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Intfroduction to neoplasia

(A 1AL fya wusall by L0 5a¥ 1 Sunill bl g BLasll @31 gl vl ga Lyl
» CANCER is the 2nd leading cause of death in the USA & in
many other countries.
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®» Some cancers, e.g., Hodgkin Ilymphomas & acute
Lo iy LT

lymphocytic leukemia are curable, whereas others such as

cancer of the lung & pancreas have high mortality.
] Slisnny s dsm a3 alad (o ey e heeall sl LY S,
® The only hope for controlling cancer lies in learning more

bout its cause and pathogenesis.
Ayl | peailadg Jsaill aly U oisall Guludl @nall alys¥1 g Savant] dasds alySU Lnludl Linsloudl 2ol

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




Cancer a genetic disorder
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* Cancer 1s 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
gengs that regulate fundamental cellular processes, such as
growth, survival, and senescence.
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Tumor Clonwdtlﬁ'y
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® 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
fittest). T
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the selective advantages are conferred on a single cell that
tely gives rise to the tumor, all tumors are clonal (1.e. the
progeny of 1 cell, clonality).
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Hallmarks of Cancer
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®» Accumulation of
mutations gives rise
to a set of properties
that have been called
hallmarks of cancer.
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Definitions
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= Neoplasia means "IleW rowth’; refeﬂed to as a tumor.
b
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®» Oncology (oncos= tumor, & logos=study of). s fubl Lot e suie s 553 6
Sl BT Al S 5aall S35 g ALl &yl pudy

® Definition: Neoplasm 1s an abnormal mass of tissue, the growth of
which exceeds & 1s uncoordinated with that of the normal tissues &
persists in the same excessive manner after the cessation of the
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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.

oy Jaiall (el elsleadl () Taliieal sy Basan talys¥] oo oless llia
There are two types of tumors: benign & malignant, based on a
neoplasm's potential clinical behavior.
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Benign tumors produce a localized mass:
1. Innocent.

2. Localized: do not spread to other sites,
3. Can be surgically removed completely,
4. Patients generally survives.
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>/These tumors may produce serious effects in certain sites
(pressure effect e.g. within the brain) or produce hormones,
¢.g. pheochromocytoma of the adrenal gland.
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Malignant fumors 7=

» Collectively referred to as cancers, derived from the
Latin word for crab, they adhere to any part that they
can seize on, 1t 1s (difficult to treat).

®» Malignant Tumors can; ™=

Sysladl JSLll ey (JLacill) 53

1. Inyade (infiltrate) & destroy adjacent structures,

okl o8 il Suaas adlge () HLESY ST B

. Metastasize 1. spread to distant sites to cause
death.

*Not all cancers follow such a deadly course.

ccsaall HLall 158 o el ¢ 1531 guen T ¥*




Basic Components of Tumors

= All tumors, benign & malignant, have 2 basic

components: “
easladl ngShen aand g Aile WAL 5f Lyl LA (

(1) the neoplastic cells or the parenchymal cells, which
determine their biological behavior. === —miese o

(2) The 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.
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Nomenclature of benign Tumors
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In general, BT are designated by attaching the sutfix —oma to the
cell type from which the tumor arises.

A BT arising in

fibrous tissue =2 fibroma; cartilage =2 chondroma, etc.
Im,_‘fﬁ MIMJLQJQJITWQ@JQSM

The nomenclature of benign epithelial T can be more complex:
] (3301 = alall gl gndaTT o sll JELT ases o) chans 6T ol sais & lelal] cyo BT 52 glall iyl
® Papillomas are BT of eplthehum growing on any surface,

. squamous cell papllloma of skln—wart)
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®» Adenomas are benign eplt elial neoplasms (1) producing
oland patterns and neoplasms (2) derived from glands

a8 Taiy (S5 Lo Bule (Al MJAA‘LLA_LAS@ Cilﬂlwu.u&llmpﬂ

Cystadenomas arc hollow cystic adenomas that typically
arise in the ovary.

