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Genes and the Development of the Human Embryo…..
                                  Development of Human Cancer…..


                   Development of New Stem Cell Technologies…..
I. Gene and Genome Review:

A. GENOME - sum total of all the genetic information for any biologic organism  -  DNA or RNA



         may be expressed as the number of nucleotides pairs

                                 Human genome (DNA) -  ~3,000,000,000 nucleotide pairs - ~20,000 coding genes

  

         HIV genome      (RNA) -    9,749 nts  -  9 genes
B. GENES:  2 types    
                  1.  CODING DNA GENE: Sequence of DNA responsible for the production of a specific

           Protein molecule

                       a) Traditionally, protein production was thought to be a two-step process: transcription & 


    translation (see (h) below for third step)

           b)  Humans have ~20,000 coding genes which contain ~30% of our DNA (29% of DNA 


     contained within a coding gene is non-coding!)

           c)  Process:  DNA> mRNA(transcript)> protein(translation)
                       d)  Transcription takes place in the nucleus; translation at the ribosome

                       f)  ~20,000 coding genes make over 100,000 proteins


           g)  ~1% of genome is coding DNA;  99% of genome is non-coding DNA   

           h)  Terminology:

             
       1.  EXONS:  Coding DNA units within coding genes  -  EXONS will be EXpressed



       2.
INTRONS:  Non-Coding DNA units within coding genes  -  must be removed



       3.
RNA PROCESSING:  Remove the INTRONS and SPLICE the EXONS together







    Occurs at Transcript in the nucleus - Spliceosome



       4.
ALTERNATIVE SPLICING:  Put EXONS together in alternative ways



       5.  PROTEIN PRODUCTION:  3 steps - Transcription

                                                                                                     Processing & Alternative Splicing








                 Translation

2.  NON-CODING DNA GENE: Sequence of DNA responsible for the production of a specific
     microRNA molecule

a) Two step process:  transcription & shRNA Dicing

b) Non-Coding DNA Gene – responsible for the production of RNA (not protein)                       

c) Human genes identified to date:  -  ~20,000 Coding / ~500 Non-coding
d) Terminology:

1.  EXOME:       sum total of all the Exon DNA   -    ~1% of the genome

2.  INTROME:  sum total of all the Intron DNA  -  ~29% of the genome

3.  CODING DNA GENES:  ~30% of the genome
4.  'Junk' DNA / Dark Matter of the Genome / non-coding genes:  70% of the genome
e)  Non-coding genes are transcribed into:

                             sncRNAs  -  small non-coding RNAs



                          20 - 200 nts  =  rRNA, tRNA, microRNA



     lncRNAs  -  long non-coding RNAs





  200-1000's of nts  -  lincRNAs  



     lincRNA -  long intergenic non-coding RNAs  (control Embryonic Stem Cells!)


C.  GENE CONTROL/ REGULATION  - Our 20,000+ genes must be turned ON and OFF at the
                 correct time and location 24:7 for our bodies to work properly. (‘On’ errors are caused by 
  
     oncogenes, ‘off’ errors are caused by tumor suppressor genes, both of which result in cancer.)
                 The following are mechanisms are involved in gene control: 

     1.  TRANSCRIPTION FACTORS:   affect the Promoter



a)  Activator  - attaches to promoter - Positive Gene Control   = ON



b)  Repressor - attaches to promoter - Negative Gene Control = OFF


     2.  microRNA:    =  miRNA  =  miR  -  ~22 nucleotides



a)  Stops the protein production of a Coding DNA gene



b)  Negative Regulators of Coding DNA genes  =  OFF



c)  Controls over 50% of human Coding DNA genes!



d)  miRNA Gene Silencing:




coding gene is turned ON by transcription factor activator at promoter 

 



miRNA attached to the 3' UTR of the transcript





leads to blocking the ribosome and blocking translation = OFF





Non-Coding DNA genes names:  miR-1, miR-2, miR-3…..miR-500





Mutations = ONCOmiRs  -  cause cancer


    3.  EPIGENETICS:


a) Definitions:

 


1)  PHENOTYPE  - observable or testable manifestation of genetic traits.  
    Genotype was thought to be responsible for phenotype but a new set of
    factors have been identified which effect phenotype—epigenetic factors.

2) EPIGENETICS  - (‘epi’ means upon or on top of): Heritable traits passed
    through many rounds of mitosis or perhaps from parent to child, that do not  

    involve changes in the underlying DNA sequence.

