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7.012 Immunology

The immune system has many
different “arms”. We will focus

on its humoral and cellular arms.

Hmtnpcmk

Granuios,
'“‘*""“" nwnumrpﬂq«wmr

progenitor
g o
Fosinophil i
pregenitar

- .|/ Bal

Dendritic cell

Plateleis

humoral = soluble substances
cellular = cellular responses

uegulu yocyte
L@ -
lryshmrru

Loythroid progenitar

Figure -2
©.2007 W.H Freeman and Company

We' re now going to focus on a branch of the hematopoietic system.

ol @ |
o [Fedg
j I . : Teolt | I
2 e |
co+@- ! |
multipotent multipatent ]
i gl [t
(HSC)
hematopoietic L.
stem cell @
;
i
sMaL T COMMITTED PROGENITORS T osmennaTD aus

What is the immune system

3 . Reported
responsible for? For example: ™%

} vaccine

per 100,000
These infectious diseases PR
have been largely eradicated
in industrialized countries
through large-scale
vaccination programs. Reporisd
. R . cases
Vaccination gives per 100,000
k . . population
long-term immunity against
these infectious agents.
. e 0
It mimics natural exposures to w0 190
vanous-mf.ectlo.us agents. —— o
Immunity implies that the = > ?3;5,
immune system has a long-  eepuiation g
term memory of such i
exposure. S g
1960 1965 1970 1975 1980 1985 1890
Figure 1-33 Immunobiology, 6/e. (© Garland Science 2005)
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(vacca in Latin = cow)

We can be infected by a
of infectious agents.
Here are some virus
particles -- virions --

of the sort that we
encountered earlier this

semester. The capsid
proteins of the virus

particles represent

antigens that may be
recognized as foreign
proteins by the immune
system. Their “foreignness”
is critical to this recognition.
Since proteins are composed
of amino-acids, this
foreignness must derive from
amino-acid sequences that are
present in the virus but not in
the infected host.

Edward Jenner and the first vaccination. e

Jenner decided to try out a theory he had developed. A young boy
called James Phipps would be his guinea pig. He took some pus
from cowpox blisters found on the hand of a milkmaid called Sarah.
She had milked a cow called Blossom and had developed the tell-tale

blisters. Jenner ‘injected’ some of the pus inta Iames

AN

This process he repeated over a number INQUIRY

of days gradually increasing the amount of | o 0 "o e
pus he put into the boy. He then deliberately “ :

. s . . THE VARIOLE VACCIN.E,
injected Phipps with A DISEASE
smallpox. James became ill but after a few | ESrEE NG E s
days made a full recovery - CLOUCESTERSHIRE.

with no side effects. It seemed that Jenner THE COW POX,

had made a brilliant discovery.

 BY EDWARD JENNELR, M.D. ERS. &e.

P LT
——————

e ol

PRINTAR, 10K THA ALTROE,

Ve Sharaos Lews: v s SEVRH 118

ARB a4 NE BAW, AVREAIG ASSE, AYE SFELAL 455 EiealUT, SEAST OTRMIL
L2
A

In the serum (non-cellular component of blood) of an immune
individual, soluble antibody molecules bind to the surface of virus
particles and prevent them from adsorbing to the surface of target cells.

Viruses are only
one of a series
of infectious
agents that can
infect us -- also
bacteria, fungi,

mycobacteria virus particles P
an):i larger ’ (virions) A—
parasites such as \

various types of :

worms. }‘ A

(A) antibody prevents viral adsorpticn



Logarithmic
ordinate

The serum that contains these virus-binding antibodies
is termed an antiserum and the virus particles, once bound by
antibody molecules, are said to be neutralized by the antiserum.

_ : “neutralizing”
virus particles ———antibody molecules
(virions) \ /

{A) antibody prevents viral adsorption

Antiserum titer, i.e., antibody concentration
(note log scale on ordinate) can vary enormously over
many orders of magnitude.

10t

Amount of antibody or T cells
(arbitrary units)
2

Days

First exposure Interval Second exposure to antigen |
to antigen (perhaps
years)

Assume for a moment that the infectious agent is SV40
and that the titers of SV40-neutralizing antibodies
in an individual’ s serum are being measured.

Macrophage

; —Bacterium
covered with
IgG antibody

Antibodies can also allow
the elimination of bacteria
by macrophages, which
recognize antibody-coated
bacteria and internalize
them via the process of
phagocytosis (a process
that is topologically identical
to endocytosis.).

(lgG is a kind of antibody.) l.e.,
the macrophage recognizes an
engulfs an antibody-coated
bacterium.

These graphs indicate that the 2nd time that an individual is
exposed to SV40, s/he will produce far higher titers of anti-viral
antibodies than the 1st time, and do so more rapidly.

ol (R B mr

L2 e
g5 .
£ 102 8
E S
i3
5
2
&

4 4

Days \ Days
First exposure Interval Second exposure to " antigen |
to antigen (perhaps
years)

This means: (1) that the individual’ s immune system has a long-term
memory of this earlier exposure; and (2) that associated with this memory
is a heightened ability to respond effectively to the infectious agent. .



How can we measure antibody titer? To begin, we measure viral
titer: e.g., when SV40 infects a permissive host cell (which allows it to replicate),

it creates a cytopathic effect (i.e., cell killing) and after 2 days cells die.

Figure 3.10b

The Biology of Cancer (© Garland Science 2007)

One can take a solution of virus particles (a “virus stock) and
dilute it in ten-fold increments to determine the virus titer.

a. too many 10-fold dilutions - no plaques;

b. too few 10-fold dilutions -- too many plaques to count)
c. At an intermediate dilution, get a small but reasonable
no. of plaques to count, e.g., 10 to 30 per Petri dish.

Each one of these

plaques has been created
by the virus particles that
are progeny of a singe initial infecting particle

cell monolayer

How can one measure the concentration of “live” (biologically
active) virus particles in a fluid?

If a virus has a cytopathic effect on cells, can introduce a solution
of virus particles onto a monolayer
of susceptible cells, and look for
plaques -- holes in the monolayer
where cells have been killed by

the linfecting virus particle and

its immediate progeny descendants.

Each one of these plaues has been created

by the virus particles that are descendants of a
single initial infecting virus particle -- the viral
infection then spreads centrifugally from the
initially infected cell, eroding a larger and =

larger plaque in monolayer. - i S

(-

cell monolayer

Therefore, with a given solution of virus particles
(a “virus stock”) in hand, you can

1. Calculate a dilution of the virus stock that gives
(for example) 100 plaques per Petri dish.

2. Now mix this diluted virus stock with various
concentrations of serum from a patient in order to
gauge the concentration of virus-neutralizing
antibodies in the serum (l.e., take the serum and
dilute it with various amounts of a buffer before mixing
with the virus stock.)




Figure out a dilution of the virus stock that gives Figure out a dilution of the virus stock that gives

(for example) 100 plaques per Petri dish. {for example) 100 plaques per Petr dish.
Now mix this diluted virus stock with various i g e i gy
concentrations of serum from patients A, B and C (6.9.. you can tako he serum from a patiant and diklo
(2.9., you can take the serum from a patient and dilute 100 | :'“ U::: Silonts witia biflerielo Aciding 1o dltded
2 It to various extents wilh a buffer betore adding it to diluted
100 W 5
o T g0
22] -
T § Serum C
s 80 [ a 60 - Serum B
= E] Sarum A
§ Serum C By py
B E
T 60 Serum
&~ Serum A
2 F
40 [
Log,, of increasing conc. of added serum —»
(inverse of extent of dilution of serum before mixing w. virus)
2 +«——dilute serum by successive factors of 10
Serum A is able to inactivate 50% of virus infectivity at a low concentration
L | 1 while a far higher concentration of serum is required of Serum C is required
Log,, of increasing conc. of added serum —— for 50% inactivation of virus infectivity.
(inverse of extent of dilution of serum before mixing w. virus)
Fare 0 8 Gt of 1 v stock e g These concentrations of neutralizing antibodies in a patient’ s serum
ww;mm.wmm d . . h f b d
Full infectivity [ ke e et e e (prepared at various times) can therefore be measured over many
\Tm ol orders of magnitude.
5 Look at when
= 80 &
: b e 50% of the BHEA
g“’ P it : Virus is
w0f neutralized )
=2
:§ =]
-
0r =
EE
NO infectiv.ity i Log,, of increasing conc. of added serum —s B "E
{mverse ol extent of didsnon af senum heore miting w. virus) c~—
. =
<«—dilute serum by successive factors of 10 g
<
In the red curve, we needed to add ~100 times more Days Days
serum than in the black curve in order to get 50% First exposure Interval  Second exposureto  -antigen
. e ' to antj ha
reduction in infectivity/plaque number. e (perhaps

years)

Therefore, the concentration of anti-viral neutralizing
activity is 100x higher in the red serum than in the
black serum.

Antibodies in the serum = anti-viral-neutralizing activity



I . What is present in the serum? Here is the structure of the most common antibody
Imagine now that this individual becomes infected with molecules in the serum. Space-filling model of an antibody molecule.

a second. unrelated viral agent (e.g., polio) years later.

Light chains

._.
LU

(arbitrary units)
2

Amount of antibody

. : . — Antigen-
1% CE i o e R T N binding site igen-bindi
Days \ Days g ey P_xtntlgen binding
: . Site
First exposure Interval Second exposure to first antigen (hlue) chains
to antigen (SV40) (perh;ips first exposure to second antige! (red) —*What actually is an “3migen"‘?
years

Note that previous exposure to SV40 has no effect on the
response of the immune system to the second infectious agent
years later. Hence, the response is specific to each agent.

What are antibody molecules?
Heterotetramers -- 2 heavy + 2 light chains

(a)

Terms/concepts:
An antigen is an entity that provokes an immune response.
An antigenic protein contains multiple epitopes, each being an

Disulfide bonds

oligopeptide that can be recognized and bound by an antibody molecule.

The circled areas are Since each protein molecule contains multiple oligopeptides, it may contain multiple
responsible for recognizing epitopes and be recognized by multiple antibody molecules. In real life, however,
and binding antigens only a minority of randomly chosen oligopeptides are antigenic, i.e. provoke

the formation of an antibody against them.



This kinase molecule carries dozens of potential epitopeso ;
on its surface,each one of which might in principle function as an

antigen to provoke an immune response. In fact, as we will see,
oligopeptides from inside the protein can also, in principle, be antigens.

What are antibody molecules? This antibody molecule

is a heterotetramer, composed of two identical
“heavy” (H) chains and two identical “light” (L)

me@ Antigen- Anhigend
chains i e Anfigesc

What are antibody molecules? This antibody molecule is a
heterotetramer, composed of two identical “heavy” (H) chains and two

identical “light” (L) chains

Another
dimension
of

comslexity

Variable
regions

eg.,a

protein

on the surface
of the virion

What are antibody molecules?

e.g.,a
protein

on the surface
of the virion
Or, more
Precisely, an
oligopeptide
sequence
Bound by
The antibody

Constant
regions

e.g.,a
protein
on the surface

of the virion




Note that each antigen-binding
domain is formed cooperatively
Axis of by heavy and light chain segments.
symmetry
Antigen- | Antigenic i’
i determinantg.-

Variable regions
@

V:miabl{l: region
of heavy chain

C C

Note that the antibody molecule is bivalent,
i.e.. has two antigen-binding domains (which are identical to one another),

The serum of an individual contains millions of distinct
antibody molecules, each with its own antigen-binding
domain.

Conversely, the constant
regions of the depicted
antibodies are all identical

The serum of an individual contains millions of distinct
antibody molecules, each with its own antigen-binding

domain. Each antibody species is present in millions/ billions of
molecular copies in the serum.

Each antibody molecule (=“species”)
has its own variable

region (and therefore can

recognize its own specific antigen).

The serum of an individual contains millions of distinct
antibody molecules, each with its own antigen-binding

domain. Each antibody species is present in millions/ billions of
molecular copies in the serum.

Each antibody molecule (“species”)
has its own variable

region (and therefore can

recognize its own specific antigen).



: Yet another depiction of the antigen-combining sites of antibody molecules (below)
Various

antigens

. Variable
Regions

(V}; = variable

domain of the

— heavy chain’ V)=

pocket groove surface variable domain of

light chain)
Figure 24-35. Molecular Biology of the Cell, 4th Edition.

Each variable region recognizes its own particular antigen

An example of an antigen-antibody complex cuon
Ras

protein
(antigen)

/

HCDR1 HCDR3 HCDR2

i

Antigen-binding
domains of (Various types of
antibody molecule non-covalent (B) effector B cell (plasma cell) L]
interactions between the These are the cells4fi the blood that crank out antibodies
protein enable specific Note their extensive endoplasmic reticulum (ER) for processing proteins destined for secretion.
Courtesy of T. Rabbitts recognition) Secreting proteins is essentially all these plasma cells do.




Does one plasma cell make
multiple kinds of antibodies, OR
does each plasma cell make

its own specific, specialized
antibody?

(B) effector B cell (plasma cell) L]

These are the cells4f the blood that crank out antibodies
Note their extensive endoplasmic reticulum (ER) for processing proteins destined for secretion.
Secreting proteins is essentially all these plasma cells do.

Does one plasma cell make multiple kinds of antibodies, or does
each plasma cell make its own specific, specialized antibody?

Does one plasma cell make multiple kinds of antibodies, or does
each plasma cell make its own specific, specialized antibody?

normal

| heterogeneous
| mixture of Abs

homogeneous
species

multiple
myloma

normal
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R ki A \ ]! | mixture of Abs
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Remen
All the

cancerous

Tumors are monoclonal, ie.,
All the cancer cells in a tumor are the lineal
descendants of a single founder cell.

. monccional lg
{hapdia)

|

Patients with a malignancy

of plasma cells (=multiple
myeloma )make one
predominant antibody

Human tumors are
Monoclo&al growths

Plasma/serum of patient

w. myeloma, a tumor of

antibody-producing cells
(= plasma cells)

descen billions of myeloma cells,
all descended from the same
common ancestral cell
that became malignant

. In these tumors, there are ]

Patients with a malignancy
of plasma cells (=multiple
myeloma )make one
predominant antibody

Conclusion: Since all the cells
in a tumor are ~identical, and
since they are all making the
same antibody species, each
normal plasma cell makes only
one antibody

Normal heterogeneous
spectrum of antibody
molecules

— monoclenal g
(M-spike)

- -

Myeloma:

| Many plasma cells are

z making thc same antibody
molecute




This cell remain
quiescent

Population of
specific B cells

This figure tells us 4 things:

(1)the B cells are
precursors of the antibody-secreting
plasma cells; (2) each B cell makes

its own species of antibody; (3) the

B cells can display this antibody on
their surface; (4) binding of
antigen (top of figure) provokes~
clonal expansion of a B cell

Antibody-producing

ceu’\

This cell begins
proliferating

These cells remain

Preferential expansion
of a single clonal
population

Plasma cells

A —v‘r"’?”ﬁ-a“r

~—Antibodies

T

The normal behavior of the
B-cell compartment

Population of
specific B cells

B cells become
plasma cells

Antibody-producing
cells~.

These cells remain
uiescent

The normal behavior of the
B-cell compartment

Population of

specific B cells

B cells become
plasma cells

Antibody-producing

cell

# Antigenic
determina

ST ad

These cells remain

/ulescent

RALT S

‘The normal behavior of the

B-cell compartment

One by-product of this
clonal expansion is the
formation of long-lived
memory cells, which

“remember” the encounter

with the provoking antigen/

Plasma cells
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~~—Mntibodies
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One by-product of this
clonal expansion is the

i formation of long-lived

! memory cells, which

| “remember” the encounter
' with the provoking antigen/

These memory

n

/

cells are
responsible for
the long-term
immunity we
encountered
earlier.

First exposure
to antigen




Human tumors are
Monoclo&al growths
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normal behavior

Plasma/serum of patient

w. myeloma, a tumor of

antibody-producing cells
(= plasma cells)

&8,
plasma —*
cells

WRRG

Conclusion: Since all the cells
in a tumor are ~identical, and
since they are all making the
same antibody species, each
normal plasma cell makes only
one antibody

The normal behavior of the
“B-cell” compartment from which
rhe plasma cells arise ¢

Population of
specific B cells

Normal heterogeneous
spectrum of antibody
molecules

I
0\

Myeloma:

‘molecule.

® Antigenic
/ determinant
X

ié

£ ) antibody species

Each of these

B-cells (immediate precursors
of plasma cells) is capable

of making its own

Antibody-producing
cells~..__

FENN

P

~—Antibodies

Plasma cells

Memory cells

3¢ A, 4y B-cells are atype of

v lymphocyte

— monocional Ig

o wme

‘Many plasma cells are
- making the same antibod

e Antigenic pr—
/ determinant %’ME Ew

S ]

N

Population of
specific B cells

Therefore, in a myeloma
the descendants of the cell
that makes the green
antibody proliferate
uncontrollably, while the
other B cells remain

é\;f normal. Soon the mixture
of antibodies in the serum
is dictated by the
descendants of the green-
antibody-producing cell

try, T Ac

\Antibodies

The normal behavior of the ul =
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rhe plasma cells arise ¢

Population of
specific B cells
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\ |
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| Each of these

B-cells is cap
of making its
antibody spec

Let’ s look what happens
when the immune system
is confronted/provoked by

an antigen
Antibody-producing N\
cells-._ Y X

- ’/“‘}j{“ A4
=9 \Q} @
.\-‘Ii?L'J'li'.:I':\' uei;r_w

-ﬁ-_ﬁ\ A X P A, 4 B-cellsareatype of

~—Antibodies e lymphocyte

=
Plasma cells



.6 Antigenic

§ determinant In myeloma,the preferential

. i expansion of a single clonal
Population of B-cells is driven
by mutant genes carried by the
tumor cells, i.e., oncogenes,
rather than being driven by
antigen exposure.

Population of C
specilic B cells

Plasma cells

-ﬁ-ﬂ\—ﬂrﬁk AT, A

Shtibodiss.  TH



L0 /s~
2 (oﬁe) L, 1

W\ﬂ QQKZJW)

L‘D"l ﬂffmﬁf b;m& (/{,[/
(nfloly 1 antie,

L (awes pfadu&fl'ﬂ %

\(mm\dqm[ oy
Muelod ¢l eats ands of polthali
OGJLSQQ'M qun Cmﬁ(’ﬂ c{aﬁwieg a%}jg a 0} “‘%

9 vt pR MM@M@L

Lc‘ludt@nit?ﬂfllj 0/127 g ’Ceﬂﬁ
| /rmfhum‘%e Moy

LMWt bl b make aabiboly ve
5 M A 7 JFF T (lom( 0¥ hangor

L\/OMJF A pt//@ vawdoml Pppuh%n



PM.]L@)(\ (is OIL%Q mpjf ;d@

Tompe G gl gt foteg
L Gy OMLO an dieaye

o fat Jolownce

4Ty 4 it e of gecos & 2,
@/ O t,/l ({@f tjﬂlhf " (th//Q

{ 1
'HOV: 1 ‘_C/,a//ﬁ
I P“”ﬂ%z‘ il {sion

fo o o oo G V@%/’ ,
ZE Mﬂf/ zz’W ¢ ]21@ Yere Q&Jﬂ té@j;%
Y12 plaw

L

A;@ ¢ /0 44/]07/&[/,9@ ﬁZ(
Wlﬁ//aj;%?