Polyps are grossly projecting masses above mucosal surfaces,
forming a grossly visible structure. Polyps can be Benign or
Malignant.
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B. Colonic polyp: glandular tumor (adenoma) is projecting into the colonic
lumen

C. Cystadenomas of the ovary.



Nomenclature of Malignant
Tumors

G Bl go Bseall alyg¥ 1 gunli] JSt g
» Essentially follows that of benign tumors, with the
addition of the suffix:

—Sarcoma, to mesenchymal cells, or o Al M) ] Ll
suilly Bl Dl calall e Sleliiol go dlelall LA Gl e -

—Carcinoma to epithelial cells, with exceptions

(Lo S5 (o301 TR ¢ 55 (6T) Toan | 03055 DA 0 LS g giliitin oF Unpeugl) Tonan | (b Lt il o Tonalll a9
= Sarcomas are cancers arising in mesenchymal tissue or
its derivatives & are designated by their histogenesis (i.e.

he cell type of which they are composed).
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Eg: cancer of fibrous tissue origin 1s a fibrosarcoma & of
chondrocytes is a chondrosarcoma, etc.



Carcinomas

» (Carcinomas are metastatic tumors of epithelial cell origin.

® (Carcinomas may be classified further mnto:. sy o s
Lkl Tyl 8l Tl gl LA 4035 53 ayuad (SCC) ety Lolall gyl

» Squamous cell carcinomas (SCC): cancer in which the
tumor cells resemble stratified squamous epithelium.
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®» Adenocarcinoma: cancer in which the epithelial cells
(ola¥ | g Rall oT Tl syans Sy (la¥ ] (aay o8

or grow in glandular patterns. . w fonemiia st g s
LI WAL s yes T ‘aglyiall slsiall cpe Jusl

®» Sometimes, the tissue or organ of origin can be i1dentified,
as 1n the designation of cholangiocarcinoma, which means
an origin from bile ducts; or renal cell carcinoma;

J_,LA_:”s_QMUUaJ.u‘L\lc_dﬂmulQAJ&)JLAJAJAQLM@_QTWQU;Y|U¢~6\A

Sometimes the T grows in an undifferentiated pattern &
must be called poorly differentiated carcinoma.




Mixed tumors

Ja¥ o8 el Gula]

= All tumors are monoclonal in origin.
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® [n some instances, however, the stem cell may undergo

divergent differentiation, creating mixed tumeors.
Tloa (Al Juad]
= The best two examples are:
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tumor of the salivary gland (a better name 1s
orphic adenoma of the salivary gland). These T
haye obvious epithelial components, with islands of
cartilage or bone. i
ibroadenoma of the female breastis A% . ww}jﬁ%
another common mixed T, Containing é 2 iﬁ.o ,',":»"*° x
proliferated ductal elements (adenoma) | 82 & ? {8 e N
stroma (fibroma). e A
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Special nomenclature

Bas Lol dynall ol of sl ye Lol o8 Lo 3l alyg¥ ) g9 ¥ aysll
» Blastoma: tumors arising 1n 1mmature tissue or

nervous tissue, most of them are malignant

. o Saitll a1 ayoll JBL Sy e
e.g. retinoblastoma 77

tumors attaching the suffix-oma. But

i.e. Seminoma, lymphoma, melanoma, mesothelioma

Bews oS Ll BaY ple 3laS ol (an



Table 6.1 Nomenclature of Tumors

Tissue of Origin

AL Uine S Ly (o age

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 Nevus 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

Pleomorphic adenoma (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 Mature teratoma, dermoid cyst Immature teratoma, teratocarcinoma
rests




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

1- Differentiation and Armplasm
2- Yocal invasion, ™
34 Metastasis ks




(1) Differentiation & Anaplasia
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» Differentiation means the degree of SIMILARITY of tumor
parenchymal (neoplastic) cells, to their normal cells of origin,
morphologically & functionally. (Tumor grade)

T opmaladl agilplas 5K e 4l Taaa S3nbaio LIS oo (5SS aseadl,

» Benign T: composed of well-differentiated cells that closely resemble

rmal counterparts. conb JSE S5 goay saall o8 LG Ladaie caldll o6& BT

, mitoses are extremely low in number & are of normal shape.
T St oalite cgpm el Lt AN o Bl e pamnas 50 A
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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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(© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com (© Elsevier Kumar et al: Robbing Basic Pathology 8e - www.studentconsult.com

Anaplastic tumor cells
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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.
Anaplastic T LiSgll colasll & (rhbdomyoysarcoma).
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Differentiation and cell function
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® The better the differentiation of the cell, the more completely
it retains the functional capabilities found in 1ts normal
counterparts.

paadis odalsg bl gl 6 o Jlaal J8 LIS et JiSTg & yual Y<K gals apll IS LS
ore rapidly growing & the more anaplastic a tumor 1is,
the less likely 1t 1s 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.