           3) Genotype + Epigenotype= Phenotype




Your Genotype is epigenetically modified to become your EpiGenotype





Your Genome is epigenetically modified to become your EpiGenome





Your Epigenome determines your Phenotypes





Human Epigenome  -  special area of genetic studies…..Epigenetics



b)  Chromatin Compaction as an Epigenetic mechanism:

1) Chromatin =   DNA (Genome) + Histone Proteins




    DNA Never Acts Alone  -  always DNA / Histone Complex




2) Gene Control at the Chromatin Level



    Degree of Chromatin Compaction   -  OPEN = 'ON' or CLOSED = 'OFF'



    Chromatin Modifications - 'Epigenetic Marks'


c) Methylation in the control of Chromatin Compaction



1)  Methylation (-CH3) of Cytosine in DNA of Chromatin



2)  Adding methyl groups causes compaction.  This blocks transcription factor 



     accessibility to promoters.






3)  Subtracting methyl groups > Loosely compacted – OPEN / ON 



     provides transcription factor accessibility to promoters



4)  Methylation enzymes:  de novo - initial methylation




     DNMT3  -  DNA Methylase 3




     DNMT1  -  DNA Methylase 1


d)  Acetylation in the control of Chromatin Compaction



      
1)  Acetylation of Histone Proteins of Chromatin loosens compaction


     
2)  Removing acetyl groups causes tighter compaction




3)  HAT    - Histone Acetylase    -  enzyme adds acetyl group to histones




      HDAC - Histone Deacetylase -  enzyme removes acetyls from histones



e)  Genetics v. Epigenetics



1)  Some epigenetic modifications may be environmental




2)  GENOME - Stable & Unchanging   /   EPIGENOME - Fluid & Changeable



3) On / Off Errors can occur in both and both cause cancer

    4.  PROTEIN ACTIVATION and INACTIVATION:  Kinase Enzymes add Phosphate groups to
                     amino acids and this is called Protein Phosphorylation



1) Kinases target three amino acids:  Tyrosine, Serine, Threonine



2) Add phosphate – activate protein




3) Remove phosphate – deactivate protein




4) Protein phosphorylation controls Cell Signal Transduction pathways 

 




5) Cell Signal Transduction pathways are also called Kinase Relays
II.   Genes and the Development of the Human Embryo…..


A.  Intro

           1.  Humans go from fertilization to birth in nine months.   Some milestones:



        a) The human fetus at 49 days (see slide):  the primitive heart has been beating for a


            month and the umbilical cord has been working for a month


        b)  The human fetus at 56 days (see slide):  nearly all of the  220 specialized human 


             somatic cells are present.

2.  Stem Cells  -  Four Types:  

                    a)  Embryonic Stem Cells (ESCs)……………...Natural

        b)  Adult Stem Cells (ASCs)………………..…..Natural


        c)  Cancer Stem Cells (CSCs)…………………..Natural


        d)  Induced Pluripotent Stem Cells (iPSCs)…..Man-Made in the lab

3.  Actually Two More  =  222  -  Germ Line Cells


        a)  egg


        b) sperm

B.  DIFFERENTIATION:  The most amazing process in all of Medicine and Biology!
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      1.  How does it occur?  220 One Way Streets
      2.  Controlled by 220 sets of signals - result in 220 terminally differentiated 
      
                      
           human somatic cells with 220 Sets of Epigenetic Remodeling Marks


         
      3.  Human Embryome Project now underway to find all the 220 sets of signals



C.  CONCEPTION TO BLASTOCYST  

       1.  FERTILIZATION = CONCEPTION 

   a)  Egg (largest human cell)  -  unites with


   b)  Sperm (smallest human cell)


       2.  ZYGOTE = Fertilized egg…..is Totipotent

  a)  Size:  Visible to the naked eye (size = point of a pin) - inside Zona Pellucida coat
     
  b)  Mitosis and apoptosis:



1.  Mitosis is programmed cell birth and produces new cells that are needed  



     (How many cell divisions to make an adult human?   80,000,000,000,000!)


2.  Apoptosis is programmed cell death and eliminates old cells that are not needed



3.  Mitosis and Apoptosis work together to maintain a balance:





Too much Mitosis    - Tumor = Cancer!






Too little Apoptosis - Tumor = Cancer !  