("“5 lectves, a9 had 4 {Gn’wp



3
5 ]O /aLQ auh Ay'b/jm% (Q/Z A q m',c/awg//

Mok o fud $ on b mader B by
mc mﬁ/@)" /

tﬁ@ MWMML

(on hut ﬁ@m ol -/ Coloy what /ﬁ@gfféf

That M Wil of Gl a )

/O[H (lls ae Ty W’W‘C@é i&nﬁw/
My o of M- om)libﬂo}

\'_'_'—‘—-\

(2 oo ({0441 Wlﬂ/r Iod(p
biJe T grem (;)(Q
Unﬂlb (el 1Lo al Jwﬁ%

P(oj[\% MWL Qf/:y@ Bfeays‘lL (a’nw Cdﬁ
D(ctﬂm(/ﬁlwplb (e (@%




CQ ” 5€(u[’c@ @(?P]@/ O OXp1 pstpd l,/z Wﬁ@#&
\N/ l{w} (o

W[ ]Dféé/ﬁm r\

Mo dis e immie. gt e h o ol
o raty Qoo vikdhe egons

O W e @ge of Ova}wﬂm M W dés@%
hie deelged glibolley for guchy
. IR opeed A, agials {o/nd\/y farelates Dyt
B\Jsf \ool\ i h{; ﬁmﬁm [)Lé an qﬂﬂbd}/
bt bod 4ot 4 T

Vb v b 3 ks /1
— 1\l on keuvr CM/]

1030y,
Voviahl do%a  Congnl haala



Ut of stk i D/\/ﬂrc
Ny il reed milioss of gees o ay bl

bt ol fy 200

Biton detipes
No = we ke anﬂgefg 5 57%@1{2@%‘
O oy eqon o DN
lows She Iyt 4 s
/L(/{O u/ﬁ / ﬁimwfﬂg
Cach prson [0 9)2@hﬁz Jff i
gl w| o loade Sl /
e ML o Secetary p%vﬁ/
50 (i éeﬁewm gt 0/L 7N C@N



b
@[ocag))(\u, C\/w\(cg |
j}ﬁ Lgh Ao fhat fd t\%

@V/ﬁv 400, (@(Mom Lt
(andorly ‘(Jb(% éegwrpf

&@f@f@j n‘}?mcﬁ 5@3“973

U\ sugett €t of D stpert
g 10 x20%E =600 ikt (s
gt Wx § =20

b ey wd W (k00 <L,2 - 10¢

B\Ml@l{‘ b Pdl/s of gt
Lodn  Shaaskic L

@E iy ho ootk B coll piodees 4 it
(nk bﬂf

({d W (n S7610m



C\)‘lr\t({ﬂ M]L g‘”“é tf\m CMA? ae [0/1,‘/% A \J/(AC

. UMt ¢ QW"WW’}W/ Jeldlion
2, hid 6(0]2(,@

O—h‘ﬂ/ pm(@gé@g %‘“‘F Qﬂd %ﬁﬁW (}libﬁ/ﬁj{(‘(l{/ﬁﬁ/\

O/Q u}mlt Wn /hde@ good i 69&7

s mL Jvm,ﬂl[ﬂq ol dv%zﬁ/
Ure (Odm Con bt el of
fon clypss o Loy

gﬁ 10% d% [h)/mv@
EnZlne Ji/@& # dﬁgew\ ¢id

MU]lenILc "

{oses on uibinbil ity cfomum

maley ot mufw o bl

Can C(‘QOVE, dlibahes That bind v

W adiger



@ lod w1t b e oo guo
% poldey < s (00
0% (it
T&(z I/ - fﬂm s

Tartugn basling sl
Mt hoe gl gl /g
Al Mﬁ& 4 dft t g
Con Yo b il of dhor oot ¢ e

Igm qn ol dord o a flitgr

ﬂ\/ DT recombhd
LCOmyfID/‘LaI \ﬁuts\mry,

1[‘/56{ 1° &, 6/$/ ¢ 0 [36(/”"5



V\mL {9 M 50 ]\L(,Q/
Lwll@& s Gullthing

deld. ok Uity DIVR-
(e oli)
(a b sle VAR
VMl@ Tgﬁ
%WQ an%@(\ ézljm\ :
\ML (L& W‘h\()ﬁa /e@qnz%ifzﬂ JOM\@
Yoan \OO/jr(w\nﬂ 6 seueid (st
Bf} (WI‘L ol ‘UC /9& @f{lbﬁzx MO/@wl( f/ﬂf;
I
M s Bl lim bk iy e 7

et b feahoad b sficp

%M znﬁﬂnq,“{ Mg q C@H gwﬁ(@ ( QC@fo/\

Tia Hr (n Soide. (15 o Py it CLW\%I
Chospn & Ny




0

Liw\ ?[/ %M‘(M

(M cousm T \f/‘(smﬁ(y
(( O(ane 1[0 (7
}( Mo> MEMY W Copte  pgnd Q6
LCMD%{\(/@
59 L\/M\L *}0 BJ}MIMQ ﬁo&c BC@”& alg@/
Yo bk Toleae

b (QCOQM\LGQ @%/mn—se[@

e

auh g JEE pfﬂmlf@
OP $ttior ~ badou 7%7[‘3[/7 (el iy (nﬁﬁ}wlﬁj

ol ban Lills -0 etk ol dMhonlen |
o0y Wl e @

M{’&M Mle 1y Grepze




0

Whie Wl s gt albls €an o
Lombilca|
ﬁwz \NI LY%TL %@“d\‘”ﬂ
LW\\(( hﬂ‘{ f?) Ui {o//nu[({
T@l gmd, ML Aﬂ\mg %/Mspa/?l@([ ‘VLKMS ﬂa[mfﬂ/fy

Z__W_‘{Q/\ ch‘dtz o gw‘P

WK e (0 g’W‘L?@ Slwe 5{442@64
Mb & Erdim

Due lis 0 9 bl fo st
e (oes G fwf)



RESEARCH METHOD

Myeloma cell
culture

How to make a monoclonal antibody
(MoADb) Overview: g

a. A mouse that has been immunized with a certain

How to make a monoclonal antibody
(MoAb) Overview:

a. A mouse that has been immunized with a certain

antigen contains a variety of antibody
molecules that have been produced against

that antigen, i.e., are reactive with that antigen.

In addition to these antigen-specific
antibodies, the serum of a mouse contains
millions of others unrelated antibody
molecules.

A monoclonal antibody is a solution of
antibody molecules that are all identical to ong
another and therefore all recognize the same
epitope of the same antigen. (This contrasts
with the serum of a mouse, which contains a
vast array of antibodies above).

antigen contains a variety of antibody molecules
that have been produced against that antigen, i.e.,

are reactive with that antigen.

In addition to these antigen-specific antibodies, the
serum of a mouse contains millions of others
unrelated antibody molecules.

A monoclonal antibody is an solution of antibody
molecules that are all identical to one another and

therefore all recognize the same epitope of the same

antigen. (This contrasts with the serum of a mouse
that contains a variety of antibodies above).

The various B-cell clones that have expanded
in response to the antigen stimulation will be
represented by B-cell populations in the

RESEARCH METHOD 1

B
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Myeloma cells

a

l Hybeidoma

N
spleen. i%L _‘5%‘ ‘@; f@

—
-

|
Y

é %

Reconstructed image of SV40 virus virion (distant relative of HPV) o
e Antigenic
/ determinant

—

Each of these
B-cells is capable pulation of .
of making its own [cific B cells @

antibody species

Let's say that

we want to

make a monoclonal
antibody against
the SV40 virion

Immunize w. SV40

Antibody-producing virions

ce”\
Memc;ry cells

‘1\"% - A A "’7'.4‘ - B-cells are a type of

~—Antibodies lymphocyte

Terms/concepts:

An antigen is an entity that provokes an immune response.

An antigenic protein contains multiple epitopes, each being an

oligopeptide that can be recognized and bound by an antibody molecule.

Since each protein molecule contains multiple oligopeptides, it may contain multiple
epitopes and be recognized by multiple antibody molecules. In real life, however,
only a minority of randomly chosen oligopeptides are antigenic, i.e. provoke

the formation of an antibody against them.

Plasma cells

T—
.—---'-—-_-

e

=
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Population of
specific B cells

As a consequence, get
Large numbers of

B-cells (and derived plasma
Cells that make anti-SV40
Antibodies.

Antibody-producing

Ce"\

e Antigenic

determinant

——

Immunize w. SV40
virions

) Plasma cells : !;’Iemo':y celis
A, N A A, 4 B-cellsarea type of
- """“'\Anﬁbod:g:f‘ Vi lymphocyte

How to make a monoclonal antibody

(MoAD) Overview:

1. Take the B cells from the spleen of a
mouse that has been immunized with a certain
antigen.

2 How to immortalize?

Fuse each B cell with a myeloma cell*, Asa
consequence, each B cell will continue to make
its own antibody, but now the oncogenes from
the myeloma cells will enable the fused hybrid
cell” to proliferate indefinitely.

*this particular myeloma cell does not make its own
antibody molecules. However, it contains oncogenes
that enable the resulting hybrid cell to proliferate
Indefinitely and behave like a myeloma cell.
Therefore, by making this fusion, one creates a
hybrid cell that behaves like a myeloma cell and,

in addition, secretes the antibody of the B-cell to
which it has been fused.

RE*

Antigen

Jlll

~ARCHMETHOD
Myeloma cell
culture

e

B8

2 \/ Do

14

of

As a consequence, get
d g ls

Large numbers of
B-cells (and derived plasma
Cells that make anti-SV40
Antibodies.

Next try to immortalize
each of these B-cells so
that it can grow
indefinitely in culture

Antibody-producing

Ce”\ =

¢ Antigenic
determinant

—

Immunize w. SV40

P

Plasma cells
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~—AAntibodies
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This cell donates the
ability to produce a
specific antibody

How to make a monoclonal antibody

(MoAb) Overview:

L. Take the B cells fom the spleen of'a
mouse that has been immunized with a certain
antigen,

2 Fuse cach B cell with a myelomi cell®. As a
consequence, each B cell will continue to make
its own antibody, but now the pncogenes from
the mygloma cells will enable the fused hybrid
cellf to proliferate indefinitely.

*his particular myeloma cell does not make its own
antibady molecules. However, it cantains opgpgenes
that enable the resulting hybrid cell to proliferate
Indefinitely and behave like a myeloma cell.
Therefore by making this fusion, one creates a
hybrid cell that behaves like a mygloma cell and,

In addition, seeretes the antibody of the B-cell to

t I;'Iemo'ry celJls
e B-cells are a type of
lymphocyte

This cell donates the
ability of a cell to
indefinitely like a
nyeloma cell.

which it has been fused.

A hybridoma is a fused cell arising from a myeloma cell and a B-cell



This experiment will yield thousands of hybridoma cells, each
hybrid cell arising from the fusion of a single myeloma cell
(from a myeloma cell line) with a distinct B-cell prepared from the
spleen of an SV40-immunized mose.. Since each B-cell in the
spleen is likely to make a distinct antibody, each of these

hybridomas will make a distinct antibody This cell donates the
ability of a cell to

Tms cell donates the indefinitely like a
abnhl:y to prloducc a nysloma cell.
specific antibody Myeloma cell

culture

29

Myeloma cells

| Hybridoma
Y

£.g

!

How to make a monoclonal antibody
(MoAb) Overview:

1. Take the B cells from the spleen of a =
mouse that has been immunized with a certain @\& O’/
antigen. @r Q

2 Fuse each B cell with a myeloma cell*. Asa e \/&mm
consequence, each B cell will continue to make

its own antibody, but now the oncogenes from 1 Hybeidoraa
the myeloma cells will enable the fused hybrid

cell? to proliferate indefinitely. ’”_?@

3. Place each of these hybridoma cells in a }
microwell, and then screen all the wells for those

few that produce an antibody of interest. Y j@; .

4. Isolatg the cells from a well producing .’:}‘:&";‘*‘\4 ¥ s %4
afag LG Hand its cells to £ w TP A

\se cells and thus | For example, screen each

|| that recognizes | of the wells for the presence of
antibody molecules that can

: recognize & precipitate the

: its own untibody | antigenic protein that was used
" |in the initial immunization.

o NI L ¥ 2 i
& yona cen is Cied @ nyonaoma

How to make a monoclonal antibody
(MoAb) Overview:

© ®

Normal Tor B cell Cancerous Tor B cell
(dies after 7-10 {grows continuously

days In culture) In culture)

Polyethylene glycol

Nucleus
of normal
lymphocyte

Nucleus of
cancer call

Heterokaryon

Random chromosomal loss

~

=

Hybridoma

(expresses some normal B-cell or T-call genes but
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For example, screen each of the wells for the presence of
antibody molecules that can recognize & precipitate the
antigenic protein that was used in the initial immunization.
(Let’ s say that when there is an antibody that recognizes the
antigen of interest, the well turns red. Retrieve the cells from
this well, expand them in culture, and determine that they all
make the same MoAb, which reacts with the antigen of
interes




Here, therapeutic MoAbs have been made that recognize a cell-surface receptor that
is overexpressed in breast cancer cells or lung cancer cells. In the case of br. Ca
Herceptin can reduce or prevent recurrence (relapse) of certain breast cancers.

For example, a monolayer of epithelial cells has been stained here with
two monoclonal antibodies (MoAbs), one coupled to a blue dye,
the other to a green dye. The blue MoAb recognizes a cell-to-cell

. . . ¥ - T~
adhesion protein, the green MoAb recognizes a cytoskeletal protein. -
cetuximab trastuzumab pertuzumab
(Erbitux) (Herceptin) (Omnitarg)

Figure 1.14b The Blology of Cancer (© Garland Science 2007)

How to make a monoclonal antibody
(MoAb) Overview:

1. Take the B cells from the spleen of a
mouse that has been immunized with a certain
antigen.

2 Fuse each B cell with a myeloma cell*. As a
consequence. cach B cell will continue to make
its own antibody, but now the oncogenes from
the myeloma cells will enable the fused hybrid
cell? to proliferate indefinitely.

3. Place cach of these fused cells in a
microwell, and then sereen all the wells for those
few that produce an antibody of interest.

4. Isolate the cells from a well producing vl 3 y d%3 4, Isolate the cells from a well producing WXL e PR

an antibody of interest and expand its cells to P O g an antibody of interest and expand its cells to pN R TN
make unlimited numbers of these cells and thus i g @ @ make unlimited numbers of these cells and thus @ @ @ @
unlimited amounts of antibody molecules that they bk 32 S 2 unlimited amounts of antibody molecules that b L

secrete and that recognizes the antigen/protein
of interest.

v .‘%: “ @
Clenal

HER1
(EGF-R)

Figure 15.38b The Biology of Cancer (@ Garland Science 2007)

How to make a monoclonal antibody
(MoAb) Overview:

I.  Take the B cells from the splecn of a
mouse that has been immunized with a certain
antigen,

2 Fuse cach B cell with a myeloma cell®. Asa
consequence, cach B cell will continue to make
its own antibody, but now the oncogenes from
the myeloma cells will enable the fused hybrid
cell” to proliferate indefinitely.

3. Place cach of these fused cells in a
microwell, and then screen all the wells for those
few that produce an antibody of interest.

recognize
the antigen/protein of interest.
This solution of antibody molecules, all identical to one
another, will be termed a “monoclonal
antibody”.
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variable regions
(antigen-binding sites)

A major conceptual problem:

If each of the subpopulations
of B cells in the immune
system makes its own specific
antibody molecule (each
having its own variable
region),, and there are
thousands, even millions of
distinct subpopulations of B
cells in the immune system,
how does the immune
system as a whole know
how to make so many
distinct variable

regions?

consant rgion
(effector function)

Figure 1-16 Immunobioclogy, 6/e. {C Garland Science 2005)

The left and right arms both have antigen-binding
domains. Hence the antibody molecule is “bi-valent”, l.e.
it can bind two antigen molecules simultaneously.

Antigen-binding domains

(Padlan, EA, Mol Immunol 31 : 169 - 217, 1994)

The structure of an antibody molecule

.. variable domains

Recall that the antibody
molecule

is a tetramer; each half
(left half and right half)
is a heterodimer of a
light chain (L) and a
heavy chain (H).

constant domains

(Padlan, EA. Mol fmmunol 31 : 169 - 217, 1994)

There are gene segments in the cellular genome that encode the sequences
found in the antigen-combining “variable” domains of antibody molecules.
Each variable domain is composed of three subdomains, termed V, D, and J.

The V (variable), D (diversity), and J (junctional) gene segments encode the diverse

antigen-binding surface.

(You may ask how a “varlable” domain can contain/include a variable sub-domain. This dumb
& confusing nomenclature is a historical artifact and we're stuck with it.)

— Yariable domaips— R

constant dom

(Padlan, EA. Mol Immunol 31 : 169 - 217, 1994)



Let' s review in some detail the steps needed to make a monoclonal antibody.

a.In the spleen (and bone marrow) of a mouse there are normally millions of B-cell
populations, each B cell having developed the ability to make its own particular
antigen-specific B cell.

menid © © © 866,66 o
Sizsiss ° eAés

In this mouse, many of these B cells are, on occasion, differentiating/maturing into
plasma cells, and the latter are secreting millions of antigen-specific antibodies
into the circulation. ’ ‘

i . ¢

c. Now, we would like to take each one of the B-cells from this very
heterogeneous population and “immortalize” it, i.e., change it so that it
can be propagated in tissue culture, such as a flask or Petri dish.

GABP .5 s5P5 SeRbés
8, ,6805 9 8 suuxs
ém“:‘.é@@ ¢ @ eg -
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To do so, we take a line of myeloma cells that has two characteristics:

i.  The myeloma cells have (for one or another reason) stopped making their
own antibody molecules.

ii. The myeloma cells carry several dominant oncogenes, which can
influence the behavior of the normal B-cells to which they are fused.

So we take myeloma cells and fuse each of them with one of the B-
cells from the repeatedly immuni7ﬁg;’mouse.

3,

fusion b
myeloma The fused cell is called a hybridoma. It continues to make the same
cell antibody as its B-cell parent. In addition, however, it can grow

vigorously in culture and proliferate indefinitely (unlike normal B-cells.)

b. We would like to make a monoclonal antibody that recognizes specifically a
protein of particular interest to us, e.g. this protein -- @

Accordingly, we repeatedly inject this protein into a mouse, which results in the
clonal expansion of the subpopulation of B-cells (and plasma cells) that makes an
antibody recognizing this antibody » Antigenic

This distorts the overall population of plasma and B cells by increasing the represen-
tation of the @ cells in the population.

SBES . 5 1568 P56
B e B STF T
© 6 @éméé@@@ @@é .

d. Imagine now that each one of the cells in this figure is a hybridoma (instead of
the originally drawn collection of B-cells). F

6660 .5 606 96566
64 o ad e%é A mE .'-u' pve
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Put each one of these hybridoma cells (there will be many tens of thousands of them) in a
separate well of a microtiter place (e.g.,. a rectangular plastic tray in which there are 96
wells). Allow the cells in each of these well to multiply and then withdraw the
supernatant fluid (the medium above each group of cells) and assay the fluid from each
one of these wells, attempting to find the well that contains cells making antibody
molecules that react with the antigen of choice -- the antigen @ that was used previously
to repeatedly immunize the mouse in order to expand the number of B-cells making
antibody against this antigen.

Once the well is identified that has the antibody of interest, the cells in this well
can be isolated and their number expanded. This cell population will be monoclonal
(since all the cells in the well will descend from a single ancestral cell that was originally
placed in the well), and all of the antibody molecules in the supernatant medium above
these cells will be_identical to one another, since these antibodies are being made by a
monoclonal population of antibody-secreting cells. Hence, you' ve made a monoclonal
antibodyv!



There are gene segments in the cellular genome that encode the

sequences found in the antigen-combining “variable” domains of

antibody molecules. Each variable domain is composed of three
subdomains, termed V, D, and J.

If each of the subpopulations of B
cells in the immune system makes its
own specific antibody molecule
(each having its own variable
region},, and there are thousands,
even millions of distinct
subpopulations of B cells in the
immune systen,

how does the immune system as a
whole know how to make so many
distinct variable regions?

Are there thousands/millions
of variable region-encoding
genes in the genome? In the
human genome is there a
variable gene segment for each
variable region of each
antibody species present in the
blood plasma?

(Padlan, EA. Mol Immunol 31 : 169 - 217, 1994)

variable regions
(antigen-binding sites)

constant rgion
(effector function)

Figure 1-16 Immunobiclogy, 6/e. (C Garland Science 2005)

variable regions
(antigen-binding sites)

If each subpopulation of B cells in
the immune system makes its own
specific antibody molecule (each
having its own variable region),,
and there are thousands, even
millions of distinct subpopulations of
B cells in the immune system,

how does the immune system as a

whole know how to make SO many
distinct variable regions?

Are there thousands/millions
of variable region-encoding
genes in the genome? Is there
a set of 3 variable gene
segments (V+D+J) for each
variable region in the human
genome?

constantregion
(effector function)

Figure 1-16 Immunobiclogy. 6/e.(€ Garland Science 2005)

If each of the subpopulations of B cells in the
immune system makes its own specific
antibody molecule (cach having its own
variable region),, and there are thousands,
even millions of distinct subpopulations of B
cells in the immune system,

how does the immune system as a whole
know how to make so many distinct variable
regions?

Are there thousands/millions

of variable region-encoding

genes in the genome? Is there a variable gene
for each variable region in the human
genome?

variable regions
(antigen-binding sites)

Has evolution anticipated our
encounters with thousands of
infectious agents by designing
antibody-encoding genes that
can recognize millions of
epitopes??

constan region
(effector function)

Figure 1-16 Immunablolagy, 6/e. (0 Garland Science 2005)



The Actual Structure of the Antibody-encoding Genes!