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.)
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Rate of Growth el

= 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
than some MT. oKly clyion o] 52¥0 5538 A slays BT alans ana alss cdacll

ATl saly BT G peill Juse o CibEa) Jlis

ost BT increase 1n size slowly over the period of months
to years, but there is variation in the rate of growth from one BT

to/another. Ll ] gaill gy T aas T aaipuled gsiowes MT paiifuasiinss
Sl Bl (ams e cfoen Sy

» MT growth rate correlates with their level of differentiation, a
rapidly growing T tend to be poorly differentiated, with some

exceptions. Ryt ] oo L il 3y Lt ol £ ] i
e ellIS e 3lad Lgigan 3,56 oI

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



(3) Local Invasion

dlal o8 Liacage S5 ¥ taseall aygll

® Benign tumor: remains localized at its origin.
Baay adilse (o) Jai 5T g3all o Jlusdll (ole 850801 Lgaal Gl
» [t does not have the capacity to infiltrate, invade, or

metastasize to distant sites. oo BT phine o o3 UseasSIF 3lie ol 055 2 il

e bnan bl Caual

® Encapsulation 1s the formation of an enclosing fibrous
capsule that separates most BT from the surrounding host
tissue.

et a3l ¢33l aai cgmn il JLaaill a5k e golh aanll ol ¥
»/Malignant tumors: grow by progressive infiltration,
invasion destruction, and penetration of the surrounding
tissue.

(il slsa) LTI Glapeadl n Laslis n ST oLy ¥ Jlaiond ialsa ands ysanlyall GalaY1 clale agis
» Surgical pathologists carefully examine the margins of
resected tumors to ensure that they are devoid of cancer

cells (clear margins).
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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, infilfrating the surrounding breast substance,



Tumors of The Myometrium

Endometrium

MALIGNANT
(Leiomyosarcoma)

Locally invasive
Metastatic

% demarcated
Rapidly growing with i Poorly differentiated




(4) Metastasis

(sl s )eBasall daal 1 (53 Lay eods¥ 1 apsll o adaie (Y1) Lgilll liyal] yobas a5
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: Lailse 8 LIL &L 630 uaal
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® At one extreme are basal cell carcinoma of the skin & most primary tumors

CNS that are highly invasive in their primary sites of origin but

- ] SLEISY 8y o8 ol (] I_”SJLachwdlmlanlmﬂlﬁijI»yPYI&_qjkll

t the other extreme are osteogenic sarcomas which usually have
etastasized to the lungs at the time of iitial discovery. Approximately
30% of newly diagnosed patients with solid T.

. ' s lsll S L e b4 }a(mcml Lotally pitipall alall gylayen cLiSily)
(¢xcluding skin squamous & basal cell carcinomas) present w1th clinically

1dent metastases.

An additional 20% have occult (hidden) metastases at the time of
diagnosis.



Metastasis
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» Rule: the more anaplastic & the larger the primary T, the more likely it is to

metastasize
O Sl Lkl aa] Zasks e oLaill T iy

Metastatic T disseminate by one of three pathways:

@) Seeding within body cavities ] Gsgha Jals il (1)
sl (sl o8 ledllg Saally Gandl JEL Ja ole

E.govary, stomach & colon into peritoneal Cavity

(2 ) ymphatic spread gslaelll Laall (2)

ore typical of carcinomas

( Hematogenous spread Ll Lot Ul oSy Taalll ol s¥1 L

favored by sarcomas but carcinomas use it as well.



Epidemiology of Cancer
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Cancer epidemiology can contribute substantially to the
knowledge about the origin of cancer. E.g.

M Sl il pn g

» (Cigarette smoking is associated with lung cancer.