        3.  EMBRYO:



  a)  Cleavage divisions:   The first six mitotic divisions that cleave the embryo into smaller



       and smaller cells while the overall size remains the same - point of a pin


  b)  Two cell embryo can undergo embryo splitting resulting in monozygotic (identical) 

                   twins



  c)  Timing of Cleavage Divisions:  


First mitosis     > two cell embryo at ~36 hours    -  two blastomeres



Second mitosis > four cell embryo at ~42hours    -  four blastomeres


Third mitosis   > eight cell embryo at ~48 hours  -  eight blastomeres
                    4.  BLASTOCYST:  hollow sphere - day 6 (point of a pin) 
Blastocoel = cavity within the blastocyst
Trophectoderm = wall of blastocyst - will form chorion & placenta


ICM   =   Inner Cell Mass (Embryoblast)




 
          

           becomes fetus and amnion - amniotic cavity





                       cluster of ~40 cells = Embryonic Stem Cells (ESC)

D.  STEM CELLS
                     1.  Embryonic Stem Cells (ES)  



WHY EMBRYONIC?  Only found in the early embryo - 10 Day Rule




WHY STEM?  Like in the Plants:  Stem gives rise to all the branches - 220 branches


ICM = EMBRYONIC STEM CELLS:  gives rise to four major branches
         2.  Properties of a stem cell (stemness):


      a)  Self Renewal - grow forever - biologic immortality - telomerase  

      b)  Differentiate - make any of 220 cell types


      c)   Migrate - throughout the embryo  

      d)   DNA damage repair  -  fix potentially lethal DNA damage


 












            ---------------------------------------------------------------------------


      3.  ADULT STEM CELLS                  

                         a)  NOT just found in adults!  They are found in the early embryo, fetus (amniocytes), 


      newborn (umbilical cord), toddler, child, teen, adult

             b)  have “stemness” 


E.  FROM FETUS TO NEWBORN
                  1. WHERE?  Amniotic Cavity

                  2. CHRONOLOGY of fetal development (Part 1):

                         10 days - implantation complete

 21 days - chorionic vesicle - with sprouts / first heart beat & umbilical cord
 28 days - size of a pea

 21-28 days - neuralation - closure spinal tube

      3. (Side step) EMBRYO ORIENTATION (HOX genes): 

         What controls Anterior / Posterior;  Dorsal / Ventral; Proximal / Distal positioning?
         Answer:   HOX Genes 
              a)  experiments:  Fruit Fly mutations of Bithorax,  Antennapedia,  Eyeless

                          b) HOX genes control Transcription Factors that turn on other genes
  c) HOX genes are universal throughout the animal kingdom

  d) Humans have 39 HOX genes
  e) The ID and naming of HOX genes:


      
     HOX A - 11 Genes on Chromosome  #   7
                      

     HOX B - 10 Genes on Chromosome  # 17
                                         HOX C -   9 Genes on Chromosome  # 12
                 HOX D -   9 Genes on Chromosome  #   2
  f) Examples:  HOX C8 - Segments > thoracic vertebrae  -  rib formation


  HOX D13 & A13 - appendages:  fingers, toes, and urogenital bud
                          PAX 6 (Paired Hox) = eyeless > controls formation of the eye


  FOXP2  -  permits manipulation of tongue and ability to speak

     4.  CHRONOLOGY of fetal development (Part 2):

   35 days – fetus has a tail / hand looks like a mitten/ face has formed
   42 days - apoptosis separates fingers / HoxC8 forms 12 thoracic vertebrae

                            Fetus has made amniotic fluid / Pax6 has formed the eyes
   49 days - top of head has closed / brain is forming (100 billion neurons with 100                     
                           Trillion connections).  References: The Physics of Intelligence, Scientific
                           American: July 2011; comprehensive gene map of the brain at 
                           www.brain-map.org
  56 days - three blood vessels in umbilical cord
  At 56 days, all parts are present and the remainder of the time is spent growing and

  maturing.