A light-chain locus
L1 Vi L2 V,2 L V,~30 . d C1 Ja2 Cy2 Jad Cy4

C = constant
H = heavy

k light-chain locus
L1V, 1 L2 v. L3 V3 L Ve~40 Je1-5 Ce

Heavy-chain locus

LiVyl L2 V42 L3 VW3 [ LHVH-QD}

The Actual Structure of the Antibody-encoding Genes
A light-chain locus

k light-chain locus ! g C = constant
L1 Vel 12 V2 3V, 3  LVe~40_  J,1-5 C. H = heavy

Heavy-chain locus

L1Vl L2 Vy2 L3 Vyd [LHV,.,-w]

Figure 4-4 Immunoblology, 6/¢.{© Garland Science 2005)
[There are two alternative light chain loci (k & A) and one heavy chain locus.

' For example, in the case of the Heavy chain locus,, there are

40 alternative V,, segments + 25 alternative D,; segments + 6 alternative J,
segments.

In addition, there is only one C segment (denoted here as C,), which encodes the
constant region of the resulting antibody molecule. “
: (The “L" segments in front of each V,, segment is a standard “leader” seque 7 e

that ensures that the N-terminus of the resulting protein will be able to inserte ‘\ X
the membrane of the rough ER in anticipation of its being secreted.)

V(D)J recombination

 Indispensable for the differentiation of B- and
many T-lymphocytes, which constitute the
adaptive immune system®.

» By recombining a relatively small set of gene
segments, an exponentially greater number of
diverse antigen receptors can be created to
recognize almost any foreign pathogens.

*The adaptive immune system is the arm of the immune system
that can respond to external challenges/stimuli by mounting
some type of antigen-specific response.

Figure 4-4 Immunoblology, 6/u.(© Garland Sclence 2005)
[There are two alternative light chain loci (x & A) and one heavy chain locus.
In the case of the Heavy chain locus, for example, there are

40 alternative V,; segments + 25 alternative Dy; segments + 6 alternative /.. segimanis

These segments can associate combinatorially to make 40x25x6 = 6,000 distinct
combinations.

One of the light chain loci (e.g., k chain) has 40x5 = 200 combinations

Since the antigen-recognizing domain of an antibody molecule is made ¢ « fn,,&w,
variable regions, one from the H and the other from the L chain, this mez

z

therefore, 6,000x200 = 1.2x1 08 distinct domains can be made! N

The V (variable), D (diversity), and J (junctional) gene
segments encode the diverse antigen-binding surface

constant domai

(Padlan, EA. Mol Immunol 31 : 169 - 217, 1994)



There two alternative light chain loci (k & A) and one heavy chain locus are organized
slightly differently. The light chain variable region is encoded by a V and a J segment
fused together in the DNA (through deletion of intermediary DNA sequences). The
heavy chain variable region is encoded by a V,a D, and a J segment fused together (also
through deletion of intermediary DNA sequences).

 Lightchain

DNA

Ep
g ﬁ
¥ E a

Transcriptio

Prima
lumnripHmA
——

Splicing

RNA

=

Protein

Figure 4-2 Immunoblalogy, &/s. (C Garland Sclence 2005)

After the variable region pre-mRNA has been created by transcription of the fused V+J
(or V+D+J) DNA)segments , the process of RNA splicing ensures that the variable region
segment is joined (in the resulting pre-mRNA) with the nearest downstream C region pre-
mRNA segment.

DNA

RNA

Protein

These segments (after fusion)
make one-half of the antigen-

binding site.

These segments (after fusion)
make the other half of the antigen-

binding site.

Gene rearrangement
via deletion of
intervening DNA
segments

Transcs

Splicing to C region
immediately
downstream of
rearranged variable
segment.

Primi

Splicing

Translation

Figure 8- Immuncbiclegy. 8/4. (€ Garland Schence 2003)

DNA

RNA

Protein

Figure 4-2 Immunobiolo gy, 8/a. {C Garland Science 2003)

After the variable region pre-mRNA has been created by transeription of the fused V+J
(or V+D+]) DNA)segments , the process of RNA splicing ensures that the variable region
segment is joined (in the resulting pre-mRNA) with the nearest downstream C region pre-
mRNA segment..

In the light chain locus, this C region segment is cither the « & A -encoding segment. In
the heavy chain locus, this nearest (leftmost in this diagram) C region is initially the “p”
constant chain. However, later on, as the immune response develops, this leftmost p
region may be deleted from the DNA, placing another one of the heavy chain C regions

immediately downstream of the variable region_segment.
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regions of DNA to be joined Development of a
light chain

gene during

5 germ-line DNA

Vi vz

JT1J2J3J4 J5 £
A REARRANGEMENTdevelOpmcm o
BSR.NG B CELL the immune system
DEVELOPMENT
y ¥
Bcell DNA I SR 3 §111)) p— .
v1 vz v3 c Note that the V3 and J3
Jad4ds segments have been chosen
TRANSCRIPTION “randomly” for
5 3 juxtaposition/fusion via
RNA transeript E}E’c deletion of intervening DNA
¥ 3J4J6 segments.
== RNA SPLICING
. 2 light chain
CBRNA 5%%3 TRANSLATION  NH2 COOH
J3 V3l C

J3

Note that upon transcription of the fused V3
and J3 segments the resulting transcript is
spliced to the nearest downstream C segment,
thereby skipping over (deleting) the J4 and J5
segments, which are still present in the DNA.

Figure 24-37. Molecular Biology of the Cell, 4th Edition.

Diversity of antigen-binding sites

Table 1. Diversification of BCRs and TCRs

LElement Immunoglobulin «:f Receptor
H K+A B @
V segments 65 70 52 70
D segments 27 — 2 —
J segments 6 S5k 4\ 13 61
Number of V region combinations 34X 10° 34x10° 58X 10° 58x10°
| Junctional diversity | 3x 107 3% 107 2x 10" 2x 10"

Total diversity '\ 10" 10" 108 10'8

RN

This arises because the fusion of V-D-J (heavy chain) and V-J
(light chain) DNA segments is sloppy, yielding a variety of
fused genes. (Cells that generate an out-of-frame fusion are eliminated.)

Market et al., PLoS Biol. 2003

However, this degree of diversity calculated before is only a
start! Before we calculated 1.2 x 109 distinct regions. (The no.
calculated in this table is 3.4 x 10%.)

Diversity of antigen-binding sites

Table 1. Diversification of BCRs and TCRs

Element Immunoglobulin c:f3 Receptor

H K+A B vt
V segments 65 70 52 70
D segments 27 — 2 —
J segments 6 Sk 4\ 13 61
Number of V region combinations 34X 1 3.4 %X 108 58X 10° 5.8x10°
Junctional diversity 3% 10 3% 107 2x 10" 2x 10"

Total diversity 10" 10 10 10"

/

Two_alternative light chains -- either ¥ or A

Market et al., PLoS Biol. 2003

Diversity of antigen-binding sites

(antibody)  We'll talk about this _{T-cell re eptor)

\ later f
Table 1. Diversification of BCRs and TCRR /
Element Immunoglobulin o Rccc[dor

H K+A B I
V segments 65 70 52 70
D segments 27 — 2 —
J segments 6 5k 4\ 13 61
Number of V region combinations 34X 10° 34X 10° 58X 10° 58X 10°
Junctional diversity 3 X107 3 X107 2x 10" 2x 10"
Total diversity 10 10 10% 10%
L >

Since each antigen-combining site in an a ibody molecule is
formed from one heavy (H) and one light (L) le region,
The total no. of possibilities is the product of these two numbers.

Market et al., PLoS Biol. 2003



Diversity of antigen-binding sites
(antil\aody)
Table 1. Diversification of BCRs and TC}\

Element ]nmmuglnlmlin

H K+ A
V segments 65 70
D segments 27 —
J segments 6 5k 4A
Number of V region combinations 34 X 10 34X 10°
Junctional diversity 3 x 107 3% 107
Total diversity 10 10

In truth, there is an additional source of diversity: There is an enzyme that
operates on the DNA segments encoding the variable regions and that purposely

introduces point mutations into these segments, leading to further diversification.

This enzyme works to deaminate cytosine residues, thereby making them
effectively thymidine residues. (Process termed the creation of

hypervariability".) Market et al., PLoS Biol. 2003

Various antibody classes: The red variable regions may all

be identical and recognize the same antigen. The blue constant
regions differ, allowing these antibody molecules to have
multiple alternative functions.

G - y chain
M - u chain
D - 6 chain
A - o chain
E - € chain

Figure 4-18 6le. (1 2005)

Let’ s return to the constant region of the heavy chain genes. After
V-D-J recombination, these genes look like this.

Class switching
5 VDI Gy
G (o) G
67 LA a mq um;j'_‘:r—— [ 1igM
BNA_
/ Transcription
. + splicing
Antigen-
combining earest downstream
i C-region segment
sequence (here C.).
1!

Initially, following VDJ recombination in a heavy region locus,
when the resulting antigen-combining variable region segment is
transcribed, it becomes joined via RNA splicing to the nearest
constant region segment downstream. This constant region
segment is C,, (constant p), and results in the formation of an IgM
molecule following translation of the resulting spliced mRNA.
w-->M, a-->A, y-->G

Here is the unusual structure of secreted IgM molecules. Note that this
structure allows this assembly to bind simultaneously 10 identical antigen
molecules -- great crosslinking potential!

Pentameric IgM

Figure 4-23 part 1 of 3 Immunobiclogy, 6/e. (© Garland Science 1005)



The differences between these are due
to the incorporation of different heavy
chains; light chains are the same

G - y chain

M - p chain

D - 8 chain

A - o chain

E - ¢ chain

Frasrs $10 bnsmssbicioy G/ 1€ Gavtond bciumcn 35051

The use of fusion of a heavy chain variable segment
(resulting from VDJ recombination) to various constant region

segments reflects the process of class switching (ie.,
switching from making an IgM to making an IgG molecule while
keeping the same variable region segment)

Class switching

s ” DA VOJ G
T L - s - S = = Y
ot ‘

/N'ﬁ - | switch sequence
A G
SE Y
| s '—“E “?;"‘ \
Antigen- | G |
combining | gl TRANSCRIPTION,
aquence | ‘omm RNA PROCESSING,
|HEHEEReE ") Cor - AND TRANSLATION
DNA DELETION BY CUTTING N
AND REJOINING OF DNA Cs ¥
NEAR SWITCH SEQUENCES i
ai‘ce
B Ca VDJ Cu
5_5%1.;“-:5«?%,_.3 I 1gA

Figure 24-41. Molacular Biology of the Cell, 4th Edition.

Before the class switching the antigen-combining site was joined (following RNA
splicing) to a C,, (constant ), segment, yielding an IgM molecule. Afterward, as
the immune response develops, the Cu DNAsegment (as well as other constant
region DNA segments) may be deleted from the genome. Now, in the example
depicted here, the variable(VDJ) region becomes spliced to a C, segment,

vielding an IgA antibodv with the same antigen-binding specificitv.

The first step:

Class switching
Vor Ci G oy G G
ng_m-ﬁ:om.-um:r -
-

VDJ G
1 gm

7
Antigen- A . N )
com;;ining Initially, following VDJ recombination in a heavy region locus,
» | when the resulting antigen- ini i i :
sequence ing antigen-combining variable region segment is

transcribed, it becomes joined via RNA spiicing to the nearest
constant region segment downstream. This constant region
segment is Cu (constant ), and results in the formation of an IgM
molecule following translation of the resulting spliced mRNA.

VDI already rearranged Class switching (H chains): (enabling one

already-developed antigen-combining segment to
become allied with another distinct constant region)

VDJ G
T IgM

A VDJ S Cu G Ce
s:._kmm-m.ﬂ@-u-m -
D é‘ ,I l

switch sequence

Antigen-

' combining

i el TRANSCRIPTION,
RNA PROCESSING,
AND TRANSLATION

DNA DELETION BY CUTTING

AND REJOINING OF DNA

NEAR SWITCH SEQUENCES

VDJ Cu

IgA

Figure 24-41. Molecular Biology of the Cell, 4th Edition.



To review: The immune system has many
different “arms”. We will focus
on its humoral and cellular arms.
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Let's review in some detail the steps needed to make a monoclonal antibody.
a.In the spkeen (and bone marrow).of a mouse there are normally millions of B-cell
populations, each B cell having developed the ability to make its own particular
antigen-specific B cell.

a5

=586 3 ééée@é B
& s ® oaee
5660066

In this mouse, many of these B cells are, on occasion, differentiating/maturing into
plasma cells, and the latter are secreting millions of nntu.cn-spf.ufn. antibodies
into the circulation.

There are at least two reasons why a B-cell or B-cell clone

will be eliminated early in its development:

1. It fails to make (via gene rearrangement) a functional antibody

2. It makes an antibody that reacts with Self, i.e. the body’ s own
native proteins -- the issue of Tolerance (self vs. non-self)

Let’ s review in

In the spleen (and bone marrow) af a mouse or human there are normally millions
of B-cell populations, each B cell having developed the ability to make its own
particular antigen-specific B cell.

@éé@@éé ° sxse

In this mouse, many of these B cells are, on occasion, differentiating/maturing into
plasma cells, and the latter are secreting millions of antigen- specnﬁc antibodies
into the circulation.

Therefore, class-switching allows the immune system to make a number (~8)
of antibody classes, which share in common identical antigen-combining V
regions but have distinct C regions.

lgG

G - y chain
M - p chain
D - 6 chain
A - o chain
E - € chain

IgA1

Figure 4-10 e,




While all having the same variable regions, these various classes of
an antibody, being fused to different constant regions, have
differing functions.

Functional activity

Neutralization +

Opsonization +

Sensitization for
killing by NK cells

Sensitization
of mast cells

Activates complement
system

Figure 9-19 part 1 of 2 Immunobiology, 6/e.(C Garland Science 2005)

FYI: “Opsonization” means coating a particles, such as a bacterium, with antibody
molecules, enabling phagocytes to gobble up the particle. “Mast cells” can recognize an
antibody-coated particle or cell and release toxic compounds in response. “Complement”
is a group of proteins that punches holes in the membranes of antibody-coated cells.

So, to review: Various antibody classes: The red variable regions may all
be identical and recognize the same antigen. The blue constant

regions differ, allowing these antibody molecules to have

multiple alternative functions.

G - y chain
M - u chain
D - 6 chain
A - o chain
E - € chain

Figure 4-18 Immunoblology, 6/e. (€ Garland Science 2005)

While all having the same variable regions, these various versions of an
antibody, being fused to different constant regions, have differing functions.

They' re found in different compartments in the body.

IgE
Transport across epithelium|| + - =
Transport across placenta - - s
camenimsies |- ][ :
Mean serum level (mgmi™) || 1.5 |{| 0.04 9 3 1 05 ||| 21 ||[axt0*

Figure 9-19 part 2 of 2 Immunobiology, 6/e. (€ Garland Science 2005)

FYI: “extravascular” means the portions of tissues outside of the circulatory
system, i.e., outside of blood vessels.

The immune response develops progressively. IgG molecules are transferred via
the placenta during gestation and via milk during breastfeeding. Following
exposure to novel antigens early in life, IgM molecules are initially produced;
however, as the immune system and immune responses develop, these IgM
molecules are progressively changed over to IgG and then IgA responses, etc.

Fraction of adult

transient
level of serum
immunoglobulins k::\r,é f IgM
100 passively el
transferred

maternal IgG

0 - 3 N R —
conception -6 -3 bith3 6 9 1 23 4 5 adult

JL T
years

Figure 11-11 biology, 6/e.(© Garland Sclence 2005)



regions of DNA to be joined
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Figure 24-37. Molecular Biology of the Cell, 4th Edition.
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Figure 6.12 The Biology of Cancer (© Garland Scianc;'m(l?)
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Note that the V3 and J3
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Note that upon transcription of the fused V3
and J3 segments the resulting transcript is
spliced to the nearest downstream C segment,
thereby skipping over (deleting) the J4 and J5
segments, which are still present in the DNA.

After B cells have undergone a
VDIJ & VI recombination, they
display the initial product of
this recombination - a form of
IgM -- on their surface. This
IgM functions much like a
growth factor receptor, Le.,
when it binds its “ligand”, it
becomes activated and sends a
stimulatory signal into the
cytoplasm that stimulates clonal
expansion and leads ultimately
to descendants (plasma cells)
that secrete soluble IgM and,
following class switching, other
?ntlbody types -- e.g., I1gG, IgA,

E etc

This “class switching” helps to explain a puzzle that

was implicit in our earlier depiction of clonal expansion.
If exposure to an “antigenic determinant” provokes
clonal outgrowth, how can a B-cell sense the presence of
an antigen in its surroundings? Answer: The initially
displayed antibody molecule is a cell-surface,

IgM transmembrane protein is initially configured like a
growth factor receptor. (Later on it becomes secreted.)
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This figure tells us 4 things:
(1)the Beells are
precursors of the antibody-secreting
plasma cells: () cach B cell makes
its own specics ofantibody: (3) the
B cels can disphy this antibody on
their surface: (4) binding of

Prefarential expansion.
of a singla clanal
population
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Next problem: How can the immune system monitor the various
compartments in the body to determine whether novel antigens
(and thus foreign infectious agents) have invaded the body and
should be attacked and neutralized?

In the case of certain viruses and bacteria, they may release soluble
protein antigens that can be recognized by the immune system, e.g.,
stimulate the clonal expansion of B-cell clones.

But what if a virus has invaded a cell and is multiplying within the
cell??
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2012 7.012 Recitation 12

Summary of Lectures 19

A neuron receives signals at its dendrites and sends signals down its axon. A synapse occurs wherever
the axon terminus of one neuron meets the dendrite of another neuron (or a muscle cell). At a synapse,
the electrical signal of an action potential is converted to the chemical signal of a neurotransmitter, and
then this is converted back into an electrical signal in the post-synaptic cell. Action potentials are the
characteristic changes in membrane potential that propagate down the length of axons, unidirectionally
at each point on the membrane from the hillock to the terminus. The axons of motor neurons are
coated in a myelin sheath that allows action potentials to travel down axons faster by allowing them to
jump from node to node between patches of insulation.

An action potential begins when a threshold membrane potential is reached at the axon hillock, and
voltage-gated Na+ channels are induced to open. Once Na+ rushes in, the inside of the cell becomes
positive, and this induces the voltage-gated K+ channels to open. Thus K+ rushes out, restoring the
membrane potential back to the Nernst potential for K+. Action potentials do not vary by amplitude;
the maximal membrane potential is always the Nernst potential for Na+. Instead, action potentials
vary in frequency.

Molecules can move across membranes through pumps, channels, and transporters. Integral
membrane proteins like these cross the membrane via transmembrane domains. Pumps are ATPases
that set up the concentration gradients of ions across cell membranes. A membrane potential is only
set up by ions that move freely across the membrane through open channels, creating one side of the
membrane that is more positive. This movement of ions does not dissipate the concentration gradient
because the number of ions that move to generate a membrane potential is very small. Most cell
membranes only contain open K+ channels and thus have a membrane potential of ~70mV, which is
very close to the equilibrium potential for K+.

lons are free to move across the membrane through open ion channels. Two forces act to dictate this
movement — the concentration gradient and the membrane potential. lons move down their
concentration gradients through channels, and ions move towards the side of the membrane that
harbors the opposite charge. The equilibrium potential for an ion is the membrane potential at which
the two opposing forces on the ion are equal.

Questions:
1a) Explain what is meant by the term “resting membrane potential”. Is this resting membrane
potential exclusively present in neurons? Explain.

b) List the distinct protein complexes that are found in the plasma membrane of nerve cells and are
essential in establishing and maintaining the resting membrane potential. For each protein complex
you list, include what ion(s) move through that protein complex and in which direction that ion moves
(into the cell or out of the cell) to maintain the resting membrane potential.

Protein complexes Ion(s) moved Net direction of ion movement



c) Once the resting membrane potential has been established, which protein complex or complexes are
essential to generate an action potential (both the depolarization and repolarization phases). For each
protein complex you list, include what ion(s) move through that protein complex and in which
direction that ion moves (into the cell or out of the cell) to generate an action potential.

Protein complexes Ton(s) moved Net direction of ion movement

d) The compound X alters the action potential by interfering with one of the protein complexes listed
above.

+50mV |
Without compound X

&
B
©
=
4]
g
B N With compound X
E  -50mV
3]
= J

-70mV | =

Time

Which protein complex is most likely affected by this compound? Explain your reasoning.



7.012 Section 14 - 2012
Summary from Lectures 20 & 21

Neurotransmitters, synapses and neuromuscular junctions: A neuron receives signals at its dendrites
and sends signals down its axon. A synapse occurs wherever the axon terminus of one neuron meets the
dendrite of another neuron (or a muscle cell). At a synapse, the electrical signal of an action potential is
converted to the chemical signal of a neurotransmitter, and then this is converted back into an electrical
signal in the post-synaptic cell. This occurs because, when an action potential reaches the axon terminus
of a pre-synaptic cell, voltage-gated Ca++ channels open, and intracellular calcium induces the exocytosis
of neurotransmitters into the synaptic cleft. The exocytosed neurotransmitters then bind to receptors in
the dendrites of the post-synaptic cell. These ligand-gated ion channels are then opened, leading to
changes in membrane potential that are summed at the axon hillock. If the sum of all these changes is
greater than threshold, the post-synaptic neuron will fire an action potential, first at the hillock and then
at each subsequent location down the axon to the axon terminus.