® [ncidence of colon cancer & dietary patterns in the Western
& Africa led to the recognition that dietary fat & fiber
coptent 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

Lung and
bronchus

Colon and
rectum

Urinary
bladder

Melanoma
of the skin

Non-Hodgkin
lymphoma
Kidney

Oral cavity
Leukemia
Pancreas

All other sites

Prostate 33%

13%

10%

6%

5%

4%

3%
3%
3%
2%
18%

31%
12%

11%

6%
4%

4%

3%
3%
2%
2%

22%

carcinoma in situ (except urinary bladder)

Breast

Lung and
bronchus

Colon and
rectum

Uterine corpus

Non-Hodgkin
lymphoma

Melanoma
of the skin

Ovary
Thyroid
Pancreas

Urinary
bladder

All other sites

* Excluding basal and squamous cell skin 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%

%

Lung and
bronchus

Breast

Colon and
rectum

Pancreas
Ovary
Leukemia
Uterine corpus

Non-Hodgkin
lymphoma

Brain

Multiple
myeloma

All other sites
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Geographic & Environmental
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= Environmental factors are the predominant determinant of the most

common sporadic cancers compared to heritable factors.

. ] GBI il e ]
* The evidence 1s as fOlLQW :m;,lsunw wasall o caall Gl | Y1 €Slg T8 5a¥ Baaill Sl b Lacas 5ol oI 5l ye

® Jiver carcinoma is relatively infrequent in the USA but is the most
lethal cancer among many African native populations.
AL 5eY Baatll Sl o e LU b &l 7 e s slailly Jlall gul Baadl Glhayes e Lidsll June 5 eelli oya uSall ol
» (Conveftsely, the death rate for stomach carcinoma in men & women is

es higher in Japan than in the USA.

» Nearly all the evidence indicates that these geographic differences

e environmental rather than genetic in origin.

. Lokl JeaSIl ety opaaill Silaally Guedll dasl el (o8 Loy 85 Ll Byl sll
nvironmental carcinogens are many, including sunlight, cigarette

smoking, & chronic alcohol consumption.
(5l ol ol s il sl 133 ) o) Cppmsial AS,8 s SN il € Landl i pally ol i Ol b
Cervical cancer 1s 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

® [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:
pseanll Skl oS
(1) Accumulation of somatic mutations, 2ol o Lo o (T

(2) Decline in immune competence that accompanies aging.

el Gy Layyals Lole 15 cpa ST Liw Haal JULYT o Slidsll guan oo 710 (ol oyl puad ] o

abiall LogSLeally slialll alys¥ 1y oopemall Lqéjlmf alyl
® (Jancer causes about 10% of all deaths among children younger
an 15 years, most notably leukemia, tumors of the central

nervous system, lymphomas, and bone sarcomas.
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® Most cancers are sporadic, but some are familial. Predisposition to hereditary
cancers may be:

(25 RB. p53. BRCA 1 .U Jasas sde) layeall il clisall o 8y = cyasgn poacun

® Autosomal dominant = mutation in cancer suppressor genes (e.g. RB, p53,
BRCA 1 & 2) a5l yanll E3han] o Ly e = damam ni

Autosomal recessive =2 inherited defects in DNA repair

ailohas DabEll bty e SLadl o [Sin o8y o8 Lty TS (455 o (o) lilall e lilla el Juas

Bamilial cancers tend to be bilateral and arise earlier in life than their sporadic
ounterparts.

Ll Tyl bbby ¢ 153 guan 0 710 (o) 75 a SIST Gul

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



Neoplasia .
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EtioJogy of Cancer
Carcinogenesis: the molecular basis of cancer




Etiology of Cancer: Carcinogenic
Agents

»  Radiation Carcinogens

Srhgells o3 ill syl (ol (S8 Loo il AL (SLa¥) (a8 (o Jily c¥pailly laseasag SIl puaS (5bl £ Laky ) asuny
® Jonizing radiation causes chromosome breakage, translocations, and, less

frequently, point mutations, leading to genetic damage and carcinogenesis.
alall (o6 LUl a1 g duiadyadl WA s o] 65 S ol Bencadiad] G5i AatY] 55
®» UV rays lead to mutations giving rise to squamous cell carcinomas and

melanomas of the skin.

| LALasSH glgd)
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®» (Chemical carcinogens have highly reactive electrophile groups that
directly damage DNA, leading to mutations and eventually cancer. e.g.,
alkylating agents used for chemotherapy.




g Sl Gagadll a1 0065

Viral and Microbial Oncogenesis

Oncogenic Viruses
il Gagill Gaaall byl ologg sl

(I) RNA Oncogenic Viruses:

®» Human T-Cell Leukemia Virus Type 1 (HTLV-1) = T-cell leukemia/

lymphoma,

(1) Gasill Laandl Lol peall & loug il
Oncogenic Viruses:

mll 3 Gl = (HPV) 5utall gonlall yslf sl

man Papillomavirus (HPV) = cervical cancer.
S0 Dogliadll ail] ey 00 Lasliadll al] Slayes = EBV 5L ulii] g
= /Epstein Barr Virus EBV = Burkitt lymphoma, Hodgkin's lymphoma
(Ll w01 ey Gl s (o G3ill Gaaadl HOV) 5 e = BHBY 5T Gl g

Hepatitis B Virus HBV = hepatocellular carcinoma (HCV an RNA
virus causes HCC too).

HTLV-1 RNA Virus T-cell leukemia / lymphoma
4_1_)_\454 (89-<
o o R HPV DNA Virus Cervical cancer
Bacterial Infection
6-""” Saall C)U°)"-“ - 4-‘-"}"” 4:&9”" (834< EBV DNA Virus Burkitt & Hodgkin's lymphoma

. pylori infection = gastric adenocarcinoma ., ..uch  owecven

rgliaalll saill GUayes LG WIAIL anll Glayes = (HTLV-1) 1 & gill oo oyl QAGH WIAIL adll Glayis Gug s

ol CgSsall Cagiadl! £ dglell solall 55 (Target Cancer) a byl ol sl

Hepatocellular carcinoma (HCC)

H. pylori Bacteria (L45) Gastric adenocarcinoma



Pathologic
Condition

Asbestosis, silicosis

Associated
Neoplasm(s)

Mesothelioma, lung
carcinoma

Table 6.3 Chronic Inflammatory States and Cancer

Etiologic Agent

Asbestos fibers, silica
particles

Inflammatory bowel
disease

Colorectal carcinoma

Lichen sclerosis

Vulvar squamous cell
carcinoma

Pancreatitis

Pancreatic carcinoma

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

Chronic cholecystitis

Gallbladder cancer

Bile acids, bacteria,
gallbladder stones

Reflux esophagitis,
Barrett esophagus

Esophageal
carcinoma

Gastric acid

Sjogren syndrome,
Hashimoto
thyroiditis

MALT lymphoma

Opisthorchis,
cholangitis

Cholangiocarcinoma,
colon carcinoma

Liver flukes
(Opisthorchis
viverrini)

Gastritis/ulcers

Gastric
adenocarcinoma,
MALT lymphoma

Helicobacter pylori

Hepatitis

Hepatocellular
carcinoma

Hepatitis B and/or C
virus

Osteomyelitis

Carcinoma in
draining sinuses

Bacterial infection

Chronic cervicitis

Cervical carcinoma

Human
papillomavirus

Chronic cystitis

Bladder carcinoma

Schistosomiasis

Adapted from Tlisty TD, Coussens LM: Tumor stroma and regulation of cancer
development, Ann Rev Pathol Mech Dis 1:119, 2006.




How do Tumors Develop?

il on ST ) il Suamy gasil] anl] g 5 s 06 O o
® There has to be a change to DNA, alterations occur to more than
one gene.

slow 5 WAL gai (o8 5l (o Sl oy O
®» The change must cause an alteration 1n cell growth and
behavior.

Ll BT ] S Ol B st sl 055 o1 o
change must be non-lethal and be passed onto daughter

Lolall Gl slall fo Sli 4 eSS NE

enetic alterations occur in 4 Classes of Normal Regulatory Genes
. soill Tl s apsll cpall A
Growth-promoting proto-oncogene

saill Ladill o ysll Taill o lisall 2

Growth-inhibiting tumor suppressor 2enes oy i oo 5
Apoptosis-regulating genes sl anall Dbl olisn 4

DNA repair genes
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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

Acquisition of Further genetic

Initiating mutation o e e 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.
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Molecular Basis of Cancer

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

\/

Clonal expansion

Anglogenesis

>

-

Escape from immunity

ot

Tumor progression

v

Malignant neoplasm

Additional mutations

Invasion and

- metastasis

© Flsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com



Molecular Basis of Cancer: hallmarks
of cancer

i sliall i syl 3y e dole Layghi oL8T palladll sis Lyl WA aline CuiSSlpeall B3ia0 Slodle e

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

sl olLa) (o8 (31l Lasy | . Self-sufficiency in
o Self-sufficiency in growth signals. growth signals
obhla) gaill olladl Guulisall ase Evading Insensitivity to

O Ins Sithlty tO grOWth_ln lbltory apoptosis anti-growth signals
sygnals.

