

» Most cancer mortality occurs between ages 55 & 75 years; the
rising incidence with age may be explained by the: =2

2o Lol Juno ¢l yut
(1) Accum

lation of somatic mutations, ... cuwi i) R
(2) Decline in immune competence that accompanies aging.

45 g5l co Loy il dcliall 32168 o lasul (2)

® (Jancer causes about_10% of all deaths among children younger
han_15 years, most notably leukemia, tumors of the central
nervous system, lymphomas, and bone sarcomas.
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Heredity
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= Most cancers are sporadic, but some are familial. Predisposition to hereditary
cancers may be:

(29 RB: p53: BRCA 1 J2a) ylboyudl dgls Ol 6 838k < oo il
= Autosomal dominant - mutation in cancer suppressor genes (e.g. RB, p53,
BRCA1& 2)
il wose o awxr e

= Autosomal recessive - inherited defects in DNA repair < »='&

milial cancers tend to be bilateral and arise earlier in life than their sporadic

ounterparts. 18yl by 8l el i 3Sim 89 S salas lad] 415 655 ol ] Ablall ©bllo ] Jea

no more than 5% to 10% of all human cancers are familial
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Neoplasia

Etiology of Cancer
Carcinogenesis: the molecular basis of cancer




Etiology of Cancer: Carcinogenic

Agenis ‘ulnwyg)ﬂ')a&& o 8all &lsz‘uﬂww
olyalll e g 181 ISy sl ollacg
= Radiation Carcin0gens &'l s lss b sy e 5 ] 384 laa g

= |onizing radiation causes chromosome breakage, translocations, and, less
frequently, point mutations, leading to genetic damage and carcinogenesis.

» UV rays lead to mutations giving rise to squamous cell carcinomas and
melanomas of the skin. 398 285 Db ] demtid] 368 a3l o085

Al Aladl EIBWs susg didsysdl LIS EIEENE

= Chemical Carcin0gens tas @b yual slsal

» (Chemical carcinogens have highly reactive electrophile groups that
directly damage DNA, leading to mutations and eventually cancer. e.g.,

alkylating agents used for chemotherapy. Slegana e 2las)l ab suudl slsall g5z
9ol jaaxdl alid Jeladl Bagad &ulud9,541S
S @ledl oo Olyab JI ¢35y las sila Sy
A Jolge (Jlaall Jurs Lle . oyUbyudl
SleasSl Ml 8 daasczuall




Viral and Microbial Oncogenesis

plyoM Ll Slugyall

Oncogenic Viruses

| 4501 LA goliaddl pl (olagl pugyd

(1) RNA Oncogenic VIrUSeS: ., . ._.iza ciss soliadl pall Lol . (HTLV-1) 1 il o9

(e olall aygll/all Lystsdl

= Human T-Cell Leukemia Virus Type 1 (HTLV-1) ->T-cell leukemia/
lymphoma,

:a1yoMW decwall DNA Slusgysd

Oncogenic Viruses: |
o>l @ie ylb s < (HPV) gridl adsdl aygll yugsid
oloyw o EBV )b opliy] jugyd

man Papillomavirus (HPV) = cervical cancer. B

= /Epstein Barr Virus EBV - Burkitt lymphoma, Hodgkin's lymphoma

Hepatitis B Virus HBV —-> hepatocellular carcinoma (HCV an RNA

virus causes HCC too). B LU o s < B HBY 451 olgall 038 552300 Gyglaadll sadll olbsus
(Ll LasIT L] by oy RNA (0938 929 (C Sl Olgdl jugyi8)

Bacterial Infection ., . ...

. pylori infection - gastric adenocarcinoma. s s olbss - iulsdl dolall cose



Pathologic
Condition

Asbhbestosis, silicosis

Associated
Neoplasm(s)

Mesothelioma, lung
carcinoma

Table 6.2 Chronic Inflammatory States and Cancer

Etiologic Agent

Asbestos fibers, silica
particles

Inflammatory bowel
disease

Colorectal carcinoma

Lichen sclerosis

Wulvar squamous cell
carcinoma

Pancreartitis

Pancreatic carcinoma

Alcoholism, germ
line mutations
(e.g., in the
trypsinogen gene)