Neuromuscular junctions are synapses where a nerve cell contacts a muscle cell. The neurotransmitter
that is released from the neurons at neuromuscular junctions is Ach (acetylcholine). The release of
enough Ach will trigger the muscle cell to contract. Ach is cleared from the synapse by an enzyme that
cleaves Ach called Ach esterase.

Nerve-nerve synapses use many different neurotransmitters. Some neurotransmitters are excitatory;
their receptors allow the flow of ions that causes the inside of the post-synaptic cell to become more
positive, making the cell closer to the threshold needed to fire an action potential. Other
neurotransmitters are inhibitory; their receptors allow the flow of ions that causes the inside of the post-
synaptic cell to become more negative, making the cell farther from the threshold needed to fire an action
potential.

There can be many, many inputs to a postsynaptic cell, and the summation of all of these inputs occurs
across the cell body. If the excitatory inputs are sufficient to depolarize the membrane at the axon hillock,
the voltage-gated Na+ channels at the axon hillock will open and an action potential will be generated.

Neuronal circuits: Aplysia, a sea slug, offers a distinct advantage by eliciting a visible (measurable)
response (siphon-mediated gill withdrawal reflex) to a stimulus, which can be studied directly. The response
is triggered by several electrical synapses firing simultaneously, and thus can be used to study habituation,
sensitization and classical conditioning. Hence this animal is considered a good model in neurobiology.

Habituation is the decrease in behavioral response to a stimulus after repeated exposure to that stimulus

over a period of time. In the case of habituation in Aplysia, it was found that the decrease gill withdrawal
reflex was a result of diminished release of neurotransmitter from the pre-synaptic neuron, possibly due

to progressive inactivation of calcium ion channels. In the habituated animal, fewer pre-synaptic vesicles
are released for the same stimulus. In addition, the size of the vesicles is seen to decrease in habituation.

Sensitization is the progressive amplification of a response following repeated administrations of a
stimulus. In the case of sensitization in Aplysia, it was found that the increase gill withdrawal reflex was a
result of increased release of neurotransmitter from the pre-synaptic neuron, due to an increase in both
vesicle number and size.

Short-term memory, which usually lasts for a few minutes, involves covalent bonding of pre-existing
proteins leading to alterations in the strength of already existing connections. By contrast, long-term
memory requires the activation of nuclear components that may ultimately result in the alteration of
synaptic connections or alterations in the type or amount of neurotransmitters or their corresponding
receptors.

Neurons connect to form circuits, and in some cases, these neurons grow and innervate areas based on
guidance cues/signals. In other cases, neurons project axons in a more random fashion, and those whose
axons make useful connections survive whereas those failing to make useful connections die.



Questions

1. Dopamine is one of major neurotransmitters in the mammalian brain that regulates mood, cognition
and locomotion. Dopamine acts on two types of receptors: the D1 receptor is an inhibitory ligand-gated
channel, the D2 receptor activates the G proteins, and is excitatory. The released neurotransmitter is taken
back into the presynaptic cell, for re-use.

a) On what part of the neuron are the dopamine receptors localized?

b) The D1 receptor is inhibitory and transports K+ ions. Would K+ be moved into or out of the
postsynaptic cell? Explain the mechanism underlying this inhibitory effect.

¢) The D2 receptor is excitatory, and its ion targets are believed to include Ca2+. Would Ca2+ be moved
into or out of the postsynaptic cell? Explain the mechanism underlying this excitatory effect.

2. GABA is a major inhibitory neurotransmitter in central nervous system (CNS). It acts by binding to
GABA-A receptors that are chloride channels and GABA-B receptors that activate K+ channels via G
proteins.

Pre-synaptic

Post-synaptic

K+ concentration is high inside the neuron, while Ca**, Na* and Cl ion concentrations are high outside.
Passage of Na' into the neuron is responsible for an action potential.

a) In what direction will ions flow when the GABA-A receptor is activated — in or out of the neuron?

b) How does this flow alter the likelihood of an action potential in the post-synaptic neuron? Explain.

3. In Aplysia, or sea slug, the axonal connections of all the neurons have been traced.

In experiment 1, you tap the mantle of this organism 60 times, once every 2 sec, at a stretch and look at its
gill withdrawal reflex. In experiment 2, you give 10 taps, once every 2 sec, wait for an hour before giving
the next 10 taps. You repeat this 6 times every day for a couple of days. You then stop for a few days and
repeat the experiment again. You find that although the total number of taps is same in both the
experiments, the response of the organism is different in these two experiments.

a) Which of these two experiments would likely result in short-term-habituation? Explain what short-
term-habituation is and why this habituation lasts only for a few minutes?

b) For the experiment you did not select while answering part (i), explain why the final response is an
example of long-term-habituation.

) What does the fact that long-term-habituation occurs tell you about the plasticity of neuronal circuits?
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a. Neuron Anatomy
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b. Membrane potential
i. lons

ii. Protein pumps and channels

c. Resting potential



Samin Houshyar
R27 & R28

Section 13 & 14
d. Action Potential
i. Depolarization

1. Threshold

ii. Repolarization

iii. Hyperpolarization

e. Experimental Techniques
i. Patch clamping & Giant Squid Axon

f. Synapses
i. Neuro-neuro synapse
1. Components
a. Neurotransmitters

b. Channels

c. lons
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2. Types of synapses

a. Inhibitory

b. Excitatory

3. Synaptic math!

ii. Neuro-muscular synapse
1. Components
a. Neurotransmitters

b. Channels

c. lons
2. Toxins
a. Botulinium toxin - inhibitor of vesicles fusing to
membrane

b. Tetradotoxin - blocks voltage gated sodium channels

¢. Curare - competitive inhibitor of Ach
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II.  Immunology
a. The innate immune system
i. Non-cellular components

1. Skin

2. Saliva

3. Mucosa

4. Stomach acid
5. Tears

6. Etc.

ii. Cellular component
1. Macrophages
2. Dendritic cells
3. Neutrophils
4. Natural killer cells
b. Adaptive Inmune system
i. Humoral
1. B-cells
a. Immature

b. Naive
c. Plasma
d. Memory

2. Antibody Structure
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3. Antibody production
a. VD] Recombination (NOT the same thing as splicing)

b. Somatic hypermutation

4. Clonal Selection

5. Controls over clonal selection
a. Clonal deletion

ii. Cell-mediated
1. T-cells
a. T-helper cells (CD4+)
i. Regulatory role
ii. Antigen presenting cells (APCs)
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b. T-cytotoxic (CD8+)

i. Viral infections

iii. Infections: Specificity and memory of the immune system

iv.

1. Examples

a.
b.
B

d.

e.

L

Malaria - infects

Cholera - infects

Tuberculosis - infects

Smallpox - infects

Flu - infects

HIV - infects

Autoimmune diseases

i

vk B B

v. Transplants

vi.

Vaccinations

Myasthisia gravis
Rheumatoid arthritis
Multiple sclerosis

ALS (Stephen Hawking)
Diabetes type |



ML 0,
Tomoly 3
( f‘\zq ((ML@)
Lo [ C5png Jw(qas a5 aQ CLJ/({
Com_ oudl bt F o whia
WAt G X olue i,
Pd} A IRQP l/\/%mﬂj s /(\Lm(_i)
\\uj\(i B Q)‘MJ, T cueplor

e

ﬂOW (n LMM g\[d% &V{?M V\/[lflf‘e[ 90/\@) o1 :/__{Q__g/!g_ C{’,//
'Hands (ary Jil ;ﬂm(&/ﬁ/[a/ [/xb)ycwf:'cl 2

pfOH% Moo uits cvfop&gn/\

M S (,{wd (f/n‘n 0/"99 Wc’@

P\/ﬂlﬂﬂ Izfﬂ[9 €4iaplfzw'c f@ﬂr/ﬁfh

Lmu ooy PHC Clus| mobisde ki e

»pePhd& b 4sfug
é\/l/‘l{{ % QP&IF}(



(J
CQH CO/N MP«W éy wl/us whih 115 ﬁ@«sm;}(@{

Via| polioy e aly Jitbed an (gll whe

T ' |
g) = oren (eapizg
_ gj \V/

t/ob( O}E@pfiﬂ’dg
1)
WTMM S Y1  ogb b kil
Potgsoc e & gabyt s
(i Tt Ty Chy o T
Bl o poltes o Sl 1, 1o

| l
Edll\[ Mg 5‘/‘4’L U for (g Sydon

ML o
Hylogen bonts

K,\/) QZJL of a’)l]ﬁﬂ /ae,oh‘de
Can disply g bach it duff O/ngpepﬁd@

QJ} (] Jisphy € Yn'@
éo %‘@ 0{ /WC CLMS ,]‘

Mol




3 \
0 D o - b

7

BJ% Unyore of s L\ﬂ(} )ﬂu/P/( db UZ; }9 dzswla flam,(///
Gl ot el premtel
ML Gt pf@m bk ol of taopeﬁfﬁb
m(a/i ‘fm thQ d gk ']Lm /q%m @ /

Eath of W has o Db sob 0& //ZHC (lass 1

eﬂsdf% \iM/é’[ L (o] nrw,nL aé $P€Cft%

_—-'—-_'—.-_.—-—

ng U«)BILC V@'S(O/u o‘tt qe
MHC Clast }M/MﬂL Pohmp}r\tu 0"
j\ drone '(
R@n‘”‘:(wl “M’lﬁ }\W@ S dmp /“IHL(
CCM TLfanffcf !9[&/

fout })/v Oﬁ%‘ Plogle 5 (f ]L/mcpsz
Gméno Sydum g tHaoho

Nt bt nals [(i({/@( Tt fud




@ Ol hy s M0 (s | =9 cmn
st orgne

M Sqpress :’WlﬂWnQ, 67&% O‘F f@o}ep}m#
fw o e db gt oy
Vit gur G pueiny f

—_—

M) @ﬁg& b*((&US » ﬂ(/M\{O/‘VtVPWL 6%}@”\
Ttlabs

Pow Colbaimmm (Lo
Ciotode F-cell = T¢
Can ¢ Loy e ol 6‘37/ iffuc ik M/
N ot et o0 R vhag

TR qute Ul 12 pitihody  coll

u“ P Gopled ~
Mwass fedord & M T,



®
0
LQUWE%& ol Jﬁgopepﬁi@
Vo e T -0l Cecgptor
Koyl g Ollggoe;ﬂﬂol@ ang MHC ( lass |

ULk ey g (okan on
[ Jrer - 0n 5{ Hﬂ)
0/)[7

15 Gune 45 ;4 A‘CBZ)[

()004 ey o Ag]’ /‘H ol,( \/(’/ws /‘nﬁ@oM cg[/
bfon m dows T (0 eprdegs

(i o caastn e (b
AN”MZ W{u‘/lﬂ [) )W/\SW\%)M(«L PKO“@’\ ((Legy



Tl raghe ks Nl adifdy pobed
UML e SPQHI#/EZ{%
Jtlw% o q, TC@L/

W Cﬁofo%’ﬁg TIYW (CW)

Cﬂ » /ecaca‘n(l%i 7
F@//Ml. 16$Mf’5£’,
(yto o gfdﬂt/[t/) it fo N ohy o [{

]\W\ bettor o T b infafed O@U
Ged be 4 gt -t de

\/ s by b evade Lo@'m,j lled
33:0(60, é)%@ CE?/H #o 6114 t[ow\ gxfﬂﬁg;(g Of /M[M [
C a»

oo (
(J@H L\w p(({(/fml&& m ‘E’QW\ M/d//\i/lﬁ (M 52/§‘€q



@\/Jr O /(WWWQ, ws}vm e -

w@fl o T-cull - rectpto

(N Iy
kil colls v/ fo itk MHL Chs |
on §L//T£&(»9{l

[l [ |
JﬂMS C@“ Lok §v5}0(c{|a\é ’

Mw e @l 4y b as gl |
\Down fng/@‘t% )/ﬂ/(/
+O (M’ad \(mrwp, @fM
/\/}L Qots ot |-

\

ek Gt foxe @(m/[%



Macophages 9"%@’ o (ol gorbep
dwb 1 C@” Jag@% s
o i s olapopeylide  dntiyens
ks oo MHC (ks 1L
Tl et Yo fo
U 6% ,o@/pﬁ,o les Lon g (@l/
\\MQ blorl (9[) (Jafe&é/ o014 CMMQ/;

Pesitt fon (9l

J‘//‘l\ (AIWJ Mf WQ C%hf’ﬂl/ X

Hl two P Clages e pr @ﬁ( il

bjjr W\‘{ W @E (OW
Cerfil cluss of 1 el
um e T-hobery

‘\__________-_—-__-_____



4

Feals b TR

l%M\w’c all o & BTy o .
qu M( Pt,bl@i “’ﬁg

Ve dapheopts P
blhogprs  ~temale
Jodile  —wale - il st holly
b & (ol o sholege

61«9{) Z%}ﬁ% %ﬁ/m /»Zm aw//l
fll fud - oo Tat €6 o el ol

thy full in e
CV"@{WL (J{D/?)
ém’\ (N Pmb/ﬂf/(/ (I quq 69{\ ﬂﬂzma/( u/(i/ly

(sl 1n T m‘imﬂm

\J{’MW @l ooy Vet QKL;WL
Lol 6 ) matt



0 _
mf\ \L‘Mpef wll (08 r b’(@//

]’\UWW§ )VO 6Q Jtispbly[(y 5040 5”0 »jahd,e,
(¢todor

hm b ol @ advated

Q&({W\\)(J/ WO Ve hod ) taterest Zm&)
Adbabon of [ -cell

Pl b Bl _neblay anfids
M{ G Coplicated <

i 6h~\ 6 5 |
t Q(,{){T‘Lr:is s Z‘QCﬂ U(b%(&]L @/m(/

%{Vﬂ (@ (9(//12@/ {\ g

(
Sf\tnul@ﬁm 0f {,f_ (ﬂ[ Mﬁ/wﬂ{ M)
Mo Comp el Thgn s

w@gﬂ’@\t ()’ 0% 0“9’6\%012(\('(5;]’%

W pan G




The first step:

The differences between these are due g@ Ight 1D Class switching
to the incorporation of different heavy
: Vor G G & G Ca flod

chains; light chains are the same o o o ol o o Y — i

G -y chain PRAL -

M - u chain P

D - & chain IgA1 N

. Antigen- ... . A :
A-a chgm comli;iuing Initially, following VDJ recombination in a heavy region locus,
E - £ chain when the resulting antigen-combining variable region segment is
sequence : \ el . e
transcribed, it becomes joined via RNA splicing to the nearest
constant region segment downstream. This constant region
R segment is Cu (constant p), and results in the formation of an IgM

molecule following translation of the resulting spliced mRNA.

The use of fusion of a heavy chain variable segment
(resulting from VDJ recombination) to various constant region

segments reflects the process of class switching (i.e.,
switching from making an IgM to making an IgG molecule while
keeping the same variable region segment)

Class switching VDI already rearranged Class switching (H chains): (enabling one
already-developed antigen-combining segment to
e VDA G VDJ Gu - become allied with another distinct constant régic
saggmyo-m-ﬁouu%-&mﬁa 3 ——e [ IgM /UDIN G G vDJ cu
- | switch sequence 5 JEI ol iﬁﬂuhc-m 3
DR 7 i
e é.. - I switch sequence
; \nutrtn- [ / i
- combining | TRANSCRIPTION, :
sequence CEE Y el RNA PROCESSING, Antigen-
e DNA VDJ Co AND TRANSLATION W
o Cy combining
DNA DELETION BY CUTTING e ) :
AND REJOINING OF DNA G Sequence TRANSCRIPTION,
NEAR SWITCH SEQUENCES ‘e RNA PROCESSING,
quPe, AND TRANSLATION
VDS Cu VDJ Cu
sTEies a3y ——— 1gA DNA DELETION BY CUTTING :
DNA AND REJOINING OF DNA &

NEAR SWITCH SEQUENCES

Figure 24-41. Molocular Biology of the Cell, 4th Edition.

Before the class switching the antigen-combining site was joined (following RNA

splicing) to a C,, (constant p), segment, yielding an IgM molecule. Afterward, as voJ G

the immune response develops, the C, DNAsegment (as well as other constant 5'“:”§-ﬂm 3

region DNA segments) may be deleted from the genome. Now, in the example DNA o

depicted here, the variable(VDJ) region becomes spliced to a C, segment, Figure 24-41. Molecular Biology of the Cell, 4th Edition. —

vieldine an IgA antibodv with the same antigen-binding specificitv.



To review: The immune system has many
different “arms”. We will focus
on its humoral and cellular arms.

Let’'s review in

In the spleen (and bone marrow) of a mouse or human there are normally millions
of B-cell populations, each B cell having developed the ability to make its own
particular antigen-specific B cell.

& —3hss GRBEEE,

®-9 (0B BLs8R58 6aee

e @ @ /;,....,.“.- In this mouse, many of these B cells are, on occasion, differentiating/maturing into
S "‘\ . . . . . . .
Nourophiy Sranslocste L‘:,"..‘.o. @) plasma cells, and the latter are secreting millions of an_tlgen-spec:lﬁc antibodies

% @ TeertotasieT cal into the circulation.
- @--@!

@.__@ i e S
o

Basophil @
W ] Dendrtic eall
Platalats

“""’“"“ e AP Humoral -- soluble antibodies

Ehiinoioorsuncavn Cellular -- cell-mediated responses

©2007 WM. Freeman and Company

Let's review in some detail the steps needed to make a monoclonal antibody. Therefore, class-switching allows the immune system to make a number (~8)
a-ia the spleen. (and bane mastow).of a motrs there se normaly milions of B-GH of antibody classes, which share in common identical antigen-combining V
populations, each B cell having developed the ability to make its own particular WL S 5

antigen-specific B cell. regions but have distinct C regions.

!:_..-‘-:y;’«&éééé é}éééééé :
x4 & = & @ o6
@ o5 @ 5\@ é é ;
In this mouse, many of these B cells are, on occasion, differentiating/maturing into

plasma cells, and the latter are secreting millions of nnngcn specific antibodies
into the circulation, n

\r» ‘*\/3” \1{”

'

S Q]% G - y chain
\]i M - u chain
D - 6 chain
There are at least two reasons why a B-cell or B-cell clone A - o chain
will be eliminated early in its development: E - ¢ chain

1. It fails to make (via gene rearrangement) a functional antibody
2. It makes an antibody that reacts with Self, i.e. the body’ s own
native proteins -- the issue of Tolerance (self vs. non-self)

Figurs 4-18 kmmunobiology. &/. (€ Garland Sclence 2005)



While all having the same variable regions, these various classes of
an antibody, being fused to different constant regions, have
differing functions.

Neutralization

Opsonization

Sensitization for
killing by NKcells

Sensitization
of mast cells

Activates complement
system

Figure 9-19 part 1 of 2 Immunobiology, 6/e. (O Garland Science 2005)

FYI: “Opsonization” means coating a particles, such as a bacterium, with antibody
molecules, enabling phagocytes to gobble up the particle. “Mast cells” can recognize an
antibody-coated particle or cell and release toxic compounds in response. “Complement”
is a group of proteins that punches holes in the membranes of antibody-coated cells.

So, to review: Various antibody classes: The red variable regions may all
be identical and recognize the same antigen. The blue constant

regions differ, allowing these antibody molecules to have

multiple alternative functions.

G -y chain
M - p chain
D - & chain
A - o chain
E - € chain

Figure 4-18 6/e.(0 Gar ‘ 2008)

While all having the same variable regions, these various versions of an
antibody, being fused to different constant regions, have differing functions,

They’ re found in different compartments in the body.

Transport across epithelium|| + - - - - - =
Transport across placenta - - =
Diffusion into +f ¥

extravascular sites i ¥
Mean serum level (mgmi™) || 15 ||| 0.04 ||| 9 3 1 05 ||| 21 |[|3x10*

Figure 9-19 part 2 of 2 Immunoblology, 6/e. [© Garland Science 2005)

FYI: “extravascular” means the portions of tissues outside of the circulatory
system, i.e., outside of blood vessels.

The immune response develops progressively. IgG molecules are transferred via
the placenta during gestation and via milk during breastfeeding. Following
exposure to novel antigens early in life, IgM molecules are initially produced;
however, as the immune system and immune responses develop, these IgM
molecules are progressively changed over to IgG and then IgA responses, etc.