@] LAl Ega m capgl

Evasion of apoptosis.
Defects in DNA repair.

N o .dem J.:.c 2.4 I‘)S" \_;Lals.oj .
Limitless replicative potential.

Sasill paeall Dol (o8 isue

Sustained angiogenesis.
” : 2Bl 3l sl 5,00

Ability to invade and metastasize.
Alaadl oo ol g8 jskill aysll AT age yuis e Sustained Tissue invasion

angiogenesis and metastasis

*Another important change for tumor
development is the escape from
Immunity.

Limitless replicative
potential

© Elsevier. Kumar et al: Robbins Baslc Pathology 8e - www.studentconsult.com



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

AT SIS 3505 Lgilatie o3I Linalal) Tuglall @ lisadl Y ilayead Sisall
Proto-Oncogenes: normal cellular genes whose products
promote Cell proliferation. o s s 2w sl sl o i s ol s
Oncogenes: mutant version of proto-oncogenes that function

autonomously without the requirement for normal growth-
pron::;hg signals. Dominant alleles

Protéin products of oncogenes: ool Jalse 1
Growth factors. sl Jole 23lEinn 2
Growth factor receptors. Bl Jugad Sl s 3
Signal transducing proteins. a5l fell Sl 4
. Nuclear transcription proteins (CDKS) txondl sle 3usinl] l5Llly oo 5
Cyclins and cyclin-dependent kinases (CDKs).




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

(IPp53 oSas 5 LA (o3 algadd @3S AL 5a
@ikl pall e (ki G5k e dagi

p33 Gene: Guardian of the Genome =+~ 5 s

® n53 1s the central monitor of stress in the cell and
can be activated by anoxia, inappropriate oncogene
signaling, or DNA damage. e T

» Activated p53 controls the expression and éE”fiﬁfy

of genes involved 1n cell cycle arrest, DNA repair,

ellular senescence, and a p]Qoptosm
Ml@l 8 it o) $aall Laaall il guse

DNA damage leads to activation of p53 by
PhOSPhOIylation. e o i tasal sie, p58 ol gl paenll i Dot s 13

= [t DNA damage cannot be repaired, pS3 induces
cellular senescence or apoptosis.

= Of human tumors, 70% have 2 homozygous Toss
of p53.
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The role of p53 in maintaining the
integrity of the genome

. . SLall Jolsall -5l aaadl daculgs gandall p53 it
. Activation of normal p53 by DNA- = . 00 i e s e s

damaging agents or by hypoxia leads Ml

to cell cycle arrest in Gl and L

. . . .

induction of DNA repatr.

) 3558 o Lonth gouiall LA 5553l Gaanll malill £3LaY ) maces (955 normal) T@‘?ﬁ::a
L Successful repair of DNA allows cells
: ¢

to proceed with the cell cycle; s oA G s
Lasnasfl 5l manll WAL oo L) P53 et oy sl pdanll Dla] Jutid 1] v DN -
Q If DNA repair fails, p53 triggers _T;mnzp,?i,,zm?,% e | 2,
/ either agoyptosis oI senescence. g 7 5 -k

N P cbibal ol L ) Bl cokommcn | | S | [ St
g Bnd oI UL Gl 3 St Lao ( Lilys AN Lplal) ;;ls::j‘(é?m Laasll (apopm) | mstations
n cells with loss or mutations of pJ53, |

DNA damage does not induce cell
cycle arrest or DNA repair, and (&

N 0 Nomnal cells Apoptosis Malignant tumor
genetically damaged cells proliferate, T
giving rise eventually to malignant
neoplasms.