Chronic cholecystitis

Gallbladder cancer

Bile acids, bacteria,
gallbladder stones

Reflux esophagitis,
Barretc esophagus

Esophageal
carcinoma

Gastric acid

Sjogren syndrome,
Hashimoto
thyroiditis

MALT hymphoma

Opisthorchis,
cholangitis

Cholangiocarcinoma,
colon carcinoma

Liver flukes
(Opisthorchis
wiverrini)

Gastritis/ulcers

Gastric
adenocarcinoma,
MALT hymphoma

Helicobacter pylori

Hepatitis

Hepatocellular
carcinoma

Hepatitis B and/or C
virus

O sreomyelitis

Carcinoma in
draining sinuses

Bacterial infection

Chronic cervicitis

Cervical carcinoma

Human
papillomavirus

Chronic cysrtitis

Bladder carcinoma

Schistosomiasis

Adapted from Tlsty TD, Coussens LM: Tumor soroma and regulation of cancer
development, Ann Rev Pathol Mech Dis 1:1 19, 2006.




How do Tumors Develop?

aslg e o 3881 8 Olydl Gasg goodl (el (B s Alia oSy ol co
» There has to be a change to DNA, alterations occur to more than
one gene.

» The change must cause an alteration in cell growth and
behavior. LS slusg L3I a5 6 i 3yl oty ol o

» The change must be non-lethal and be passed onto daughter

lls. gl LSl 1 Yy ol osna e ssiall 1653 o s

enetic alterations occur in 4 Classes of Normal Regulatory Genes

gl dadandl Sliadl e D6 4 5 dadl Oyl S

Growth-promoting proto-oncogene

Growth-inhibiting tumor suppressor genes i

Dozl dalize Ol 3

Apoptosis-regulating genes g0l sl o] i 4
DNA repair genes



Accumulation of driver and
passenger mutations

Carcinogen-induced Additional driver Additional mutations,
mutation mutations Emergence of subclones
O > . - . Diagnosis
Normal Initiated precursor with Founding
cell stem cell-like properties cancer cell
Genetically
heterogeneous
cancer

Initiating mutation Acquisition of Further genetic

cancer hallmarks evolution

Fig. 6.16 Development of cancer through stepwise accumulation of complementary driver mutations. The order in which various driver mutations occur is
usually unknown and may vary from tumor to tumor.



Molecular Basis of Cancer

Acquired (environmental) |—>| NORMAL CELL
DNA damaging agents:
= chemicals Successful
= radiation DNA repair
= viruses
DNA Damage
Failure of DNA repair |«———| |pherited mutations in:
l = Genes affecting DNA repair
= Genes affecting cell
Mutations in the genome |«—— growth or apoptosis
of somatic cells
Activation of Inactivation of Alterations in
growth-promoting tumor suppressor genes that
oncogenes genes regulate apoptosis
Unregulated cell proliferation Decreased apoptosis

\r_/"'

Clonal expansion

Anglogenesis —

- Additicnal mutations
Escape from immunity -
w
Tumor progression
Malignant neoplasm |—»|  'fvasionand

©r Elsavier Kumar et al: Robbins Basic Pathalogy Be - www. shudentconsult.com
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Molecular Basis of Cancer: hallmarks
of cancer e

Six hallmarks of cancer. Most cancer cells acquire these properties
during their development typically by mutations in the relevant genes

sadl Olylal 8 31Ul elasyl
_— Self-sufficiency in

o Self-sufficiency in growth signals. growih signals
Evading Insensitivity to

o Insensitivity to growth-inhibitory apoplosis anti-growth signas

signals. sadll bty &l yLasd dgenluunl pac

Evasion of apoptosis. zeltslios o vyl

Defects in DNA repair. sssi! oz ool b ose
Limitless replicative potential. s sriss
Sustained angiogenesis. s wses desl s

slacsdlg g3l e 88l

Ability to invade and metastasize.