Fraction of adult

level of serum llLavr:s]Iegt
immunoglobulins ) Ieve!IJs oM
100 passively _ -
transferred -
maternal IgG

conception -6 -3

T | B [ i e |
birth3 6 9 123 45 adult

years

Figure 11-11 Immunobiclogy, 6/e.{© Garland Sclence 2005)




regions of DNA to be joined

5 germ-line DNA | ' 3
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This “class switching” helps to explain a puzzle that
was implicit in our earlier depiction of clonal expansion.
If exposure to an “antigenic determinant” provokes
clonal outgrowth, how can a B-cell sense the presence of

Development of a
light chain

gene during
development of

ghl - IgD
3
i
"%

/ IgE

A"

DNA REARRANGEMENT Ko an antigen in its surroundings? Answer: The initially
Bg&é’fgp%%%% ML Rl displayed antibody molecule is a cell-surface,

5
B cell DNA Imx

v3 e
J3J4J5

TRANSCRIPTION
5 3

RNA transcript W
C
w 3J4J5

UL E— RNA SPLICING

light chain

& 3’

mRNA l%ﬁ

J3

TRANSLATION  nH2

Figure 24-37. Molecular Biology of the Cell, 4th Edition,
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Note that upon transcription of the fused V3
and J3 segments the resulting transcript is

IgM transmembrane protein is initially configured like a
growth factor receptor. (Later on it becomes secreted.)
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Figure 6.12 The Biology of Cancer (@ Garland Scienca 2007)

After B cells have undergone a
VDIJ & V] recombination, they
display the initial product of
this recombination - a form of
IgM -- on their surface. This
IgM functions much like a
growth factor receptor, lLe.,
when it binds its “ligand”, it
becomes activated and sends a
stimulatory signal into the
cytoplasm that stimulates clonal
expansion and leads ultimately
to descendants (plasma cells)
that secrete soluble IgM and,
following class switching, other
ntibody types -- e.g., IgG, IgA,
E etc.

Plasma cells

T A A

-}+‘ ""—\Anhl\:dma

Memory

1&.

Next problem: How can the immune system monitor the various
compartments in the body to determine whether novel antigens
(and thus foreign infectious agents) have invaded the body and
should be attacked and neutralized?

In the case of certain viruses and bacteria, they may release soluble
protein antigens that can be recognized by the immune system, e.g.,
stimulate the clonal expansion of B-cell clones.

But what if a virus has invaded a cell and is multiplying within the
cell??



Major question:

How can the immune system know what’ s going on inside cells?
(including the presence of viral proteins inside infected cells).
Intracellular proteins are digested into oligopeptides, imported into the ER,
where they are loaded onto antigen-presenting MHC Class I molecules

MHC (major histocompatibility
uman of complex) Class I molecule

endoplasmic
reticulum (ER)

Oligopeptide fragments
of intracellular proteins

Here' s a more detailed depiction of how cells (normal and virus-
infected) display intracellular antigens on the cell surface via their

MHC class I molecules.

cytosol

vesicle

o

HCclass| endoplasmic
reticulum

plasma

. tocell ==p
‘ : membrane

“ysurface

proteasome

[

) T

o o« o
i id i
& protein flg;':rtlenats

Intracellular proteins are chopped up in the cell s garbage disposals --the
proteasomes in the cytoplasm; the resulting oligopeptides are loaded onto the MHC
Class I molecules in the lumen of the endoplasmic reticulum (ER) and then

transported to the cell surface.

endoplasmic
reticulum (ER)

Major question:

How can the immune system know what’ s going on inside cells?
(including the presence of viral proteins inside infected cells).
Intracellular proteins are digested into oligopeptides, imported into the ER,
where they are loaded onto antigen-presenting MHC Class I molecules which

carry them to and present them on the cell surface.
(8)

MHC class |

Intracellular proteins are presented

-on the cell surface by MHC Class I

Peptide fragments of .
antigens

intracellular proteins

MHC Class I

sf | Bound peptides transported by
 MHC class [ 1o the celf surfaco

Gy

This presentation of intracellular proteins occurs routinely for
all cellular proteins. When a cell is infected by a virus, the
virus-encoded proteins (in the form of oligopeptide fragments)
are also presented by the same system on the cell surface.

Figure 1-28 Immunobiology, 6/e.(© Garland Science 2005)




amino acids
bound to COOH

invariant i i i
el s oligopeptide antigen

anchor amino
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Figure 24-53. Molecular Biology of the Cell, 4th Edition.

This is the “palm of the hand” of an MHC molecule that it uses
to present oligopeptides to the outside world, I.e., to the immune
system, which can “see” antigens presented in this way.

amino acids
bound 1o COOH
invariant P
pockets, 4
N

anchar amino
at acids bound to
=12 variable specificity [
| pockets

1G]

Al Hz
Figure 24-53. Malecular Biology of the Cell, ¢th Edition.
This oligopeptide antigen presentation by an MHC molecule has an
important limitation: the amino-acid sequences of an MHC palm are
only able to present a small subset of the oligopeptides that are generated
within a cell. Hence, each person’s cells display multiple distinct MHC
molecules on the surface, in order to extend the range of oligopeptides
that can be presented on the cell surface.
However, all of the MHC molecules presented on the
surface of an individual’ s cells will still not be able to present

certain oligopeptide antigens on their surface.

amino acids
bound to COOH
invariant

puckels\

anchor amino
8 acids bound to

= variable specificity S
pockets

(A)

Figure 24-53. Molecular Biology of the Cell, éth Edition.
This oligopeptide antigen presentation by an MHC molecule has an
important limitation: the amino-acid sequences of an MHC palm are
only able to present a small subset of the oligopeptides that are generated
within a cell. Hence, each person’ s cells display multiple distinct MHC
molecules on the surface, in order to extend the range of oligopeptides
that can be presented on the cell surface.

amino acids
bound to COOH
invariant »

A NH2
Figure 24-83. Molecular Biology of the Cell, 41h Edition.

This oligopeptide antigen presentation by an MHC molecule has an
important limitation: the amino-acid sequences of an MHC palm are
only able to present a small subset of the oligopeptides that are generated
within a cell. Hence, each person’ s cells display multiple distinct MHC
molecules on the surface, in order to extend the range of oligopeptides
that can be presented on the cell surface.

However, all of the MHC molecules presented on the

surface of an individual’ s cells will still not be able to present

certain oligopeptide antigens on their surface.

What will happen when that individual is infected by a novel

pathogen (e.g., a virus) none of whose oligopeptides can be recognized
by that individual’s MHC molecules? That virus can fly “under

the immunological radar”, multiply unhindered, and kill the individual.



aming wcids
bound

However, all of the MHC molecules presented on the surface of an individual’ s cells will
still not be able to present certain oligopeptide antigens on their surface.

What will happen when that individual is infected by a novel pathogen (e.g.,2 virus),
none of whose oligopeptides can be recognized by that individual’s MHC molecules?

That virus can fly “under the immunological radar”, multiply unhindered, and kill the individual.

What will happen if every individual in the species displays the
identical set of MHC antigen-binding molecules?

The novel pathogen will spread unhindered through the species and
wipe out the species!!  boo hoo

For this reason, the MHC-encoding genes within a species are highly
polymorphic, and each individual displays different combinations of

MHC-encoding alleles, ensuring that the MHC molecules of at least some
members of the species will be able to bind and present the pathogen’ s

oligopeptides, enabling immunological defense against this virus.

A cytotoxic T lymphocyte (T sometimes: CTL) will display on its
surface an antibody-like molecule called a T-cell receptor (TCR).
This T-cell receptor is an antibody-like molt much like the cell-
surface IgM protein of the B cells.

(B cells and T cells are the two major
classes of lymphocytes.)

The T-cell receptor is the product of a series ot
gene rearrangements just like the
VDJ/VJ recombination occurring in

B cells. Hence, there are millions

of T lymphocytes, each with its own
Cell-surface receptor, each able to
Recognize it' s own antigen.

(The T-cell receptor never progresses
To a secreted, soluble form.)

oligopeptide

For this reason, the MHC-encoding genes within a species are highly polymorphic, and
cach individual displays different combinations of MHC-encoding alleles, ensuring that the
MHC molecules of at least some members of the species will be able to bind and present the
pathogen’ s oligopeptides, enabling immunological defense against this virus.

The MHC molecules themselves are proteins, and therefore one person’ s

MHC molecules, displayed on the surface of his/her cells will be
different from another’ s (unless they are identical twins). Hence, these MHC
molecules can themselves function as antigens. As a consequence,
if you take cells from one person and put them in another’ s body, these

transplanted cells will be recognized as being foreign by the recipient’ s
immune system and will be attacked and eliminated (just as if they were

an invading pathogen). Hence these cells will be histo-incompatible!
(“histo” = tissue). MHC = major histocompatibility antigen.

The MHC molecules that routinely display oligopeptides on the surfaces of cells throughout the

body are called “Class | MHC molecules”.

A cytotoxic T lymphocyte (T, sometimes: CTL) will display on its surface an antibody-like

molecule called a T-cell receptor (TCR).
This T-cell receptor is an antibody-like molecule, much like th ll-surface IgM protein
the B cells. \g\?/m e o
(B cells and T cells are the two major g
classes of lymphocytes.)

The T-cell receptor is the product of a series of
gene rearrangements just like the

VDJ/VJ recombination occurring in

B cells. Hence, there are millions

of T lymphocytes, each with its own
Cell-surface receptor, each able to

Recognize it' s own antigen.

(The T-cell receptor never progresses

To a secreted, soluble form.)

T cells can use their TCR to recognize
Antigens displayed on other cells

via the MHC Class | molecule and
attack those cells. This class of T cells is
called a “cytotoxic T cell, or simply Tc.

antigen-displaying
target cell




A cytotoxic T lymphocyte (T, sometimes: CTL) will display on its
surface an antibody-like molecule called a T-c;cef!/receptor (TCR).

by
TR
':}*,,.3 antigen-dispiaying

target cell

an oligopeptide antigen@ that is being displ

on the surface of another cell (a target cell )
by that cell’ s MHC class | molecules.

If the recognized antigen is recognized as -
being foreign, this will provoke an attack by the T, dasst

Once the T, recognizes the target cell’ s antigen
being displayed, it will attack the target cell and

kill it.
For example, if the target cell has been

infected by a virus and is presenting a viral
oligopeptide on its surface, the T, may

kill the target cell before the virus has had a
chance to multiply extensively within the target

cell, thereby aborting the viral replication cycle * &
L t active T,

The cytotoxic granules
within a cytotoxic T
lymphocyte (CTL) are
usually scattered around
the cell (above).
However, when the
TL recognized a
target cell (below) that
needs to be killed, it
forms a tight
connection with the
_—1latter and concentrates
all of its cytotoxic
granules close to the
target cell in order to
discharge them and
kill its target (below)!

target cell

Cytotoxic T lymphocytes display a “T-cell receptor” on their ,
surfaces. The TCR is encoded by a separate set of genes that also |
undergo rearrangement just like the antibody genes!!

LVa1 LVen LWyl Lv.n Dy1Dg2 hU2 €

LS Ll2 Jon Co
Germ-line a-chaln DNA 5" - [E]

3B

Rearranged a-chain DNA 5

Protein product aff heterodimer

T-cell receptor |

Rearranged B-chain DNA

LVg LVgn
Germ-line B-chain DNA 5'-!-.-"
Figure 9-6
Kuby IMMUNCLOGY, Sixth Edition
©3007 W.H Freeman and Company

To review: (cytotoxic T cell is abbreviated either CTL or T, )

viral peptlde with MHC class |
and Kills infected cell

3 target cell

- A Y

T cell
receptor (TCR) . b I E A

Figura 1-30 Immunobiology, 6/e.(C Garland Science 2005)



A number of viruses attempt to evade the immune system by forcing the down-
regulation of the host MHC Class I proteins of the virus-infected cell (thereby
avoiding display of viral oligopeptide fragments on the cell surface!). However,
the immune system has a counter-response: It has natural killer (NK) cells that
recognize and preferentially kill virus-infected cells that have abnormally low
levels of MHC Class I molecules on their surface.

(Note that natural killer cells do not recognize specific viral antigens and do not have
antigen-specific T-cell receptors on their surface. They simply recognize the abnormal
condition of absent MHC Class I molecules.)

@ ClassIMHC  Inhibitory re

~—> Nokilling

igan{ Activating

Ll
Normal cell receptor NKcell

(b)

—> Killing

Ligand Actlv:ting‘
Virus-infected cell  receptor  NKcell
(Lclass | MHC)

Figurs 1414
by MANLOGY, Sl i
© 2307 W M e 2 Gy

Now we encounter a second
type of MHC receptor --
MHC Class II, used largely

by “professional antigen-

\ /PreScnting CBHS"

A dendritic cell will scavenge the particles
(including infectious agents) in the tissues, digest
them, and present oligonucleotide digestion
products on its surface through its MHC class Il

MHC class 1
A dendritic cell phagocytoses particles like a macrophage; however, a dendritic
cell is more effective in subsequently presenting antigens to the immune system.

oligopeptides

This NK cell is killing a leukemia cell
that apparently has tried to escape immune recognition by
downregulating its cell-surface class I MHC molecules

Not a pretty sight!

Figure 15.12e The Biclogy of Cancer (© Garland Science 2007)

bacterium

A dendritic cell will gobble up
all kinds of garbage!

- pseudopod

_plasma
membrane

phagocytic
white blood cell Tum

Figure 24-24 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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Figure 1-27 Immuncblology, 6/e. (© Garland Science 2005)

After displaying a peptide, the dendritic cell will then cruise around

(in lymph nodes), looking for T cells (specifically helper T cells (Ty,. )
-a 2nd class of T cells -- that display T-cell receptors (TCRs)

-that recognize its oligopeptide.

unproductive interaction between dendritic cells and T, cells

dendritic cell

More often than not, the dendritic will fail to find a Ty cell
that has a receptor that recognizes its oligopeptide © .

' (Remember that a T cell receptor (TCR) is an antibody-like molecule on the surface
~of the T cell that can come in millions of different versions, each capable of recognizing
_a different antigen presented in this case by an MHC Class II molecule.

MHC class I MHC class II

The antigen-presenting “palms” of the MHC class I and

class II proteins are quite similar to one another. However,

the class I molecules are displayed by virtually all the cell types
in the body, while the class II molecules are displayed by

the “professional antigen-presenting cells”, e.g., dendritic cells.

On rare occasion, however, the dendritic cell will happen to encounter a
helper T cell (T,) whose T-cell receptor(TCR) recognizes the
oligopeptide antigen. This will cause the dendritic cell to activate
the Ty cell.

productive interaction between ©PC and T, cell

Tcell

TR

—_—
activation _&¢

St v MHCII/
. activating
F Al signals
dendritic cell

(Actually, the TCR recognizes more than the oligopeptide antigen: it recognizes
this oligopeptide + the nearby residues of the palm of the MHC Class II molecule)

N4




The shop owners

Are all T helper
stores Cells, each w. her
Own T cell receptor.

Store owners
Each store

w. her own
Thelper cell

In frontg

street 3

T —

Ghrartis ook rat

Imagine a

dendritic cell
parading down

A narrow street

Lined on each

Side by small shops
In front of which the
(female) shop owners
Are waiting, hoping
For business

stores

' A T-cell receptor

' that triggers destruction

of the b-cells in the pancreas,
‘creating type 1 diabetes

T-cell receptor'

Here’ s what this encounter actually looks like. Above you see the
T-cell receptor (TCR) expressed by a T lymphocyte; it recognizes a
specific oligopeptide antigen that is carried in the “palm” of the
MHC class I molecule displayed on the surface of a potential target
cell.

The “palm of the
MHC Class I
molecule

iz

target cell

Figure 15.18b The Biology of Cancer (© Garland Science 2007)
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Meanwhile, and independent of this, B cells have been developing Note an important difference between the oligopeptide antigens

their own sets of antibody molecules, each that recognizes a displayed by B cells via their MHC Class II molecules
specific oligopeptide antigen. Initially, these antibody molecules are displayed Antigen bound by o T | o
B-col surace receplor :?"_;_“"ﬁm S| | e

on the surface of the B cell (as IgM molecules), and if they encounter a cognate

antigen on some virus particle (an antigen bound by their cell-surface IgM molecule), thi ’(. ’—j w\
results in the_internalization of the antigen (by endocytosis), its degradation into @ i A
oligopeptides, it introduction into the endoplasmic reticulum (ER), its loading on e ’ * ’
MHC class II molecules, and transport back to the surface of the B cell. <4

=

B cell

Piges 17140011 o 1 imemtabisioy, &'s. ¢ Gartand Louncs 2991

and the oligopeptide antigens displayed by dendritic cells
via their MHC Class IT molecnles
*/vh-us partid e
/IgM R Oy K 7
. R dendritic cett—— e e
antibody / : S
FL cligepeptides MHC clons
B cell . ER g ’
The dendritic cells display any piece of garbage that they ve
picked up; the B cells will only display fragments of particles

Figure 1-29 part 2 of 2 Immunobiclogy, 6/e.(0 Garland Science 2005)

recognized bv their cell surface antibodv (IeM) receptors
Remember, there will be thousands of different kinds of B cells,

Ve ebbacke to the B celI displaying an oligopeptide antigen. each displaying (via its surface MHC class II molecules) an
STy B | |RESTerb i antigenic fragment of something it captured earlier with its
' oA S 10:Eolauriace cell-surface antibody molecule
@ o
& s”f MHC cle
antibody @ ﬂ.
B i - MHCcl:
B cell ;e P Bgad
e el B Beell 1 B cell - : i@ Mo v wre
and the T helper cell (Ty) cell that was previously activated by A
e
productive interaction between APC and Ty cell a delldl'ltlc Cell &
Tacell o
7%0 The activated Ty, cell will now The Ty, cell will wander among these thousands of B cells,
y A / P e e around looking fora B looking for one that happens to display a peptide recognized
T e cell that also displays this . by its T-cell receptor (TCR).
dencritc cel particular antigenic oligopeptide ® @ @@ — Various oligopeptide antigens displayed by

on its MHC Class I molecules MHC Class II molecules of B cells.



(Just for clarification, each B cell will have generated its own
antigen-recognizing IgM cell-surface molecule -- the initial

protein product of the antibody gene rearrangement process. Each

B cell will therefore display hundreds, even thousand of identical
IgM molecules on its surface. There will be thousands, even millions

of B cells, each having its own IgM species on it surface.)

ﬁi'-,‘{ MHC cle
3"5 MHC cli 1] Ii "‘?HC cli i .
Bcell 8 cell @? o
: T
/ "
B cell —
rr
® @ ©@ — Various oligopeptide antigens displayed by

MHC Class II molecules of B cells.

On rare occasion, the helper T cell (Ty;) will find a B cell that displays on its
Surface (via its MHC class II molecules) the antigen that is recognized by the
T-cell receptor of the helper T (Ty cell). Now things get really interesting. The two
hook up (!!!) and the Ty, cell sends a signal to the B cell to activate it.

The B cell now begins to multiply like mad and to secrete in

Large amounts soluble antibody molecules, creating the humoral

Immune response.

In effect, the helper T cell (T};) will have recently encountered a dendritic cell
that presented some scavenged oligopeptide antigen on its surface and is
recognized by the T-cell receptor on the surface of the Ty, cell. Now, the
activated, excited Ty, cell will cruise around, looking for a B cell that presents
on its surface the same oligopeptide antigen (once again presented by MHC
1 protein. If it encounters such a B-cell, it says” What a coincidence! I just
encountered the SAME oligopeptide being presented by a dendritic cell. Now I
meet you! This is fabulous! So the two couple and the B cell gets excited and
proliferates and starts making antibodies (by becoming a plasma cell).
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On rare occasion, the helper T cell (Ty;) will find a B cell that displays on its
Surface (via its MHC class II molecules) the antigen that is recognized by the
T-cell receptor of the helper T (T}, cell). Now things get really interesting. The two
hook up (!!!) and the Ty, cell sends a signal to the B cell to activate it.

The B cell now begins to multiply like mad and to secrete in

Large amounts soluble antibody molecules, creating the humoral

Immune response.
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(TCR)
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On rare occasion, the helper T cell (T};) will find a B cell that displays on its

Surface (via its MHC class II molecules) the antigen that is recognized by the

T-cell receptor of the helper T (T} cell). Now things get really interesting. The two

hook up (!!!) and the Ty, cell sends a signal to the B cell to activate it.

The B cell now begins to multiply like mad and to secrete in

Large amounts soluble antibody molecules, creating the humoral

Immune response.