Deficiency of

ROS growth factors
Radiation and survival
e gl Chemicals signals

gyl WA cise

3) Evasion of
Apoptosis T

sk
Overexpression = | p53 response

of MDM2 l  J
. Activation of
MDM2 encodes an BAX/BAK < BIM and

inhibitor of p53. sl Jans s lidigll 0 s s other sensors
O3 e BAX/BAK I aiaiy JalS BCL-2 |7
N e BCL-XL =i
Cs~ é—‘-“-‘gg‘-“—‘“—.‘ﬁ eLyyaisSeil | MCL-1
Liles oo ag Sl Mitochondria
Cytochrome ¢ *« APAF-1

l ] £ Gy bag Jass JAP o lisig
|IAP ———] Caspase 9 5! "J' el JJ‘ Glhyul!
Slidey o0 @Al o8 Tl g
BIM Jio jleiiwdl Olyigyn of p53 response Jl jasiy 1 Slaaiil ey by agsig IAP
e . ol o Sa . e «Jaall 550 (Caspases) 5Ll
9 BAX :Cgal) @lwluwgylwulwlom;i: 2 l Sl o il oo i
’ . BuaYl

N Apoptosis e

A 08 oo 1byaigSeinall jlax S wgdl Josy BAX/BAK podi 3

23] I (Cytochrome €) sw pa)Seiumw (oww O89) Z9»> Fig. 6.25 Intrinsic pathway of apoptosis and major mechanisms used by

o TR - - " " tumor cells to evade cell death. (1) Loss of p53, either through mutation or
ghdll Oloy i) ol - g | Jo
il APAF-1 Gforn o psSoie wn 4 through antagonism by MDM2. (2) Reduced egress of cytochrome ¢ from

3JL’“”lS o (Caspaseﬁ9) SIS 8L°‘:"‘“°‘” o= lizpals mitochondria as a result of upregulation of anti-apoptotic factors such as
(Apoptosis) lolaj o ueaiy dudsl euag pedi GJlg (Caspase 3) BCL2, BCL-XL, and MCL-1. IAP, Inhibitor of apoptosis.
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(4) Limitless Replicative Potential
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® [n 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.

cralio yd U Lehanits 2% §gsill anall oolal &llus llans Gad Ll Leal (311 WAL 4
Aol | ¥ 1y Jiledl Slasusag S 5hEinl ane 1] (od] St Los B yeninll &l yaaslidl] Unsalsy

lIs that have disabled checkpoints, DNA repair pathways
inappropriately activated by shortened telomeres, leading
t0 massive chromosomal instability and mitotic crisis.

Tumor cells reactivate telomerase, thus staving off mitotic
catastrophe and achieving immortality. sl b Lyl (ol s
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\Metaphase
=

Dicentric _—
Inactive telomerase Shortened telomeres chromosomes / \\ /\ Anaphase

COT T D

1 e p—
i _— Bridge-fusion- é A
Multiple breakage cycle t‘:‘:mj
(50-70) W
cell divisions \ /
NHEJ
. pathway
53 Checkpoint New double-
P activation stranded breaks
—Telomerase Telomerase reactivation
> Mitotic
diaaall catastrophe

AR RN
ST

CANCER

Senescent cell

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



(5) Development of Sustained
Angiogenesis

o lsall o Ll UMA oo b oSl g gaill J L ygud 2y dygonll ueg¥
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® Vascularization of tumors 1s essential for their
growth and 1s controlled by the balance between
angiogenic and anti-angiogenic factors that are
ced by tumor and stromal cells.

poxia triggers angio%enesis through the actions
Hypoxia —inducible factor 1(HIF1a) which

in turn activates vascular endothelial growth factor

VEGF TSI ol e el ¥ YA G Epodl] Tues¥ (3455 (o] Yyl (5
wilegll giladl gaill Jole ity y9m @31 (HIF1Q) 1 diaioad| Jolalf
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(6) Ability to invasion and
metastasis

Slobaa @yl (o8 Sany cendll ool J 85uall Lavall dacal 558 le 8,03l
The ability to invade tissues, a hallmark of
malignancy, occurs in four steps:

® Joosening of cell-cell contacts,

® degoradation of ECM,

® jttachment to novel ECM components,
and migration of tumor cells.

BEILall o JLasy | slea Caudas,

(Jlwcsll (o3 (gsinll 8,lu) olisSay laill
swaall

(Dsilayead| LA 5,2



Invasion and Metastasis

o las¥! Baall Lingloadl Slasadl oya Laa STy 301

Invasion and metastasis are biologic hallmarks of malignant

fumors.
Iy ol yedls dagiyll Lalyall gl ol 3] W

* They are the major cause of cancer-related morbidity and
mortality.
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understanding of the origin of metastasis 1s of major
importance for the management of cancer patients and the
development of effective therapies to prevent tumor spread.