    5.  UMBILICAL CORD AND PLACENTA
    6.  NEW TOOL in embryology research:  GFP - Green Fluorescent Protein…..

a) bacterial

b) transgenic 
c) used as a cell tracer
III. Genes and the Development of Human Cancer……

A.  CANCER STATISTICS:

      
        1.  1 in 3 Americans will deal with cancer
                    2.  ANNUAL STATISTICS FOR FEMALES:

                        a) Estimated New Cases:  Breast 26%, Lung 14%, Colon 10%, Uterine 6%,  NH  

                            Lymphoma 4%,  Thyroid 4%, Melanoma 4%
                        b) Estimated Deaths:  Lung 26%, Breast 15%, Colon 9%, Pancreatic 6%, Ovary 6%, NH
                             Lymphoma 3%, Leukemia 3%
       
        3.  ANNUAL STATISTICS FOR MALES:

   
             a) Estimated New Cases:  Prostate 25%, Lung 15%, Colon 10%, Bladder 7%, NH
                             Lymphoma,  5%, Melanoma 5%, Kidney 4%
                         b) Estimated Deaths:  Lung 31%, Prostate 10% Colon 8%, Pancreatic 6%, Liver 4%
                              Leukemia 4%, Esophageal 4%

B.  CANCER BASIC CONCEPTS:
        
       1.  ALL CANCERS DEVELOP FROM A SINGLE CELL

             a)  Transformation:  conversion of a normal somatic cell to an abnormal cancer cell


             b)  Founder Cell:  the abnormal transformed somatic cell with malignant potential


                 (Gives rise to the Primary Tumor.)
       
       2.  ALL CANCER IS GENETIC BUT MOST IS NOT INHERITED.
      
       3.  TERMINOLOGY:

                         a)  Cancer:  abnormal phenotype caused by genetic errors:  Gene Mutation or



       Chromosome Translocation


             b)  Gene Mutation:  a normal gene mutates to become an oncogene (ONC) or a tumor
                              suppressor gene (TSG). [Also the relatively rare non-coding DNA gene (ONCOmir)]
                         c)  Chromosome Translocation:  two chromosomes exchange parts (This can activate an
                              oncogene.  50% of leukemias are caused by translocations.)

             d)  Genetic and Inherited are NOT the same.  95% are sporadic (not inherited) 


       1.  Inherited: the trait runs through the family, is passed from parent to child via egg
                                    and sperm (germline transmission) and often occurs in consecutive generations in
                                    the family



       2.  Sporadic: an individual inherits normal genes but one normal gene in one somatic
                                    cell (founder cell)  mutates (Somatic Cell Mutation via ONC, TSG or ONCOmir) to
                                    give rise to cancer.  







  e)  Inherited predisposition:  An increased susceptibility to somatic cell mutations.


      
  f)  Germline Mutation:  A gene mutation in the egg or sperm.  It will be passed to

                               successive generations as a dominant trait.   5% of cancers result from germline

                               mutations.



  g) Germline mutations can result in inherited predispositions.
                               Example:  A woman who inherits the BRCA-1 gene has her risk of developing breast

                               cancer rise from 12% to 80%.     

       

      4.  A gene mutation does not cause cancer DIRECTLY!  



The mutated gene directs the production of an abnormal protein. 

       




The Abnormal Protein causes Cancer!  
                                    The Cancer Genome Atlas (TCGA): project whose goal is to find all cancer-causing

                                    gene mutations.

                  5.  2 TYPES OF SOMATIC CELL MUTATIONS:     

     

a) Driver Mutations - drive the tumor formation & metastasis
                                         80% of drivers are oncogenes (ONCs) and are dominant

                                         20% of drivers are tumor suppressor genes (TSGs) and are recessive



b) Passenger Mutations - do not contribute to the tumor or it's spread

                  6.  SURVEILLANCE MECHANISMS:  Humans have surveillance mechanisms that search
                       for and repair damaged DNA in an effort to maintain Genome Stability.  2 types:

                                     a)  S Phase DNA Repair
                                     b)  Interphase DNA Repair  (UV) 

                  7.  REGULATORY MECHANISMS:  
                                     a) Coding DNA Genes are controlled by Transcription Factors acting at Promoter




 b) Non-Coding DNA Genes are controlled by Coding genes with miRNAs acting at
                                          3' UTR




 c)  Epigenetics:  Open & Closed Chromatin via methylation & acetylation


C.  POSSIBLE CAUSES OF CANCER—AND PREVENTION
                    1.   CARCINOGENS ( cancer causing agents):



a)  UV, cigarette smoke (55), dioxins, radiation, asbestos, viruses, bacteria, lead,
                                         et.al. 