In effect, the helper T cell (T;;) will have recently encountered a dendritic cell that presented some
scavenged oligopeptide antigen on its surface and is recognized by the T-cell receptor on the
surface of the Ty cell. Now, the activated, excited Ty cell will cruise around, looking for a B cell
that presents on its surface the same oligopeptide antigen (once again presented by MHC II
protein. If it encounters such a B-cell, it says” What a coincidence! I just encountered the SAME
oligopeptide being presented by a dendritic cell. Now I meet you! This is fabulous! So the two
couple and the B cell gets excited and proliferates and starts making antibodies (by becoming a
plasma cell).

Why is this so complicated? --> To ensure that only after two distinct cell
types (dendritic and B-cells)sequentially encounter an antigen before the
antibody production begins!

T cell
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(TCR)
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To summarize/recapitulate the whole process:

1. Dendritic cell scavenges particles and carries them to the lymph node
where it presents oligopeptide fragments via its MHC Class II to helper T
cells

2.1f a helper T cell recognizes the presented oligopeptide antigen, it becomes
activated and looks around for a B cell that may also display the same

ollgopegtiderantigen (eiaibElcie s Thron Sisisistdes; Finally, the question of tolerance! Why does the immune

3.1f it finds such a B cell, it causes the B cell to become activated, causing system not attack the cells displaying oligopeptide fragments
the B cell to mature into a plasma cell and to release large amount of soluble of normal cell proteins on their surfaces?

antibody molecules -- the humoral immune response!
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Figure 16-10
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company

Is this important? Multiple auto-immune diseases are caused by the breakdown
of immunoloegic tolerance!

Disease

Self antigen

ILIRMTNE Some autoimmune diseases in humans

Immune response

ORGAN-SPECIFIC AUTOIMMUNE DISEASES

Addison's disease
A 1 h Iytic \!
Y

Goodpasture'’s syndrome

Graves'disease
Hashimoto’s thyroiditis

Adrenal cells

RBC membrane proteins

Renal and lung ba's_qment membranes
Thyrold-stimulating hormone recep
Thyrold proteins and cells

Auto-antibodies
Auto-antibodies
Auto-antibodles
Auto-antibody {stimulating)
T, cells, auto-antibodies

Multiple sclerosis

Brain or white matter

Idiopathic thrombocyopenla purpura  Platelet membrane proteins Auto-antibodies

Insulin-dependent diabetes mellitus  Pancreatic beta cells T,,1 cells, auto-antibodies

Myasthenia gravis Acetylcholine receptors Auto-antibody (blocking)

Myocardial Infarction Heart Auto-antibodies

Pernicious anemia Gastric parietal cells; intrinsic factor Auto-antibody

P p I gl lonephritis  Kidney Antlg tibody pl

Spontaneous Infertility Sperm Autoc-antibodles
SYSTEMIC AUTOIMMUNE DISEASES

Ankylosing spondylitis Vertebrae Immune complexes

T, 1 cells and T cells, auto-antibodies

Rheumatold arthritis Connective tissue, 1gG Auto-antibodies, Immune complexes
Scleroderma Nuclel, heart, lungs, gastrointestinal tract, kidney Auto-antibodies
§jégren’s syndrome Salivary gland, liver, kidney, thyroid Auto-antibodies !
Sy I¢ lupus eryth osus (SLE) DNA, nuclear protein, RBC and platelet membranes Auto-antibodies, Inmune complexes
Table 16-1
Kuby IMMUNOLOGY, Skxth Edition

© 2007 W. H.Freeman and Company

Central tolerance

Lymphoid
Newly emerged precursor

(immature) clones

of Iymphoy/ \\

1] ]
: : Selfantigen present
i 1 ingenerative
' :+ lymphoid organ
e L LT T
Maturation of clones
not specific for c
self antigens present specific for self antigen
in generative organs present in generative organs
Figure 16-1a
Kuby IMMUNOLOGY, Sixth Edition

© 2007 W.H.Freeman and Company

Mature
lymphocyte

The immune system
either eliminates lymphocytes

that recognize self-antigens or Tolerogenic Immunogenic
makes them “anergic”, Le., antigen antigen
functionally unable to respond
to self-antigens that they may
happen to recognize.
Functional
unresponsiveness
X—
Apoptosis Anergy
Proliferation
:Lg::o:;:umtmumn

©2007 W.H. Freeman and Company

tolerogenic = inducing immune tolerance
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Many students may feel overwhelmed with the complexity of the immune system. However, just think of all
the roles required in a modern army. There are the infantry, analogous to the cells that patrol the body and
attack foreign objects directly. Then there are cells that fight infection by destroying infected hady cells,
somewhat like a demolitions expert. There are mobile cells, akin to the cavalry, and cells that stay put,
guarding vital entryways into the body. There are even nonliving defenses, somewhat like drones or chemical
traps tripped by pathogens, resulting in their demise. This complexity allows us to fight off not only the sheer
number of pathogens we encounter every minute of existence but more importantly the diversity of those
pathogens, which have evolved equally sophisticated tactics to foil our defenses.

Innate Immunity

Animals directly interact with their surrounding environment, exposing themselves to pathogens, which are
disease-causing microorganisms and viruses. The immune system includes both passTe defenses that shield
us from pathogens trying to enter the body, and immune responses that actively fight infections. The
immune system can be divided into the innate and adaptive immune systems, based on the specificity of the
defenses involved. Innate immunity is present from birth and is general, defending against all pathogens in
the same way. Adaptive immunity is specific, involving specialized aftacks tailored to specific pathogens that
have invaded the body in the past. Adaptive immunity has an immunological memory, with memory cells that
stand ready to defend against a specific pathogen if it ever invades again. Innate immunity has no such
immunological memory. Innate immunity is discussed here.

Like all animals, invertebrates exhibit innate immunity.

The effectiveness of the innate immunity system can be directly observed in insects. For initial protection, the
hard, chitinous exoskeleton of insects creates a physical barrier that inhibits or prevents the entry of

pathogens. To protect openings in the exoskeleton, such as t 3 g o0 secrete the
enzyme lysozyme, which can cleave the cell walls of microorganisms, destroying them.

In add:t.%?‘i:l—g'the exoskeleton and lysozyme as barriers to microbial invasion, specific cellular features also
play a major role in the innate immune system of insects. Insects and other invertebrates, such as mollusks,
contain cells called hemocytes in their blood (hemolymph). There are a variety of hemacytes, with some
performing immune functions such as phagocytosis, the ingestion and digestion of pathogens by immune
cells. The immune cells that accomplish phagocytosis are generally called phagocytes. Phagocytes generally
move and capture pathogens using pseudopods (Figure 1; Figure 3), which are extensions of their cytoplasm
and cell membrane. Once they surround a pathogen, they ingest it into an endocytic vesicle (Figure 2). This
vesicle then fuses with lysosomes, which secrete digestive enzymes that destroy the pathogen. Any undigested
remains of a pathogen leave the phagocyte through exocytosis.
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Figure 1: Phagocytosis in invertebrate cells.
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Hemocytes engulf microbes through the process of phagocytosis, degrading these foreign bodies into

simpler macromolecules and components. Using pseudopodia, the hemocyte surrounds the pathogen to

produce a vacuole that fuses with a lysosome. Enzymes inside the lysosome digest the pathogen into
smaller components and release the material outside the cell.

© 2011 Nature Education All rights reserved. | -

Hemocytes can also secrete antimicrobial peptides that bind to and destroy the cell wall of bacteria. Scorpine, a
particular antimicrobial peptide found in scorpion venom, has the capacity to circulate throughout the body,
thereby increasing the chances of interacting with migrating microbes,

Research efforts have long attempted to design an effective treatment for malaria, a mosquito-borne disease
caused by the protozoon Plasmodium. Malaria causes almost one million deaths around the world each

year. A research group at the University of Maryland extracted a chemical from the fungus Metarhizium
anisopliae. This chemical is known to be lethal to mosquitoes and is therefore a promising new preventative

measure for malaria. Using the extract to kill mosquitoes would decrease the spread of malaria, yet this

approach would also artificially select for resistant mosquitoes. The research group attempted to generate a
genetically modified fungal extract that did not kill mosquitoes but instead prevented the malaria parasite
from completing its life cycle within the mosquito. Comparative analysis of the original fungal extract and the
genetically modified fungal extract showed that the genetically modified extract significantly decreased the

number of malaria parasites in mosquitoes.

How does the body identify pathogens?

How do innate immunity systems detect the presence of a pathogen? Cells of the innate immune system have
receptors that recognize molecules on the outer surface of pathogens. For example, Toll-like receptors (TLRs)

are proteins that recognize specific pathogen components. Recognition triggers intracelluldr signa
transduction cascades that allow the cells to react and combat the infection. In many insect species, TLRs

recognize molecules in microbial cell walls. The TLRs trigger a signal cascade that results in the secretion of

antimicrobial peptides.

Vertebrate innate immune cells possess several different types of Toll-like receptors. For example, type 3

Toll-like receptors (TLR3), located in the endocytotic vesicles of phagocytes, bind specifically to the double-

stranded RNA characteristic of many viruses (Figure 2). Other white blood cells possess type 4 Toll-like

receptors (TLR4). These are located on the leukocyte cell membrane and detect lipopolysaccharide molecules

characteristic of Gram-negative bacteria.

11/8/2012 2:29 AM
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Phagocytic cell

Figure 2: Detection of pathogens using the
Toll-like receptor (TLR) protein.

Analogous to the Toll receptor protein in invertebrates,
mammals possess different types of Toll-like receptors
(TLRs) that bind to specific components of the pathogen.
For example, the type 3 Toll-like receptor (TLR3),
specifically located in endocytotic vesicles, binds to a
virus-specific double-stranded RNA,

© 2011 Nature Education All rights reserved. *

Test Yourself

What are the possible molecular differences between the Toll-like receptors that
allow them to have specific targets?

Submit

Skin, mucous membranes, and bodily secretions all serve as barrier defenses in
vertebrates.

Similar to the innate immune system of invertebrates, vertebrates also possess physical and structural barriers
that prevent or slow the invasion of pathogens. For example, the epithelial cells ofmé?apoplosis
shortly after they are created from stem cells at the base of the epidermis. These dead cells form a thick
“armor” that the pathogens must penetrate before they even reach any living cells. In addition, the outer layers
mm, along With any microbes trapped within. Sebaceous glands in mammals also
secrete a protective oily film over the skin surface that inhibits bacterial growth.

The mucous membranes are also a formidable barrier for pathogens to cross, despite the fact that these line
openings in the skin. All mucous membranes produce mucus, a thick fluid containing glycoproteins and water
that serves to trap airborne particles and microbes. The mucus membranes of the nose have cilia as well as
mucus. These cilia are hair-like structures that trap and move airborne particles. Pathogens caught in the cilia
of the respiratory system are expelled and deposited into the esophagus, where they are destroyed by the
highly acidic conditions of the stomach.

The direct exposure of the eyes to the external environment could be an easy portal for entry, but tears
continuously cleanse and protect the eyes from microbes and other foreign matter. Similarly, saliva washes
pathogens from the mouth; the pathogens are swallowed and destroyed in the stomach.

Innate cell-based immunity in vertebrates involves a variety of white blood cells.
Phagocytosis is an important aspect of vertebrate innate immunity as well. Vertebrates possess a variety of
phagocytic cells involved in innate immunity. The smaller, mobile phagocytic cells, called neutrophils, are
activated by signals produced by injured cells at the site of infection or inflammation. Larger phagocytic cells,

called macrophages, either move around the body or remain sedentary in a particular organ until pathogens
appear nearby. Monocytes have the ability to develop into wandering macrophages during an immune

respoanhagocytosis in all these cells occurs in much the same way as in the invertebrate hemocyte depicted

in Figure 1, using pseudopods (Figure 3) and intracellular digestion with lysosomes.

http://www.nature.conm/principles/ebooks/7-012-introductory-biology-...
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Figure 3: A macrophage pseudopod.
This macrophage is phagocytosing a liposome. The arrow
is pointing to the pseudopod that was formed to enclose
the liposome.

© 2011 Nature Publishing Group He, M., et/ al.
Receptor for advanced glycation end products binds
to phosphatidylserine and assists in the clearance
of apoptotic cells. EMBO reports 12, 358-364
(2011) doi:10.1038/embor.2011.28. Used with
permission. All rights reserved. |

Dendritic cells are specialized phagocytes located in the skin and lymph nodes. They are very mobile cells
with many arms, somewhat resembling a spider. This allows them to move and engulf pathogens wherever the
need is greatest. Eosinophils are another type of leukocyte; they play an important role in innate immunity by
releasing chemicals that attack larger parasites, such as worms. Natural killer cells search the body for
infected or malfunctioning body cells. Body cells that are trouble in some way indicate this to the immune
system by displaying certain membrane proteins. When natural killer cells find these cells, they degrade the cell
membrane of the infected body cell, causing it to lyse. Natural killer cells may also induce the infected cell to
undergo apoptosis, as they do with cancer cells. Natural killer cells are therefore not phagocytes, as they do
not engulf and digest pathogens. Rather, they kill the pathogens by killing cells that the pathogens have
infected.

The lymphatic system serves as a circulatory network that drains excess interstitial fluid from capillary beds.
The fluid could also transport pathogens throughout the host's body. The lymphatic system has therefore
evolved lymph nodes, which work as somewhat of a “security checkpoint.” Macrophages position themselves in
the narrow passageways of the lymph nodes, engulfing any pathogens present in the lymphatic fluid. The
lymph nodes also contain resident and migrating dendritic cells, and they also produce and harbor cells of the
adaptive immune system.

The complement system and inflammatory response are innate, chemical-based
responses to infection.

Do vertebrates also use chemical immune defenses, similar to the antimicrobial peptides of invertebrates?
Vertebrates actually have a wide variety of innate, chemical-based immune defenses. Interferons are protein
secretions generated during infection. As the name implies, these proteins interfere with or prevent the
reproduction of viruses within the local region of invasion, preventing further spread. The mechanisms
employed by interferons have long fascinated scientists, and the study of these mechanisms has resulted in a
handful of new antiviral therapies.

Another chemical component employed by mammalian innate immunity involves the complement system, a
collection of proteins circulating in the blood. The presence of certain pathogens activates the complement
cascade, producing a variety of proteins. For example, the C3b complement protein attaches to pathogens and
produces a coating that makes it easier for phagocytes to engulf the pathogen. Several complement proteins
also join together to make the membrane attack complex. This cylinder-shaped protein complex inserts
itself into the microbial cell membrane, creating a pore through which cytoplasm leaks from the microbe.
Finally, complement proteins also bind to mast cells, triggering the inflammatory response described next.

Why do wounds swell right after injury? The inflammatory response serves as a protective mechanism that
impedes pathogen spread during an infection or after body tissue is damaged. The inflammatory response is
initiated by mast cells at the site of the injury or infection. These mast cells secrete histamine, a chemical
that induces blood vessels to dilate and become more permeable in the affacted area. Blood leaks from the
capillaries, flooding the affected tissue with complement and interferons. Platelets can also secrete histamine,
increasing the inflammation response as they reach the affected area. The massive increase in blood flow to
the affected area causes the redness, pain, swelling, and increase in temperature characteristic of
inflammation (Figure 4).

The first leukocytes to arrive generally are neutrophils. The neutrophils squeeze through the walls of the blood
vessels to enter the affected tissue, phagocytizing any pathogens they encounter. They are followed by
manocytes, which develop into macrophages. In the later periods of the inflammatory response, the
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neutrophils die and are totally replaced by the much more effective macrophages, which not only phagocytize
pathogens but also engulf dead tissue cells and other debris. The accumulation of dead neutrophils and
macrophages over a period of days produces pus that is absorbed once the infection has ended.
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Figure 4: Inflammation as an immune response to infection.

The inflammatory response serves as a protective mechanism of the body that triggers the production of
chemicals that leads to tissue repair. Histamine (orange) induces blood vessels to widen, facilitating the
diffusion of other molecules for healing. Macrophages and neutrophils also secrete cytokines (purple) that
increase the circulation of blood. The phagocytic cells engulf any microbes that may have entered the site
of injury.

© 2011 Nature Education All rights reserved. «

Test Yourself

What causes the swelling within and around an injured tissue?

Submit

Fever is an abnormally high body temperature that is often triggered by the inflammatory response. Infections
often trigger the release of cytokines by a wide variety of white blood cells. Cytokines are small protein
hormones that perform a variety of functions in the body. Those produced by immune cells often regulate the
innate and the adaptive immune response. Neutrophils produce a fever-inducing cytokine in response to toxins
released by many bacteria. Higher body temperatures make interferons function more effectively, inhibit the
growth of some pathogens, and speed up the repair mechanisms of the body. In extreme cases of infection,
such as septic shack, fever could become lethal, as extreme body temperature begins to cause brain damage.

CAREERS

The Need for Immunologists Has Increased with the Spread of Bioterrorism

One major incident associated with the September 2001 terrorist attack in the United States involved the
introduction of anthrax spores in envelopes mailed to several federal offices across the country. This event has
resulted in the development of rapid treatment and prevention methods that could be employed in future
bioterrorist attacks. The pathogens commonly used in these heinous crimes include microbial strains that
could be easily transmitted across various substrates and that have rapid infection rates in the human
population. Potential pathogens for bioterrorist attacks include anthrax and salmonella. The federal
government has supported research into techniques for the rapid detection of various pathogens. More
importantly, research efforts also focus on the production of vaccines and treatment schemes for infections
caused by potential bioterrorist attacks.

CAREERS
Notes on
IN THIS MODULE

¥ Innate Immunity
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* Test Your Knowledge
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2012 7.012 Problem Set 5

Please print out this problem set and answer the questions on the printout.
Answers to this problem set are to be turned in at the box outside 68-120 by 4.00 PM, Th ov 8™,
Question 1 ( i /4[2
A single nucleotide polymorphism (SNP) is a DNA sequence variation occurring when a sifigle base
pair in the genome differs among members of a species or paired chromosomes in an individual. By
convention this base pair change is represented as one nucleotide — A, T, C, or G — of the base pair.

The chromosomal position of the PKA gene is diagrammed below, as is the location of two single

nucleotide polymorphisms (SNP1 and SNP2). PKA gene
e S ﬁ —
AN A
SNP1 SNP2

The pedigree shows the inheritance of SNP1 and SNP2 associated with the PKA gene. The affected
individuals are shaded. Also listed are the alleles of SNP 1 and 2 for some individuals. Note: Assume
individual 3 does not carry the disease allele. &

. The two letters identify the alleles of the SNP that
SNP 1: CA | SNP1: G,G would be found on the “top” strand of each of the two
SHIEZGC | | SHRZIGA homologous chromosomes. For example, “SNP 1: CA"
indicates that on one of the homologous chromosomes

the top strand would contain a C (that is, the
chromosome would have a C/G base pair in this
position), while on the other chromosome the top strand

SNP 1: AG SNP 1:{C,G

OTE

SNP 1: A A

SNP1: AA | SNP1:CG  SNP 1: AGl ‘ o B would contain an A (that is, the chromosome would
SNP 2: CC | SNP 2:GA SNP 2: CC SNP.2; CA ShP2H6d e have an A /T base pair in this position).
10[E
SNP 1: C,A SNP 1: G,A
SNP 2: G.C SNP 2: C,C
a) What is the most likely mode of inheritance for this disease? // /

C\ \/{:9 504«;/.-] C'G/n!f‘-’f:/* ,ﬁ
b) Individuals 5 and 6 have no affected children. What is the genotype for individual 6 at the PKA
locus? Note: Use the symbol ‘A’ or ‘X** to represent the allele for the dominant phenotype and ‘a’ or "X* for the

allele for the recessive phenotype. ] / {

A

c) Individuals 5 and 6 have no affected children. Can you predict Ll;e/gggcﬁme for individual 6 at
SNP1 and SNP2 loci (Yesb? Explain why you selected this op#

A S e

W e any  d(0aq |
d) Which allele (or alleles) of SNyn SNP2 is linked to the mutant PKA gene in this family? Note:

Assume no recombination. ‘ j
SNP1: ( SNP2: (,) l/ /

e) Briefly describe how you can use a SNP microarray to determine the SNP genotype of an Individual.
Wloobaay  12ls Ore Qi K (id o et SHP 0
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Question 2
a) Circle all the correct options from below. The resting membrane potential of a neuron is determined
by... ,

( 1) ions that can travel freely through channels in the resting neuron

S T Py
ol Malind

i WY
ii.  ions that require ATP to cross the resting membrane

unequal distribution of different ions across the neuronal membrane

b) Circle all that apply. An action polfential is generated by the passage of ions through...