J:tls‘).e 4_\.|.49.J| A |
he metastatic cascade: Two phases ENCENECHRRTNEINY
= Invasion of Extracellular Matrix. Al il oo e liES T

Vascular Dissemination and Homing of Tumor cells.
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Invasion and Metastasis

Steps of Invasion

ey Lo Glatll s
« loss of tumor cell-cell adhesion.

. . ‘L\JA.” ijuﬁmg6xml¢w|‘9ﬁ'
- 1nvasion of basement membrane and

extracellular matrix
gl aliy|

adherence to the matrix.
gl Aall slay 33y 5158)

« secretion of proteolytic enzymes.
Al i a
+ cell locomotion.
Lglaallly Lgandl Lueg¥l g32

- 1nvasion of blood vessels and lymphatics.

- circulating tumor cells. 1

- formation of tumor clumps. pastl SIS g5 e
Gl Lty -
adhesion to endothelium.

Gacldll cLaall 31aa -

- penetration of basement membrane.
il (e basement membrane L= endothelial cell (e i o2 O S3al) tumor 5 J o)

VEenerd

tion for Je= Lua others endothelial cell 3=l 5 adhesive molecule )& L= clamps

Lf‘)éh‘

Laci & 1S5 (ily 5 other basement membrane



 Tumor cells detach from each other
because of reduced adhesiveness.
ol il Balll) 505 Gl i Los (il Oriasll Wall lea3iyl 5o g
d Then secrete proteolytic enzymes
(proteases), degrading the basement
mbrane.

UL ECM J sany¥ 1 sauill Llis ECM 532 by

Invasion of the ECM requires active
enzymatic degradation of the ECM
components.

5 Byl 5 il LA a5
O Tumor cell intravasation and
migration follow.

Ll yead | Lo Taalgs e ¥ 5, Ldall i) Gallall 532

Invasion of epithelial basement
membranes by tumor cells

Bl (Al s pandl Lpdiay e Lol pead| LA Jumis

© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com



Vascular Dissemination and

Homing of Tumor Cells ..o

® Once 1n the circulation, tumor cells are particularly
vulnerable to destruction by innate and adaptive
immune defenses.

S o ol (o] Loyl LAT) o sl 5,000l 2o

® Within the circulation, tumor cells tend to aggregate

1IN ¢IUmps. tumoremboli Lol BLaTIY T UM oo 3S,all e LI Ciiss s(Arrest) aigilly )iy
.(Endothelium) 4 soall die M Lilaull
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»/Arrest and extravasation of tumor emboT“adt*ﬂ Kt
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. 1) lisall S a el o i S Ll

gl sl Slas i) g (Caedd) el




Mechanism of Organ

Tro ism Lo ) (ggia o8 bty SLaSIY T poa BBV b o ds¥ ) Bolaall ¥
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= Because the first step in extravasation is adhesion to the
endothelium, tumor cells may have adhesion molecules
whose ligands are expressed preferentially on the

endothelial cells of the target organ. s i ot s, oot v s

: : Sl e lgal dalyll se il
e endothelial cells of the vascular beds of various tissues dﬁL PIR

expression of ligands for adhesion molecules.

| o
Ccr 1N cir
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»/Chemokines have a very important role in determining the
target tissues for metastasis.
oo saill ol oy cpuatll Sla 13) Alel) ud TR Ualude yé Bagioal | aeal¥ 565 08 oY GAay o
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® [n 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.




TREATMENT

= Surgery.
» Radiotherapy.
® Chemotherapy.

Immunotherapy.

®» Hormone-therapy.
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What Are The Final Complications Of
Malighancy (Causes Of Death)

il olgaly)

®» Pneumonia. .
®» (Cachexia. sl Ll
iy,

® Renal failure.

» Blceding. !

» Severe anemia, thrombocytopenia. 53 s
. BlasS oo 5T 85000 o lye Y
Infections. e

gale Sl s Lolac LAl

» Hypercoagulability.

® Pain 1s more of a devastating symptom than a
complication...has to be controlled.