b)  Web site:  http://www.cancer.org/Cancer/CancerCauses/OtherCarcinogens
                     2.  AGING:  As the total number of cell mitosis goes up so does the opportunity for

                          error therefore aging results in increased chance for cancer so follow guidelines for

                          getting mammograms, colonoscopy etc. 
                     3.  FAMILY PREDISPOSITIONS:  Check Your Family History and create your own

                          family tree at www.familyhistory.hhs.gov/


D.  CANCER JARGON:
                     1.  Tumor (neoplasm): abnormal mass of cells growing faster than normal - inappropriate 


                           accumulation of cells
         2.  Founder Cell - single transformed mutated cell - will develop into a tumor via clonal
                           Expansion
         3.  Clonal Expansion - all expanding number of cells in the tumor beginning  as 'clones' of 
                                   the Founder
         4.  Primary Tumor  -  abnormal accumulation of cells localized at the site of transformation
                      5.  Metastasis:  cell migration from primary tumor to remote tissues – the process of 
  


                       'seeding' secondary tumors 
   
          6.  Secondary Tumor:  arises from primary tumor cells which metastasize.  Most cancer
                                               deaths  are from secondary tumors
          7.  Malignant:  tumor characterized by uncontrollable growth and invasiveness with possible

                                   metastasis.  
          8.  Benign:  nonmalignant tumor, localized at site of transformation, with no 


 

                    invasion into surrounding tissue and no metastasis.
          9.  Cancer:  malignant somatic cell neoplasms.  ( 220 types of somatic cells can mutate in 


           multiple ways resulting in a myriad of cancers.
        10. Solid Tumor:  cancer cells packed together in a unified mass
                    11. Dispersed Tumor: cancer cells proliferating individually, not packed together - leukemia
        12.  Oncology:  the study of causation, pathogenesis and treatment of cancer
        13. Carcinoma:  cancer in which the founder cell was epithelial.

        14. Sarcoma: cancer in which the founder cell is connective tissue 
        15. Leukemia:  cancer in which the founder cell is a leukocyte
        16. Lymphoma:  cancer in which the founder cell is a lymphocyte
        17. Melanoma: cancer in which the founder cell is a melanocyte (pigment producing cell)
        18. Acute:  cancer that progresses quickly.  Example: Acute Myelogenous Leukemia (AML)  
       19. Chronic: cancer that progresses slowly. Example: Chronic Myelogenous Leukemia (CML)
E.  TUMOR DEVELOPMENT:  The progression from founder cell to malignant tumor usually

      includes a series of mutations over a considerable period of time.  

Illustration


1.  Begin with epithelial cells resting upon a layer of lamina fibers called the basement
                 Membrane.  Below the basement membrane is connective tissue with blood vessels and 


     nerves.

2.  one epithelial cell mutates, activating an ONC or inactivating a TSG - 1st Mutation

     the mutated cell is a 'Founder' cell that can give rise to a tumor 

     it can now proliferate faster than the other cells - leading to Clonal Expansion of the
                 Founder


3.  ~4 years later: Hyperplasia (an abnormal accumulation of cells) is present in the area of
                the Founder.  One of the hyperplastic cells mutates, activates ONC or inactivates TSG,

                and  a 2nd Mutation occurs.  That cell can now proliferate faster than the other cells
                leading to a 2nd Clonal Expansion.

4.  ~4 years later…..Dysplasia - abnormal accumulation of cells  -  pre-cancerous state

     one of the dysplastic cells mutates, activates ONC or inactivates TSG - 3rd Mutation

     That cell can now proliferate faster than the other cells - leading to a 3rd Clonal 



     Expansion

5.  ~4 years later…..Primary Tumor is now present  -  localized -  cancer in situ.
 
     one of the primary tumor cells mutates, activates ONC or inactivates TSG - 4th

     Mutation.  That cell can now proliferate faster than the other cells - leading to a 4th 


     Clonal Expansion.  It is now invasive i.e. cells can now penetrate the basement 



     membrane & invade connective tissue.      

5.  ~4 years later…..Invasive Tumor is now present and one of the invasive tumor cells 


     mutates, activates ONC or inactivates TSG resulting in the  5th Mutation.  