/1

c) Under resting conditions the Na*, Ca*and CI' concentrations are high outside the neuron, K*
concentration is high inside and this is maintained by the action of specific channels and pumps.

i.  only the resting ion channels
Not oYy
@ voltage-gated ion channels
iii.  G-protein coupled receptors

iv.  only the sodium potassium ATPase pump

i.  What feature of the plasma membrane prevents the free diffusion of ions across it?
0 {@L ( (¢ C Jw e /

ii.  Is the resting membrane potential observed exclusively in a neuron?
|

28 [‘ ": o |

iii. ~ Complete the following table for the two channels/pumps that establish and maintain the

k«@ (‘l@N/

resting membrane potential. é -
s e
Channels/pumps Ions passing Default state Is the ion transport active
through them (open/closed). or passive? Explain.

C s/

V'

Passie - Gl
(Vohes in wifn opén

|t

b \( ( JVJ (}ué

‘l - Jd ;.(:1;.16’ :
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Question 2 continued

d) Different neurotoxins are very often used to study neuronal function. You culture a GABA (an
inhibitory neurotransmitter) secreting neuron in the presence of the following neurotoxins in three
separate petri-plates (A-C) i
* A:Neuronis treat‘?d Tvithltetrqethylammqnium (TEA), which inhibits voltage gated K* channels.
| 11

St & hesl  colje

¢ B:Neuron is treated With tetradotoxin, which inhibits voltage gated Na* channels.
alod a4t |

* C:Neuronis treat{ed ith cone snail neurotoxin, which inhibits voltage gated Ca** channels.
ey sl yumpld 1

A normal action potential in a GABA éecreting neuron that has been stimulated in the absence of any

neurotoxin has been drawn in each panel below. Sketch the alteration in action potential following the

treatment of the neuron with each neurotoxin. Note: If there is no change please write “NO CHANGE” on
the graph. ,k q{é ‘{_0
4 dody (el fo e

o5 A +55 PlateB, o Plate C )
A Tetrad6toxin Cone snail toxin

v v
o ™ mv

}?na(rm) Time({ms) Time (ms)
5 e, _j

'70J V— 70% U—— ‘ 70
o//

/ N 0 ( A (i/‘-(ﬂ

e) Multiple sclerosis is an autoimmune disorder in which the immune system of the patient attacks and
destroys the myelin sheath of a neuron. These patients show a very slow propagation of action
potentials along the axons of their neurons. Explain why is this so.

, L ¢ 43 Aot A ditascas  more DYonaadd
Te lack @ piitien milp T elattal  ddtbenes  moe Plonange

&

{17/

f) A functional neuron may receive both excitatory and inhibitory signals from multiple neurons at the
syn®ptic junctions. In a post- synaptic neuron, where arme’si.gnals from all the pre- synaptic
excitatory or inhibitory synapses integrated and the decision to fire an action potential made? Circle
the correct option from the following choices. Explain why you selected this option.

Cell Body ~ Axon Hillock Myelin\Sheath Synaptic Cleft

| r ne oai e Gympe
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Question 2 continued

g) The following question refers to an experimental design depicted below. There are two excitatory
pre-synaptic neurons that independently converge on a post-synaptic neuron. The two pre-synaptic
neurons can be stimulated individually. In the absence of any stimulation, the recording electrode in
the post-synaptic neuron measures the membrane potential as -70mV.

e

Recording
#1 Electrode
Sk
Axon
illock

If only one excitatory pre-synaptic neuron is stimulated, you record a deviation from -70mV with the
recording electrode in the post-synaptic neuron, but you do not record an action potential. If both the

excitatory pre-synaptic neurons are stimulated, you record an action potential in the post-synaptic
neuron.

i.  On the graph below sketch the changes in the post-synaptic neuronal membrane potential, as
measured by the recording electrode, when only one excitatory pre-synaptic neuron is
stimulated.

+50mV+

(threshold) -50mV T == = == & == 2 == 2 o 2 w2 o 2 m

-70mV N

Time

ii.  On the graph below sketch the changes in the post-synaptic neuronal membrane potential when
both the pre-synaptic neurons are stimulated.

+50mV-

(threshold) -50mV -

-70mV 1

Time 4
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Question 3
Dopamine is one of the neurotransmitters in the mammalian brain that regulates mood, cognition and

locomotion. Dopamine is commonly associated with the reward system of the brain. Dopamine can be
an eg;cit_%y}_ﬂhﬂw neurotransmitter, depending on the dopaminergic receptor that it binds to.
rom

It is derive € amino acid tyrosine. At dopaminergic synapses, the released neurotransmitter is
taken back into the pre-synaptic cell for re-use.

a) Beginning with the stimulation of the pre-synaptic neuron, list the steps, in order, that result in a
release of neurotransmitter. Include any relevant channels, ions and molecules specific for this process.

\l Q{j(m Nn'l(a] on p’P ’ ,’5'\,’./1 A ‘,,’ i N (/Vm 7 [&]
ZI QOOULU) VO “)\"_’/? éjj“:}(id‘ f‘f"!f an t !-1-‘1{,5.?[; . ’, ‘.-/f' { f’,’ (& i2e A

/
Ak WA il /
% J ALY ]| e U ’(} Gy ;{*J!f' 5\!,'(" ag }{:’ﬂ \

\]' (ﬂ‘k{“"'} d‘ﬁ F“} W irase "JL; P }"f.wu Jf optam
)R hanges fam tnd (¢ fw V-m;f@,j

bescles gio fo rombar; fue, + sl newotua milfor (Ueame )
b) Clozapine, an anti- ps;ﬂghotic medication interferes with the nding of dopamine to the receptor.
You are studying an excitatory dopaminergic synapse where the post-synaptic cell has receptors for
dopamine. If you treat these neurons with dopamine plus Clozapine, would the likelihood of
generating an action potential in the post- synaptic neuron increase, decrease or not change relative to
the treatment with dopamine alone? Explain.

{ ) 1 } \ f ] - |
Q"((‘ dﬂ!ﬁ(f 1h," /! t-n:': 'I“) i _1 N , ¢ l‘l | il 0d f,f 9‘(0/9!;”’(,9
i aolln el checay Vi
i

c) The most extensively studied effect of cocaine on the central nervous system is the blockade of the
the protein that binds to dopamine and pumps it out of the synaptic cleft back into the pre-synaptic
neuron. What effect would cocaine have at an excitatory dopaminergic synapse?

T el cae # ok loff Qoo alletry dpuaie 4

p

Lj { 4 {‘ Maﬁ}nﬂ Pﬂ()lf ﬁ)ﬁ) ffﬁfﬁ? V}

d) Serotonin (5-hydroxytryptamine, 5-HT) is an excitatory neurotransmitter. It acts by binding to

several HT receptor subtypes. The 5-HT3 receptor is aNa’ channel whereas the 5-HT-2 receptor is a G-
protein—coupledE@fD‘r,—whiCh leads to the opening m channels.

i. As the amount of serotonin is increased, circle the option that may change: Amplitude of action

potential/ frequency of action potemtial/ threshold potential. Provide an explanation for the option
that you i —

( Ow&Qg (_lg\ N {'o ‘@/ﬂL?r ( C(( ; MoA FL
{Maiﬁb 0.("\ Ifﬂ' (30} ﬂf)»"' Mot ‘If ; -4y vl § {'r
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Question 3 continued
ii. Complete the following table for each of the treatments. Assume that serotonin is present at these
synapses. Note: Consider each treatment independently.

Treatment Action potential in the post-synaptic neuron is more likely or less likely to
occur compared to untreated synapses? Explain your choice.

Prozac, which inhibits the re- | {00 /g0 fi g ‘,[[(pfﬂ;,tﬁ aclin oolinlial - mve “Llf
uptake of serotonin from the ' 19 Y

synapse
Kentasarin blocks the binding p {m;; bmd}; 5 }'F 66 . “k 4. /! 1 D .‘*m’
of 5-HT3 receptor to 5-HT j (Fi{/ i ] o ’__J_i__-_{ b haa act pot /0
ol el [ S
4
L

Question 4
a) The immune system is comprised of different cell types such as the mast' cells, macrophages, helper-T

(Ty), cytotoxic-T (Tc), memory B and plasma B cells. From the choices provided, list all the cell type(s) that
would...

i.  Participate in the innate i 1mmur}e response.
Mast Hmaciophig™
ii.  Bind directly to an iﬁtlgen cn’culaltmg in the blood stream
it)fn]f‘U f{j) [ J i
iii.  Secrete large amount o ant: ody in response to an mfectlon O Z
({122 g k)

,' J-*.‘u

iv.  Provide protective uﬁmumty agamst sézcond exposure to the same antigen.

v\ Jiw
v.  Show rearrangeme(lzt of SpElelC genef ).C

" 4
, I ' / {‘n/rq /4 f
b) The diverse array of both TcR and antibodies is generated by DNA rearrangement. In addition to the
DNA rearrangement, name the three major processes that contribute to the generation of the TcR and

antibody diversity.
’}(\\ 0 { T& / (Ccom Oivdl {a
, o
\~* 4 h‘f/PF/ My / //m"( (91

Mo Clase cithin

c) Circle all correct options from the following choices. The innate immune response...
i. Occurs only following the first exposure to an antigen.
ii. Occurs only following the subsequent exposure the same antigen.

@ Occurs in response to all infections.

(iv.} Is non-specific unlike the adaptive immune response.
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Question 4 continued

d) You have purified a novel protein, which you call Protein R. You want to develop antibodies against
this protein. You inject Protein R into a rabbit and after a month you draw some blood from this rabbit
and determine that the rabbit’s immune system has produced antibodies against Protein R. You wait
for one month and then inject Protein R again into the same rabbit. You observe a stronger immune
response with the second injection than you did in response to the first injection. Why is the primary

immune response slower and weaker compared to the secondary immune response?
] | vy | . [
th Pl Tl gand ronay o mae pemdly  Ugar)
(@I.‘f,u;‘.‘ { /IO L (Ll Y. e " 4 #,

o ] 3 I‘ | ‘ [ 7 N
hic 1y (et e o T TG
1 p VAVLL Y | | 4

e) During the primary and secondary response to an antigen, the B cells of the immune system produce
membrane bound (i.e. IgM class) and secreted (i.e. IgG) antibodies. You isolate the antibodies
produced against Protein R, resolve them on a protein gel based on their molecular weight and obtain
a profile as shown in the schematic below.

1 2 Higher i. Which class of antibodies fsﬁcretgd I3G/ membrane bound IgM)
molecular is present in lane 1 of the protein gel?
weight
Tol
J— ii. Identify the B cell-type (mature/ memory/ plasma cells) that is
] N responsible for producing antibodies shown in...
o * Lane 1 of the protein gel.
Lower [{/,‘fr‘ ,4(— ,({
l mo_leﬁ‘tllar e Lane 2 of the protein gel.
Protein gel Welg bt D ol
YH’M C L (o

iii.  If you compare the structure of the IgM and IgG antibodies that are produced against
Protein R...

 would you expect these antibodies to have the same or different variable regions? Circle the
correct option and explain why you selected this option.

/ " F _[ " P vy )
g(;gp{ — G ;_,{,m"_ng) (f“ | f; g “Egn ) ( /

v

* would you expect these antibodies to have the same or different constant regions? Circle the
correct option and explain why you selected this option.

"Wl 4 (L ) 4l s ¢
JtF Wil — S hyg Q100N g iiny
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Question 4 continued
f) Complete the table for the following cell types.

Cell types Cell-surface proteins participating in Briefly describe their role in the humoral immune
the cell-cell interactions (CD4/ response
CD8/MHC-I/ MHC-II/TcR/antibody)
Ty cells _ JA\ T s
) ﬂ‘ Lﬂ (S ” (f' G an ‘g
Y( i\ ﬂ F p (G0
K_/ 1, 1 I‘ n . ! l -
Ik A ol e L
f‘{ ! :3-‘15"’? o iy [k gad
(], ;'r il A0 T ; l‘p ('5-' %U
Antigen
presenting M“L ?/ 6(5‘{(;- c!f}“! T
cells (APC) ]
QJ(_Q{ 1%l @(ﬁw\ Apiigln o | h
"—”‘HF? T g
- gteg |
Macrophages f J \
f\ H 1 /| ot Ll ! b Tink
i ?‘/-6‘“: ( ¥4 1 ¥ n it . ///:
( F{/ / t' J /

g) All somatic cells types in our body are said to have the same set of genes although each cell type may
express a unique set of genes that provides it with unique functions. However, the genome of the

mature T and the B cells is slightly different compared to the genome of the remaining cells in an
individual. Explain why this may be so.

\ \
M \/k g;blﬁ’ LB -f‘.f)‘;'gf (5 ;‘1 ,-5,14"
— | | ) ;
V ( O) \} \/ L} . /J i.‘“ .5. { "-,;';_IE'

ﬁ\‘)( e (Clom W(( (

) i i
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Solution Key- 2012 7.012 Problem Set 5

Question 1

A single nucleotide polymorphism (SNP) is a DNA sequence variation occurring when a single base
pair in the genome differs among members of a species or paired chromosomes in an individual. By
convention this base pair change is represented as one nucleotide — A, T, C, or G — of the base pair.

The chromosomal position of the PKA gene is diagrammed below, as is the location of two single
nucleotide polymorphisms (SNP1 and SNP2). PKA gene

= Lﬁ P
N A
SNP 1 SNP 2
The pedigree shows the inheritance of SNP1 and SNP2 associated with the PKA gene. The affected
individuals are shaded. Also listed are the alleles of SNP 1 and 2 for some individuals. Note: Assume
individual 3 does not carry the disease allele.

E] C The two letters identify the alleles of the SNP that

SHE1:.CA SN: 1:66 would be found on the “top” strand of each of the two
ENPiEiGe | SHRERGA homologous chromosomes. For example, “SNP 1: C,A"
indicates that on one of the homologous chromosomes
the top strand would contain a C (that is, the
chromosome would have a C/G base pair in this

OT®

; s _ position), while on the other chromosome the top strand
SNP 1: AA | SNP1:C,G  SNP 1: AG 5:p ‘ AG SNP 1 C.q ::2 12: é'é would contain an A (that is, the chromosome would
SNP2:CC | SNP2:GA SNP 2:CC e SN &0 " have an A/T base pair in this position).
@
SNP 1: G,A
SNP 2: G,C SNP 2: C,C
a) What is the most likely mode of inheritance for this disease? Autosomal dominant

P ——————— st

b) Individuals 5 and 6 have no affected children. What is the genotype for individual 6 at the PKA
locus?
Genotype of #6 is “aa”

c) Individuals 5 and 6 have no affected children. Can you predict the genotype for individual 6 at SNP
1 and SNP2 loci (Yes/ No)? Explain why you selected this option.

No you cannot predict the genotype of individual 6 at SNP1 and SNP2 since this individual is coming into the
family and hence may have a SNP genotype that is different from the individuals in this family.

d) Which allele (or alleles) of SNP 1 and SNT2 is linked to the mutant PKA gene in this family? Note:
Assume no recombination.

SNP1: C SNP2: G

e) Briefly describe how you can use the SNP microarrays to determine the SNP genotype of an
Individual.

DNA microarrays are small, solid supports onto which the oligonucleotides that represent the known SNPs in
human genome are immobilized, or attached, at fixed locations. The supports themselves are usually glass
microscope slides, but can also be silicon chips or nylon membranes. The DNA is printed, spotted, or actually
synthesized directly onto the solid support. On the micro arrays the fluorescent- tagged genomic sample of
interest in layered and allowed to hybridize with the oligonucleotides that have complementary sequence. The
arrays are read through a laser detector to identify the SNP genotype of the individual test sample.



Question 2
a) Circle all the correct options from below. The resting membrane potential of a neuron is determined

by...

i ions that can travel freely through channels in the resting neuron
ii. ions that require ATP to cross the resting membrane
iii. unequal distribution of different ions across the neuronal membrane

b) Circle all that apply. An action potential is generated by the passage of ions through...
i.  only the resting ion channels

ii.  voltage-gated ion channels

iii.  G-protein coupled receptors
iv.  only the sodium potassium ATPase pump

¢) Under resting conditions the Na*, Ca**and CI' concentrations are high outside the neuron, K*
concentration is high inside and this is maintained by the action of specific channels and pumps.

i.  What feature of the plasma membrane prevents the free diffusion of ions across it?
It is hydrophobic and therefore prevents the free diffusion of ions across it.

ii.  Is the resting membrane potential observed exclusively in a neuron?
It is a feature of all cells.

iii. =~ Complete the following table for the two channels/pumps that establish and maintain the
resting membrane potential.

Channels/pumps Ions passing Default state Is the ion transport active
through them (open/closed). or passive? Explain.
Open K+ channels K+ Open The ion transport is passive

since the K+ ions move from
the inside of the cell (region
of higher concentration) to
the outside of the cell (region
of lower concentration) down
their concentration gradient
Na+/ K+ ATPAse Na+ and K+ Open It is active since both the
pump Na+ and K+ ions move
against their concentration
gradient and this requires
energy in the form of ATP.




Question 2 continued
d) Different neurotoxins are very often used to study neuronal function. You culture a GABA (an
inhibitory neurotransmitter) secreting neuron in the presence of the following neurotoxins in three
separate petri-plates (A-C)

e A:Neuron is treated with tetraethylammonium (TEA), which inhibits voltage gated K* channels.

*  B:Neuron is treated with tetradotoxin, which inhibits voltage gated Na* channels.

*  C:Neuron is treated with cone snail neurotoxin, which inhibits voltage gated Ca** channels.

A normal action potential in a GABA secreting neuron that has been stimulated in the absence of any
neurotoxin has been drawn in each panel below. Sketch the alteration in action potential following the
treatment of the neuron with each neurotoxin. Note: If there is no change please write “NO CHANGE” on
the graph.

+55 Plate A 55 Plate B 5 Plate C
TEA Tetradotoxin Cone snail toxin
' No change
n\‘u’n mvn "'Vg
' Time (ms) \ Time (ms) ' Time (ms)
=70 j M r -70'60 %— -70 \/—

e) Multiple sclerosis is an autoimmune disorder in which the immune system of the patient attacks and
destroys the myelin sheath of a neuron. These patients show a very slow propagation of action
potentials along the axons of their neurons. Explain why is this so.

The Na+ ions can leak out in the absence of insulation provided by the sheath. This results in slow conduction of
impulse along the length of axons i.e. slow action potentials.

f) A functional neuron may receive both excitatory and inhibitory signals from multiple neurons at the
synaptic junctions. In a post- synaptic neuron, where are the signals from all the pre- synaptic
excitatory or inhibitory synapses integrated and the decision to fire an action potential made? Circle
the correct option from the following choices. Explain why you selected this option.

Cell Body Axon Hillock Myelin Sheath Synaptic Cleft
The voltage gated Na+ channels are responsible for the depolarization phase of the action potential. These
channels are not found in the cell body or the dendrites of the neuron. Instead they are located along the entire
length of the axon starting from axon hillock.



Question 2 continued

g) The following question refers to an experimental design depicted below. There are two excitatory
pre-synaptic neurons that independently converge on a post-synaptic neuron. The two pre-synaptic
neurons can be stimulated individually. In the absence of any stimulation, the recording electrode in
the post-synaptic neuron measures the membrane potential as -70mV.

Recording
#1 Electrode

e N SN

Hillock

If only one excitatory pre-synaptic neuron is stimulated, you record a deviation from -70mV with the
recording electrode in the post-synaptic neuron, but you do not record an action potential. If both the
excitatory pre-synaptic neurons are stimulated, you record an action potential in the post-synaptic
neuron.

i.  On the graph below sketch the changes in the post-synaptic neuronal membrane potential, as
measured by the recording electrode, when only one excitatory pre-synaptic neuron is
stimulated.

+50mV+

(threshold) -50mMV f-wm & mm o w= = m=- o ;= - — —a

-70mV K

=

Time

ii.  On the graph below sketch the changes in the post-synaptic neuronal membrane potential when
both the pre-synaptic neurons are stimulated.

+50mV-

(threshold) -50mV -+

-70mV +=

Time



Question 3

Dopamine is one of the neurotransmitters in the mammalian brain that regulates mood, cognition and
locomotion. Dopamine is commonly associated with the reward system of the brain. Dopamine can be
an excitatory or inhibitory neurotransmitter, depending on the dopaminergic receptor that it binds to.
It is derived from the amino acid tyrosine. At dopaminergic synapses, the released neurotransmitter is
taken back into the pre-synaptic cell for re-use.

a) Beginning with the stimulation of the pre-synaptic neuron, list the steps, in order, that result in a
release of neurotransmitter. Include any relevant channels, ions and molecules specific for this process.
Stimulation of the pre-synaptic neuron generates an action potential, which travels along the length of axon to
reach the axon terminus. The depolarization of the membrane at the axon terminus activates the voltage

gated Ca** channels through which the Ca®* ions flow from outside to inside. These Ca®* ions bind to and activate
Ca®* dependent kinases, which phosphorylate the synapsin protein present on the surface of vesicles containing
neurotransmitters. This triggers the fusion of vesicles with the axon terminus membrane, causing a release of the
neurotransmitter into the synaptic cleft.

b) Clozapine, an anti- psychotic medication interferes with the binding of dopamine to the receptor.
You are studying an excitatory dopaminergic synapse where the post-synaptic cell has receptors for
dopamine. If you treat these neurons with dopamine plus Clozapine, would the likelihood of
generating an action potential in the post- synaptic neuron increase, decrease or not change relative to
the treatment with dopamine alone? Explain.