Sustained Tissue invasion
«Another important change for tumor A S
. Limitless replicative
development is the escape from potentia

Immunity. Aeball o w3l 90 poll sokad 33T go s »



(1)Self-sufficiency in growth signals
(Oncogenes and cancer)

LoMsdl 3185 (lownia 395 dmds dygls Ol tdnygll dodl Ol
Proto-Oncogenes: normal cellular genes whose products
promote cell proliferation.
Oncogenes: mutant version of proto-oncogenes that function
autonomously without the requirement for normal growth-
promoting signals. Dominant alleles sl e

SNl o Jazua JSig Jasi dl 4931
3.5 Ll OMIY  gasll 83amn dends Oyl
Probe% products of oncogenes: Al it e
1. /Growth factors. sl
2/ Growth factor receptors. e
Signal transducing proteins. sastl el SR

(CDKSs) oS! Lo Bsaznall O30Sl OlidSiudl 5]

4: Nuclear transcription proteins
5. Cyclins and cyclin-dependent kinases (CDKSs).



(2) Insensitivity to growth-inhibitory
signals (Cancer suppressor genes)

P53 Gene: Guardian of the Genome  sssese oo

= n53 Is the central monitor of stress in the cell and
can be activated by anoxia, inappropriate oncogene
signaling, or DNA damage. =22 55 s et ot e

= Activated p53 controls the expression and activity
of genes involved In cell cycle arrest, DNA repalr,
ellular senescence, and apoptosis.

Leb Lidg (&ilawdlg (duglsdl 45 g3 idlg (5984l Jansdl =)ol By9s waBgi S &S lanall Silieadl e yundl 6 bicall p53 1y sdl @St

DNA damage leads to activation of p53 by
phOSphoryIauon Bauall Basb e p53 beai I coadl jansdl Al cagy

= |[f DNA damage cannot be repaired, p53 Induces
CG”UIar Senescence Or apOptOSIS. P53 o8 (ogdl jaasdl ali =)Mol yiss 13]

J@ilazwdl ol dyglsdl a3 gs il jany

= Of human tumors, 70% have a homozygous loss

Of p53. P53 exl) Jlaza yludd oo Jlai lgre %70 dasacdl plyodl o p0




The role of p53 in maintaining the
integrity of the genome

&by Jalge dawlgs L>_sz_a.4.l£:J| p53 b KL

- Activation of normal p53 by DNA- [ =0 0 2
damaging agents or by hypoxia leads = =zteiamslais]

lonizing radiation

to cell cycle arrest in G1 and N
induction of DNA repair. )

Cell with
mutations or
loss of p53

O Successful repair of DNA allows cells
to proceed with the cell cycle; e o

4A_>_H 25)9..) iLoLgAg L))A:;JJ 695"” o 1 3-?"‘:‘“ CM‘O?' 3 p53 activated and p53-dependent genes
] 2 J ] T . bindslcbDNA not activated
D f D NA re pal r fal IS, p53 trl g g e rS Transcription dependent and cycleN:n?:: l :%grb,‘:o
. . independent effects on targets SENESCENCE
either apOptOSIS Oor senescence. _ ¥ <
REG Al 9i zayall LISI! Sga Lo 3oy p53 olé ‘é99:‘“ waasll 7Mool Lid 13 \ Sreacenss (CDK‘:rz\t:ibilor) (Dcil‘l\\org;a?ir) ’

In cells with loss or mutations of p53, | o

Nomnal cells Apoptosis Malignant tumor

genetically damaged cells proliferate, © B 3 s s ol - o

giving rise eventually to malignant

neoplasms ddsdl 3y9s a8gi JI 699“” waasll ali ALY 3.p53 = Glyab 9| olads ia Ly.\LSU u—““ Lyl -
: s alyel JI aledl 2 6382 aa (lyg dalldl LI 51889 (s 99l (pandl 2Mo] of



Deficiency of

ROS ‘ growth factors
Radiation and survival
Chemicals signals

T e T

3) Evasion of
Apopftosis

Overexpression == | p53 response

of MDM2 w
° MDM2 encodes an l' Activation of
BAX/BAK € B|M and

other sensors

inhibitor of p&3. PO DM2 5o

BCL-2
T BCL-XL
MCL-1

Mitochondria

1

Cytochrome c « APAF-1

|AP === Caspase 9

!