     That cell can now proliferate faster than the other cells - leading to a 5th Clonal 



     Expansion.

     cells can now enter blood vessels of the connective tissue and spread  =   METASTASIS    

7.  ~4 years later…..after 20 years…..5 mutations…..5 clonal expansions…..


    the tumor is now an Invasive, Metastasizing, Life Threatening, Carcinoma (Founder was 

    epithelial cell)

Example
              1.  Colorectal cancer:


a) begin with normal epithelium.  Then




                   …..APC     = TSG   >   Hyperproliferation





       …..COX2  = ONC   >  small adenoma (polyp)





       …..K-RAS = ONC  >  large adenoma (large polyp)





       …..P53       =  TSG  >  invasive large adenoma





       …..18q       = TSG   >  Colon Carcioma     -   15 to 20 years!  



 b) Tumors Evolve - Natural Selection - select for:  mutability,  rapid growth, 








   invasiveness,  metastasis

  2.  Cancer Screening:  Colorectal  /  Breast  /  Cervical  /  Prostate  /  Skin    

http://www.cancer.org/Healthy/FindCancerEarly/CancerScreeningGuidelines/american-cancer-society-guidelines-for-the-early-detection-of-cancer

Exception
                1. In  2 to 3% of malignant tumors, the process is not a gradual process.  Multiple 


                    mutations occur all at one time.  It is called chromothripsis.
                2.  Chromothripsis: ( Chromo = chromosome  /  thripsis - break into small pieces) 
                     A catastrophic process involving very rapid acquisition of multiple genetic 



         mutations…..ONCs & TSGs 
        3.  This catastrophic chromosome breakage is followed by reconnecting the fragments

 into a 'new' rearranged chromosome via our natural interphase repair system

 but with the subsequent loss of some chromosome fragments and genes – TSGs
         4.  Possible causes:  1.  Ionizing Radiation;  2. Telomere Dysfunction;  3.  Aborted Apoptosis            
F.  FOCUS ON THE CELL CYCLE:

            1.  BACKGROUND:

                   a)  The Cell Cycle:  Interphase ( G1,  S Phase, G2)  followed by Mitosis
                   b)   Cell Cycle Check Points: 1. before entering S;  2. before entering Mitosis; and 3.  


              during Mitosis


                   c)  The  Cell Cycle is controlled by CYCLIN  PROTEINS produced by CYCLIN 


             GENES


       d)  There are two “gates” in the cell cycle and cyclin proteins “unlock” these gates.  



             Cyclin D1 + cdk4:  G1 > S Initiation (Unlock Padlock on gate);  Cyclin E + cdk2:     



 G1 > S Transition (G1 / S Gate) - open first gate; Cyclin A   + cdk1:  S Transition   


             (takes cell through S phase);  Cyclin B + cdk2:  G2 / M Transition (G2 /M Gate) - 


              open second gate
             2.  CYCLIN CONTROL:   
                    a)  Researchers ask:  What turns the Cyclin Genes ON at the RIGHT time?

                    b)  Cancer Researchers ask:  What turns the Cyclin Genes ON at the WRONG time?  





  3.  NORMAL CELL DIVISION:
                     a)  Cell receives Mitosis Signal - Cell Signal Transduction System / 2nd Messenger Sys 


              - Mitosis Signal Relay / 1st Message - Mitosis Signal:  PGF = Peptide Growth 


              Factors - picked up by receptor in cell membrane
             
          b) PGF  Activates Signal Receptor in cell membrane which relays 2nd Message to the 


   Nucleus: PGF > Signal Receptor > Receptor Kinase Enzyme > G Protein > RAF 

                           Kinase >MEK Kinase > MAP Kinase >  TF Activator > TF Zinc Fingers > 



               CYCLINS > MITOSIS


          c) Appropriate Mitosis:  10,  9,  8,  7,  6,  5,  4,  3,  2,  1  -  Blast Off into Cell Cycle and 

              Mitosis
                      d)  What Turns on the cyclin genes at the wrong time?  Oncogenes: src,  ras,  sis,  erb,  


    myc,  abl,  Bcl-2

   3.  ONCOGENE (ONC):

                      a)  An  Oncogene makes a  protein that initiates Cell Cycle & Mitosis at the wrong time:

               Cell Signal Transduction System Oncoproteins 


          b) Acts as Dominant Trait, one allele mutates,  ‘Gain of Function’ mutation


          c) May be Carried by and Expressed with RNA Viruses

                      d) Usually NOT Inherited – Sporadic 
                      e) Proto-oncogene (normal gene) is Activated (mutates) to become Oncogene which produces 
              the Oncoprotein


          f) Oncoprotein turns on the cyclin genes at the wrong time = cancer

   4.  CYCLIN ILLUSTRATIONS:

          a)  Normal Function:
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         b) Abnormal Function:

              Oncogenes produce oncoproteins that cause abnormal cell signal transduction.  This sends 

              the mitosis signal at the wrong time, which turns on the Cyclin Genes at the wrong 
       
                          time causing the production of the Cyclin Proteins at the wrong time. 