Caspase 3

!

s )1 SLIYNg zeayall LSl Sga) LIS 1W1 Ll 6,25 ISl Apoptosis
o185 (1) Ll Sga camd) il yudl LI Lgassizus 2l
MDM2. dawlgs bl I35 oo ol 3yakall M5 e Lol p53  Fig. 6.25 Intrinsic pathway of apoptosis and major mechanisms used by
8aLu3) G LyaisSoxaall o 7 poxSored] zoys plassl (2)  tumor cells to evade cell death. (1) Loss of p53, either through mutation or

BCL-XLo BCL2 2 zmasall UMsJl &sgal 83linall Jalgall pbass through antagonism by MDM2. (2) Reduced egress of cytochrome ¢ from
oyl Ll &se bagze MCL-. IAPS mitochondria as a result of upregulation of anti-apoptotic factors such as

BCL2, BCL-XL, and MCL-1. IAP, Inhibitor of apoptosis.




(4) Limitless Replicative Potential

= In normal cells, which lack expression of telomerase, the
shortened telomeres generated by cell division eventually
activate cell cycle checkpoints, leading to senescence and
placing a limit on the number of divisions a cell may undergo.

8 b sl aludil e dailll ypaill Olpasled] 18 lisesledl e sumall ] sns A dmedall LS 8
Al 2as3 ol oSy Gl Olaludsdl sasl 13> payg a5 gseidl | 635y las (sl Bygs s blas dlgdl
lIs that have disabled checkpoints, DNA repair pathways
Inappropriately activated by shortened telomeres, leading

to massive chromosomal instability and mitotic crisis.

e IS go0dl Lansdl 3ol Olyluce bt s (g o] bolis Jdass @3 Ll Lokl 3
oLl 4,0)|9 bila Lz.ag,‘.ug,og)fjbﬁ;ad pac | RELX las 8 ycadll Sl yiagled] dawlgs conlia

Tumor cells reactivate telomerase, thus staving off mitotic
catastrophe and achieving immortality. Sl Sl by &l LSt s

3glsJ] By dsaludi¥l B\S)| Cuns



\Metaphase
Dicentric =
Inactive telomerase Shortened telomeres chromosomes / \ / \ Anaphase

g
Multiple NHEJ LI G C —
(50-70) pathway T
cell divisions \ H /

NHEJ
. pathway
Checkpoint H ﬁ New double-

N

AN
W

7
N

+p53 activation stranded breaks

4 —Telomer? Qomerase reactivation

Mitotic
H catastrophe

Senescent cell CANCER

Fig. 6.26 Escape of cells from replicative senescence and mitotic catastrophe caused by telomere shortening.



(5) Development of Sustained
Angiogenesis

4d @S>l @y lagad Uygsd plyodl 8 dygendl due gl o oS5 ae)

oSS b Jaloes dygaall dueodll (oS Jolse o (3lodl IS (o
g gawd! LMslg p ol LiMs (g u—““ dugaall Lol

®» \/ascularization of tumors Is essential for their
growth and is controlled by the balance between
anglogenic and anti-angiogenic factors that are

produced by tumor and stromal cells.

fypOX|a triggers angiogenesis through the actions
Hypoxia —inducible factor 1 IFlocf)] which

In turn activates vascular endothelial growth factor
VEGF.

2394 g9 (HIFT) 1 Juasl) Llall oSl 05 ol
VEGF dgadll &gl &llay 505 Jole by



(6) Ability to invasion and
metastasis

(Olghs gyl b DL 83400 daw 09 dxaddl g3E e 8yaall Sans

The ability to invade tissues, a hallmark of
malignancy, occurs in four steps:

= |oosening of cell-cell contacts, .. ...
radation of ECM, s s s

= gttachment to novel ECM components,

and migration of tumor cells.

Loyl LMs! 3y~



Invasion and Metastasis

sl p oM 83small & o)l Slawdl o sLicsdlg g3all )

Invasion and metastasis are biologic hallmarks of malignant
tumors.

= They are the major cause of cancer-related morbidity and
mortal ity. b3y dagsall Oldglly dslyal syl coudl oo

lopment of effective therapies to prevent tumor spread.
ool slas! gia) @led Slade pyghig ol yudl bya 83la¥ Gl dual 13 ylacidl Lol xolgll egall s

he metastatic cascade: Two phases ... ..

= [nvasion of Extracellular Matrix, ===

Vascular Dissemination and Homing of Tumor cells.

Al ! LIS b gig ilegll Lol



Transtormed

¢ \
.....

Basement
membrane

Clonal expansion,
— growth, diversification,
angiogenesis

|

—— Metastatic subclone

.