  Inappropriate Mitosis  =   Tumor!!
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5.  TUMOR SUPPRESSOR GENES (TSG):

a).  A normally functioning TSG makes a Protein that inhibits cell cycle & mitosis

            b)  It is normally Active or Turned ON

c)  When it is INACTIVATED or Turned OFF tumors are no longer suppressed!
d)  Act as Recessive Traits, two HITS,  ‘Loss of Function’

 e)  May be Carried by and Expressed with DNA Viruses

 f)   May be Inherited as a Predisposition

      6.  HOW TSGs WORK: Disease Models


  a)  Retinoblastoma (RB):


           1.  inheritance



                RR normal in most body cells




    Rr  one gene mutated - one HIT




    rr  both genes mutated - two hits  -  Founder Cell



2.  Predisposition (Rr) is inherited as a Dominant Trait.  If all cells in the body are 

                             Rr it takes one mutation to get to rr


     Retinal Cells more susceptible to mutation hits

              b) Lynch Syndrome:  Inherited predisposition to colorectal cancer
              c)  TSGs:  p53 is called the  Guardian of the Genome,  ATM  Monitors Genome 

G.  CANCER THERAPY
        1.  Medication (Cancer Remission  with a Pill?)


    a)  Gleevec (Imatinib Mesylate) has been used to treat:
                           1. Chronic Myelogenous Leukemia (CML) (BCR/ABL)
                          
   2. GastroIntestinal Stromal Tumor (GIST) (KIT)


    b)  How it works:  Gleevec replaces ATP - No phosphorylation to start the relay

       2.  Injection:



      a)  Herceptin is used to treat breast cancers using the HER2 receptor

                              b)  It is a  Monoclonal Antibody that blocks HER2 receptor for mitosis relay thereby

                                    blocking the mitosis relay.
                    3.  Vaccine (Scientific American - October 2011)

     

                               a)  They are being used to treat some cancers including prostate.

                               b)  How they work:  a Pox virus is engineered to deliver RNAi  which is directed at 


             oncotranscript 3'UTR.  This kills cancer cells only

        4.  Searching for Cancer Stem Cells
                                a)  What are they?  CSCs are a small subpopulation of cells found within a Tumor that

                                      have "stemness."  (They are the founder cells!)

                    b)  What is “stemness”?  (A reminder!):  A cell has stemness if it can self-renew,
         

                                      differentiate, migrate and repair DNA.
                                c)  Why search?  These cells drive tumor growth, development, metastasis and    


             recurrence.



        d)  Why do cancers recur?  Chemotherapy and radiation kill most tumor cells but 


             CSCs can repair their own DNA so chemo and radiation only slow them down.  


        e)  Treatments aimed at CSCs: Many are being developed.  One currently in use is 



 Salinomycin which kills Human Epithelial Breast Cancer Stem Cells       

        5.  Searching for Pluripotent Stem Cells 


       a)  What are pluripotent stem cells?  Stem cells that, with the right signals, can make  

                        any cell in the body.  (220 different kinds)

                               b)  Why search?  

                                      1.  Cell  Replacement Therapy:  replace damaged or missing cells




       Type I Diabetes (beta cells);  Parkinson's (dopamine)




  2.  Human Disease Modeling:  study human disease cells in the laboratory so 


                  medications can be developed.  Examples:  ALS (Lou Gehrig’s); Huntington Dx  




 3.  Drug Therapy Screening: screen hundreds of drugs to treat the modeled disease




 4.  Produce Cells for Regenerative Medicine and Tissue Engineering
                                c)  Where are they?  In the fertilized egg for only a few days.  Since they are critical to 
                      

             medical research but difficult to obtain, we should learn how to make them:   


             Induced Pluripotent Stem Cells (iPSCs)  

       6.  Induced Pluripotent Stem Cells (iPSCs)
                                a)  What are they?  Stem cell created in the laboratory by taking differentiated  


             somatic cells and reprogramming them with the appropriate signals.