Adhesion to and
invasion of basement
membrane

Passage through
extracellular matrix

Intravasation

Y
Interaction with host
lymphoid cells

N
Tumeor cell
embolus

Y
Adhesion to
basement
membrane

Extravasation

\ 4
Metastatic
deposit

\
Angiogenesis

4
Growth

Invasion and Metastasis

Steps of Invasion

238 LS e Bladdl o las

loss of tumor cell-cell adhesion.

Q

(23 invasion of basement membrane and

dyglsdl s Balall g cnelall sLaall g5e

extracellular matrix

o\. adherence to the matrix. sl slazyl
\a secretion of proteolytic enzymes. . .ssd) dllsall clayisdl 51,8]
(. cell locomotion.

Jalsdlasys

invasion of blood vessels and lymphatics.
yglaallly dyg04l deeglll g3

circulating tumor cells. . ... ...
formation of tumor clumps. = b= s

adhesion to endothelium.

&ladly gladl

eV W

penetration of basement membrane.

gl cluall glys



Invasion of epithelial basement
membranes by tumor cells

L Tumor cells detach from each other - =/t o
because of reduced adhesiveness.

 Then secrete proteolytic enzymes

(proteases), degrading the basement |
MDrane., el Ll fos Jl gass b (Sl3kex) ool dlme Slagiil 55 =

Invasion of the ECM requires active

enzymatic degradation of the ECM T
components. I GGl

d Tumor cell intravasation and R =
m i g r ati O n fo I I OW. © Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com
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Vascular Dissemination and

Homing of Tumor Cells “

= Once in the circulation, tumor cells are particularly
vulnerable to destruction by Innate and adaptive
Immune defenses. 550 e 25 L 215 sl sl 252

i Sallg dy )] deeliall Oleldu] dawlgy yrond) ols

= \\ithin the circulation, tumor cells tend to aggregate

In ¢clum ps. 5 b gl ] 5Lyl LSSIT Jead goll 8300l J1s

cgaeld)l cladll ye paddl ady &ladly Sladd] sasny 28lga 2 &yl Slaall Wusg a8g5 oty

»/Arrest and extravasation of tumor emboli at distant
sites Involve adhesion to the endothelium, followed
by progression through the basement membrane.

= Involved In these processes are adhesion
molecules (integrins, laminin receptors) and
proteolytic enzymes. Sl sloshll Sl el s

ooyd) dllall Slay35Rlg (purea SMdtuag



923l ax ol I

Mechanism of Organ
Tro pis m o yud| ISII ggun 488 2y 50.] dee oM A5l Bladly laddl Lo Jludl 8 Jo¥l slasl ¥ 13k

Bagruall gnall Eoladl LS e JLeads S ey ge sl aa glad] Sligsa e

» Because the first step In extravasation is adhesion to the
endothelium, tumor cells may have adhesion molecules
whose _Il%jands are expressed preferentially on the
endothelial cells of the target organ.

e endothelial cells of the vascular beds of various tissues differ in their

expression of ligands for adhesion molecules. ‘ ‘
dnuddl 8 dyg0all & oM Al L] calis

Bladdl Slyia> bulgy e laysed 6 dalusiall
»/Chemokines have a very important role in determining the
target tissues for metastasis. L) 8l o 51500 8 Gl ige 1555 oliSonsSl s

= In some cases, the target tissue may be a non-permissive
environment/unfavorable soil, so to speak, for the growth
of tumor seedlings. For example, although well-
vascularized, skeletal muscles are rarely the site of
metastases.

Wyl LML gad el o o] dnlia 318 d3y5/ 5190 348 diy Bagraall gewd] 9Ss 18 (] sy L>_9
Olagsl 18850 0,555 La 1536 sl 31 sl e g3l gt &Sl coslaaall o a aeyll e Jlaall Josas e



TREATMENT

= Surgery.
Syl
= Radiotherapy. st gl
e lial 3l
= Chemotherapy. sl

Immunotherapy.

= Hormone-therapy.
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What Are The Final Complications Of
Malignhancy (Causes Of Death)

® Pneumonia. e

= Cachexia. s

= Renal failure. <=~

= Bleeding. -

= Severe anemia, thrombocytopenia. <o ste
Infections. =

= Hypercoagulability. ...

= Pain Is more of a devastating symptom than a
complication...has to be controlled.
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