       b)  What is reprogramming?  Dedifferentiation.  Converting somatic cells back to 


           pluripotent stem cell-like cells.



       c)  How do we reprogram?  Find the signals.



       d)  Has it been done?  Yes:

                                      1.  Shinya Yamanaka  -  Kyoto University in Japan


                   Mouse iPS    -  July 7, 2006 and  Human iPS  -  November 20, 2007
                                          4 signals:  OCT 3/4,  SOX2,  c-MYC,    KLF4  called 'Yamanaka Factors'



  2.  James Thomson – University of Wisconsin




      4 signals:  OCT4,  SOX2,  NANOG,  LIN28  called 'Thomson Factors' 
 

       d) Results:

                                     1.  Researchers can take cells from a skin biopsy and turn them into iPSCs in the 


                  laboratory.

                                     2.  They have directed the differentiation of iPSCs and created spinal motor 




      neurons, pancreatic beta cells and dopamine producing neurons




 3.  They have made new models for Retinitis Pigmentosa;  Macular Degeneration;  



     Huntington Dx;  Progeria; Friedreich's Ataxia;  Long QT Syndrome;  Fragile X;  


     Rett Syndrome;  Parkinson; Schizophrenia;  ALS;  Man-Made RBCs;  




     Hepatocytes;  in vitro sperm production
                                    4.  Reference: Cardiac and Dermal fibroblasts, Cell, August 6, 2010
                                    5.  Report of producing meat in the lab.

                                    6.  Making a human pancreas in a pig?

Here are some College and Career 'Contribution' suggestions:

1.  Go to you favorite Undergraduate college and get your Bachelor's degree.

     

Major in biology, biochemistry, molecular biology, bio-engineering etc.

     

Make sure you satisfy the Pre-Med requirements so you can apply to

     

Medical School if you decide that is the best route for you.

2.  Medical School is four years and the curriculum is very similar at all 

     

medical schools in the US.  The reason for that is that everyone must pass

     

the same national exam after finishing medical school - therefore the

     

schools must cover the subjects.  If you pass that exam the summer after 

     

finishing medical school then you can put M.D. behind your name.

3.  Residency is then 4 - 8 years of specialty training to become a pediatrician,

     

obstetrician, orthopedic surgeon, oncologist, neurosurgeon or whatever

     

specialty you choose.  If you want to pursue a career in Tissue Engineering

     

then you might want to get a residency with Dr. Anthony Atalla at Wake 

     

Forest University.  If you want to use antibodies to stop leukemia caused by

     

cancer stem cells you might want to do your residency in oncology at

     

Stanford University.  Keep your ‘antennae out’ during the four years of 

     

medical school - determine who is doing what you want to pursue for a

     

career - and go do your residency with that person - he or she.

_________________________________________________________________________

2.  For those who are not interested in medical school - they might want to 

     

pursue a career in research and they will go on after their undergrad work 

     

and get their Masters and Ph.D. which may be 4 to 6 more years.


3.  The Ph.D. is usually followed by Post Doctoral studies for 2 - 4 years to

     
   
gain special expertise for the research career you want to follow.  Then

     

you will be ready to job on the faculty at a university to do research and

     

teach.  Others will opt to get a job doing research in industry for biotech companies.

     

Also, some of these people are getting their Ph.D.s in biostatistics or computer science 

     

where they will help with the planning and evaluation of research data being generated.

     

Many major Medical Schools offer a combined M.D. / Ph.D. for a person who may

     

one day be the chairperson of the Department of Molecular Medicine at

     

some medical college

Another option for some will be to get a Masters Degree in Genetic Counseling.

     

There are almost 30 places in the US where those programs are available. 

     

For more information - check out this web site:  




http://www.nsgc.org/iframepages/GeneticCounselingTrainingPrograms/tabid/336/Default.aspx

Also Remember…..many people who will make a major contribution to all these

     

careers in the future will do so by majoring in Education in college and

     

will be preparing young people in the future…..as your Teachers have been

     

preparing you!!


California Teenager finds new cancer treatment: Angela Zhang -  Monta Vista High School  -  Cupertino, CA      


http://www.cbsnews.com/8301-18563_162-57358994/calif-hs-student-devises-possible-cancer-
cure/?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+CBSNewsPCAnswe
r+(PC+Answer
%3A+CBSNews.com)
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