The binding of dopamine to D2 receptors has an excitatory effect. Treatment of the neuron with clozapine will
interfere with dopamine binding and decrease the likelihood of an action potential in the post-synaptic neuron.

c) The most extensively studied effect of cocaine on the central nervous system is the blockade of the
the protein that binds to dopamine and pumps it out of the synaptic cleft back into the pre-synaptic
neuron. What effect would cocaine have at an excitatory dopaminergic synapse?

Cocaine will have an excitatory effect on the post-synaptic neuron since it prevents the re-uptake of dopamine. So
dopamine can stay in the synaptic cleft for a longer time period, it can bind to the dopamine receptors located on
the cell body of the post synaptic neuron to cause an excitatory effect on the postsynaptic neuron.

d) Serotonin (5-hydroxytryptamine, 5-HT) is an excitatory neurotransmitter. It acts by binding to
several HT receptor subtypes. The 5-HT3 receptor is a Na* channel whereas the 5-HT-2 receptor is a G-
protein-coupled receptor, which leads to the opening of Ca*" ion channels.

i. As the amount of serotonin is increased, circle the option that may change: Amplitude of action
potential/ frequency of action potential/ threshold potential. Provide an explanation for the option
that you have circled.

Frequency of action potential inay increase with an increase in the amount and duration of the stimulus
unlike the amplitude of action potential and threshold potential, which are always constant.

ii. Complete the following table for each of the treatments. Assume that serotonin is present at these
synapses. Note: Consider each treatment independently.

Treatment Action potential in the post-synaptic neuron is more likely or less likely to
occur compared to untreated synapses? Explain your choice.

Prozac, which inhibits the re- | More likely. Serotonin will be available for a longer period to bind to the
uptake of serotonin from the | receptors located on the surface of the post-synaptic neuron.
synapse

Kentasarin blocks the binding | Less likely. Receptor will not be available to bind to serotonin
of 5-HT3 receptor to 5-HT




Question 4

a) The immune system is comprised of different cell types such as the mast cells, macrophages, helper-T
(Ty), cytotoxic-T (Tc), memory B and plasma B cells. From the choices provided, list all the cell type(s) that
would...

i.  Participate in the innate immune response. Mast cells & macrophages
ii.  Bind directly to an antigen circulating in the blood stream. Memory B cells

iii.  Secrete large amount of antibody in response to an infection. Plasma B cells

iv.  Provide protective immunity against second exposure to the same antigen. Memory B& Ty

v.  Show rearrangement of specific gene(s). Memory and plasma B cells, T and Ty, cells.

b) The diverse array of both TcR and antibodies is generated by DNA rearrangement. In addition to the
DNA rearrangement, name the three major processes that contribute to the generation of the TcR and
antibody diversity.

1.Somatic hypermutations, which affect the variable regions of the gene.

2 .Terminal transferase activity which results in adding nucleotides to the V, | and D joining points thus

producing junctional; diversity.

3. Alternative splicing

c) Circle all correct options from the following choices. The innate immune response...
i. Occurs only following the first exposure to an antigen.

ii. Occurs only following the subsequent exposure the same antigen.

iii. Occurs in response to all infections.

iv. Is non-specific unlike the adaptive immune response.

d) You have purified a novel protein, which you call Protein R. You want to develop antibodies against
this protein. You inject Protein R into a rabbit and after a month you draw some blood from this rabbit
and determine that the rabbit’s immune system has produced antibodies against Protein R. You wait
for one month and then inject Protein R again into the same rabbit. You observe a stronger immune
response with the second injection than you did in response to the first injection. Why is the primary
immune response slower and weaker compared to the secondary immune response?

During the primary immune response, the memory B cells, against the specific antigen, are generated. These B
cells express surface IgM molecules against the specific antigen. Furthermore, they can also proliferate to form
more memory B cells and plasma cells that produce the IgG antibody to counteract the antigen infection. During
the secondary immune response, the memory B cells generated during the primary immune response immediately
start proliferating to generate more of their own kind and also plasma cells to counteract the viral infection thus
taking the response faster and stronger compared to primary response.



Question 4 continued

e) During the primary and secondary response to an antigen, the B cells of the immune system produce
membrane bound (i.e. IgM class) and secreted (i.e. IgG) antibodies. You isolate the antibodies
produced against Protein R, resolve them on a protein gel based on their molecular weight and obtain
a profile as shown in the schematic below.

1 2 | Higher i. Which class of antibodies (secreted IgG/ membrane bound IgM)
molecular is present in lane 1 of the protein gel?
___ | weight Secreted IgG antibody

ii. Identify the B cell-type (mature/ memory/ plasma cells) that is
— responsible for producing antibodies shown in...

* Lane 1 of the protein gel. Plasma B cells

Lower * Lane 2 of the protein gel. Mature & memory B cells
molecular

Protein gel  weight

iii.  If you compare the structure of the IgM and IgG antibodies that are produced against
Protein R...
* would you expect these antibodies to have the same or different variable regions? Circle the
correct option and explain why you selected this option.
They will have the same variable regions both for the heavy and light chains which will join together to form the
same antigen binding site that binds to the antigen.

* would you expect these antibodies to have the same or different constant regions? Circle the
correct option and explain why you selected this option.
They will have different constant regions since these regions are different in different class of antibodies and are
added by class switching. The constant region of IgM will allow it to be a membrane protein whereas those of IgG
will allow this to be a secreted protein.

f) Complete the table for the following cell types.

Cell types Cell-surface proteins participating in Briefly describe their role in the humoral immune
the cell-cell interactions (CD4/ response
CD8/MHC-I/ MHC-II/TcR/antibody)

Ty cells CD4 and TcR Recognize the antigen presented by the APC

through MHC-II molecules. Secrete cytokines that
are immuno- modulatory molecules and promote the
proliferation of the memory B cells specific for an

antigen.
Antigen MHCII Internalize and process the antigen and present
presenting processed antigenic fragments on thir surface
cells (APC) through MHC-II so that they are recognized by
specific Ty cells.
Macrophages | Tail or Fc portion of the antibody Function as an APC. Engulf and degrade the
molecule bound to the antigen. antigen that is coated by the 1gG molecules secreted

by the plasma B cells.

g) All somatic cells types in our body are said to have the same set of genes although each cell type may
express a unique set of genes that provides it with unique functions. However, the genome of the
mature T and the B cells is slightly different compared to the genome of the remaining cells in an
individual. Explain why this may be so.

The TcR gene in the T cells and the Antibody | Immunoglobulin gene in the B cells have undergone DNA
rearrangement which accounts for why their genome is different compared to the genome of the other somatic cells
in the same individual.
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7.012 Recitation 15 - 2012

Main concepts from Lectures 22-24

The immune system protects the body from foreign entities that have invaded it, such as bacteria and
viruses. It does so by making proteins called antibodies, which recognize and direct an attack against
foreign entities, which are often called antigens. A person’s body produces billions of different
antibodies. Many of these randomly generated antibodies have the potential to recognize proteins that
are made in one’s own body. The immune system however has a way of distinguishing antibodies that
act against “self” antigens from that against “non-self / foreign” antigens. It does so by destroying or
preventing the proliferation of any antibody-producing cell that recognizes a self-made antigen.

Our bodies make billions of different antibodies. These are proteins and thus are encoded by genes.
However, our genomes contain less than 30,000 genes. So it is not possible that we would have a different
gene to encode for each different antibody that we generate. The explanation for this is that there is a
cluster of segments of genes (called V, D, and ] segments) in the section of the genome that encodes
antibodies. Every antibody-producing cell rearranges these DNA segments to join one V segment to one
D segment to one ] segment, thereby creating one gene that makes one antibody. Every different
antibody-producing cell rearranges this cluster of DNA segments differently. Thus all antibody-
producing cells contain only one gene that encodes an antibody, but every cell contains a different
arrangement of that gene thus leading to antibody diversity. Other than cells of immune system, every
cell in your body contains the exact same DNA as every other cell because no such rearrangement occurs.

The immune system provides humoral and innate immunity. There are three important cell types that
play critical roles in the humoral arm of the immune system — phagocytic cells, B cells and helper T cells
(Ty). When a phagocytic cell encounters a foreign particle in the body, it eats that particle and displays
pieces of the particle on its surface using the cell-surface display protein MHC class II. A Ty, cell has a
protein on its cell surface called T cell receptor (TCR). Every T, cell has a different TCR that recognizes a
different antigen (because every Ty cell rearranges the TCR gene in the genome differently, in a
mechanism similar to VD] joining). If a Ty; cell encounters a phagocytic cell displaying the antigen
recognized by its own TCR, then that Ty, cell undergoes clonal expansion. The many T, cells of this kind
then go searching for a B cell that recognizes the same antigen as that Ty, cell. If the T, cells find the right
B cell, then that B cell undergoes a clonal expansion. These B cells make secreted antibody that
recognizes and attack the foreign antigen.

The immune system displays memory; we know this because the second time the immune system
encounters an antigen, the response of B cells and T cells is faster and stronger. The principle behind
vaccination is to expose an organism to some of the antigens of a harmful foreign particle that will spark
the immune system’s memory in case the actual entire foreign particle ever invades that organism.

Another type of immunity is the innate immune response. This response is however not antigen - specific
and does not generate immune memory. This commences immediately upon pathogen entry and
involves phagocytes and cytotoxic T cells (Tc). If the phagocytes cannot rapidly eliminate pathogen,
inflammation is induced with the synthesis of cytokines and acute phase proteins.

Questions:

1. Viral infections can be treated using anti-viral drugs, or they can be prevented in the first place through
the use of vaccines. Some vaccines are just injections of viral particles that have been inactivated in some
way (such as extreme heat). Other vaccines are injections of a single viral protein that has been purified
and produced using recombinant DNA techniques. How does a vaccine work?



2. Each one of your gametes contains 3 X 10” base pairs of DNA in its nucleus. How many base pairs of
DNA are contained within:

a) Each nerve cell?

b) Each antibody-producing white blood cell?

¢) Each red blood cell?

3. The cellular arm of the immune system employs cytotoxic T lymphocytes (Tc) and natural killer cells.
The TC cells can recognize the viral infected body cells.

a) What proteins are involved in the presentation of the antigen to the Tc lymphocytes?

b) Explain why the Tc lymphocytes do not recognize an infected cell if the virus is latent
i.e. viral capsid protein does not occur.

4. Shown below is a schematic of the production of a heavy chain polypeptide for an antibody. At the top
is the chromosomal arrangement found in an immature B cell, at the bottom is shown the heavy chain
polypeptide.

i. Label the process indicated by each arrow. Choose the one best option for each from:
homologous recombination , transcription , translation, translocation, ligation, DNA rearrangement, splicing

ii. Indicate on the diagram below where you would expect to find each of the following components:
Promoter (*), Transcriptional terminator (1), start codon (2), stop codon (3)

iii. Indicate on the diagram below the variable and the constant region of the heavy chain and the N
and C terminus of this polypeptide.

V segments D segments ] segments constant segment
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Samin Houshyar
Recitation 16
R27 & R28

L. Using Genomic Data to for Diagnosis and Treatment

II. Stem Cells

What is a stem cell?

Two properties define a stem cell: ability to renew self and generate new cell types

Types of division:

self-renewal

el

Symmetric Asymmetric
self-renewal

@

@

Cl

Fig. 3. Manners of HSC division

Symmetric Three postulated manners of HSGC division
Differentiation are shown. Symmetric self-renewal divigion
occurs when the two daughter cells both are
H3Cs. Asymmetric self-renewal division
occurs when one daughter cell is an HSC and

O /' the other is a progenitor. Symmetric

\ differentiation occurs when the two daughter
o, cells both are progenitors. It is very

important to show that these events actually

take place and to determine what controls
these divisions.

Uy

How can a cell undergo asymmetric division?

A)

Symmetric Division

Parent

Daughter 1 Daughter 2

B Asymmetric Division

Parent

Parent Daughter 1



Differentiation

What is the difference between committed and differentiated?

Self renewing
stom cells

Oligofendrocyte Astrocyte

Transient Amplifying Cells

Lineages

Samin Houshyar
Recitation 16
R27 & R28



Potency

Stem Cell Niche - determines potency and fate of stem cells

Experimental Techniques

1. Reconstitution Experiment

2. Pulse Chase Experiment

Samin Houshyar
Recitation 16
R27 & R28



Samin Houshyar
Recitation 16
R27 & R28

I1I. Development

létion _
- Blstopord Gastrula
€ 2002 The Pennsylvania Statc University

: -
Gastru

Embryonic vs. Adult Stem Cells



Induced Pluripotent Stem Cells (iPS)

IV. Cloning

Somatic Cell Nuclear Transfer

Dolly the Sheep

Reproductive vs. Therapeutic Cloning

Chimeras

Samin Houshyar
Recitation 16
R27 & R28
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future Governor of California?

Major question: How do you go from a fertilized egg to a Development Has Two ASpeCtS
Growth and Proliferation s 7

(PP
-0 — P &%

Differentiation

v~

&

The process of differentiation represents, almost always the
acquisition of tissue-specific, specialized traits, which is achieved
by changes in gene expression rather than changes in the _structure
of the DNA genome and its nucleotide sequences.

Progressive Differentiation Progressive Differentiation

As this differentiation proceeds, the cells
become committed to an increasingly narrow
range of developmental options, i.e., their
developmental potential becomes increasingly
constrained.

Early embryo

Early embryo

/ . Endoderm cell
W Endoderm cell —

K Pancreatic bud cell

e Pancreatic bud cell o o3 Endocrine pancreas cell

o widh Endocrine pancreas cell e o D

Each of these cells is el
0 formally a stem cell, in that it Bifietce

m can self-renew and can also spawn -
i i _—
B islet cell more differentiated daughters. e }



DNA
microarray

different
genes

high expressior]

I avg. expression

——cells from different tissues ——

Different
cell types
express
different
sets of
genes

' The behavior of stem cells
| (two equivalent graphic notations)

stem cells

Note that the
two daughters
are different

74
® OR C?

.AQ

differentiated cells

Figure 11.16a The Biology of Cancer (© Garland Sclance 2007)

Gene expression clusters and histologic differentiation within lung adenocarcinoma
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self-renewing
Hierarchical J stem cell
organization of many

normal tissues

transit-

amplifying
cells

post-mitotic differentiated cells

Flgure 11,16b The Biclogy of Cancer (© Garland Science 2007)

AR Clinical Cancer
=== Research



Symmetric vs.
Asymmetric divisions

growth of

organ, increase
in stem cell

number,
symmetric
divisions

—

2 different graphic ways of
depicting stem cell self-
renewal

amplifying

In most tissues, the daughter that
does become a stem cell does not
immediately differentiate.
Instead, it generates a clone of
exponentially growing, partially
differentiated cells termed
“transit-amplifying” or
“progenitor” cells; after a limited
number of divisions, these transit-
amplifying cells differentiate into
fully differentiated, post-mitotic

cells.

C
/\
¢ C

/\

¢
/\

©
/\

(#] #] #] ¥
/\

maintenance
of organ size,
constant
number

of stem cells
asymmetric

©C
/\

©C
/\

divisIoEs @ &w

Figure 12.3c The Biology of Cancer (© Garland Science 2007)

Stem cell asymmetric divisions are likely due to contact with certain
Other cells that form the stem cell “niche”.

ligand

stromal
cell

\Niche-forming

cell

STEM CELL DIVIDES

transit
amplifring
cal stem cell

¥
COMMIT TO STEM CELL
)IFFig'E:‘N‘;IéATION MAINTAINED

*igure 22-36. Molecular Biology of the Cell, 4th Edition.

Two Essential Properties of Stem

Cells

This daughter This daughter
cell beco%nes a TN stemcell «— motherstemcell | cell has
cell justlike [~ ° ° decided to
mom. become
k i different from
v e mom.
Self-renewal

/ z\dmjmnﬁaﬁm
) R

Specialized cells

By self-renewing (making daughter-cell copies of itself), a
stem cell can ensure that the pool of stem cells remains

constant in a tissue. (pool = collection of similar cells)



Two Essential Properties of Stem
Cells
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Specialized cells

LOn the road toward differentiation |

Note that one of the daughter cells of the stem cell has
undertaken to differentiate, and having done so, can spawn

at least 3 distinct types of differentiated descendant cells.
(Such a cell is termed “oligopotent” because its has the potential to
spawn several (oligo-) distinct differentiated cell types.

The Ground Rules:
Stem cells can do two things:
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The Ground Rules:
Stem cells can do two things:

1. They can make more copies of themselves

— 2. They can differentiate
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Once again, the dichotomy between
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An example of a multi-potent stem cell: hematopoiesis
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Epithelial self-renewal in
the small intestine

One stem cell type
makes at least 3 kinds of
differentiated progeny
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-~ An example of a multi-potent stem cell: hematopoiesis
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They indicate that when a mother cell divides, one of its two daughters can assume
a phenotypic state identical to the mother state (i.e., self-renewal) while the other
cell may enter into a new phenotypic state, e.g., one leading toward differentiation.

A crypt
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cell cycle arrested,

differentiated cells APC or B-catenin
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future polyp formation

proliferating,
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B-catenin: Tef/Lef stem cells
target genes
ind::fezfymu (stay here)

bottom of crypt

Figure 7.24a The Biology of Cancer (© Garland Science 2007)
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Both the small intestine/duodenum (left) and the large intestine/colon (right), have
crypts -- deep pits (white arrowheads). At the bottom of these crypts are stem
cells that continually generate progenitor cells that move up the walls of the crypts
and then up the sides of the villi (fingerlike-projections, arrow left panef) and in
direct contact with the contents of the intestine. These cells n! live a day or two

The outer

Villi epithelial
: cell layer is
Protrudmg Baanmt mantrane. B - continuously
into the lumen vipiy turning over

of the small
Intestine (increase
surface area of
epithelium to
maximize absorption.

goblat call



Each of us makes and sheds ~300 gm. Of
epithelial cells in gut every day! (1 gm = ~10 cells)

Stem cells sit at the bottoms of

(5] small lr:tmlna

Differentiated
cells (blue)
move up and out
and die in 4-5 days

cell position ~ 4
Paneth cells

crypts, protected by a thick

plug of mucins (purple).
B)

Both the small intestine/duodenum (left) and the large intestine/colon (right), have
crypts -- deep pits (white arrowheads). At the bottom of these crypts are stem
cells that continually generate progenitor cells that move up the walls of the crypts

and then up the sides of the villi (fingerlike-projections, arrow left panel) and in
direct contact with the contents of the intestine. These cells

] Why do these cells live for only 4-5 days?
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epithelial cells in gut every day! (1 gm = ~107 cells)
=3 x 10" cells per day = 10" cells per year = ~6 x 10!%
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Why are the crypts lined
with plugs of mucins?
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There are yet other ways to protect stem cells:
Minimize the number of successive divisions that a
stem cell passes through in a lifetime!

Their genomes 4

don’ t matter 0000 0D@®

. @-s:lf—renﬁwing
G // o ]
: A

SO BSSY
. 00000000

post-mitotic differentiated cells

Figure 11.16b The Biology of Cancer (© Garland Sclence 2007)
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frequent mitosis post-mitoticcells
exposed
to toxic agents

only need to divide
occasionally,
minimizing their
accumulation of
mutations due to
misreplication of DNA.
Hence, the genomes of
the cells that remain
permanently ensconced
in the tissue are
protected from
replication-induced
mutations.

(Stem cells may also be
physically shielded
from exposure to toxic
agents, such as
mutagens.)
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Note that the rapid evacuation
of differentiated cells (via
their outward migration over
4-5 days) ensures that any cell
that happens to sustain a
mutation will soon be
jettisoned anyhow, so that its
mutant phenotype becomes
irrelevant/moot.

This is a powerful strategy for
minimizing the accumulation
of mutant cells and thus the
formation of intestinal tumors.

Lgr5-Driven GFP Expression in
Crypt Base Columnar Cells:
a way to label stem cells

Barker & Clevers



To return to our theme:
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Figure 7.24a The Biology of Cancer (© Garland Sclence 2007)
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Figure 7.24a The Biology of Cancer (© Garland Science 2007)
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Y Usually, the progeny of the
) stem cells, which are
: themselves not totally
differentiated (but on the
road to being so) are called
“progenitor cells”.
Usually, the progenitor
cells and their
differentiated progeny
spend ~4-5 days moving
out from the crypt before
their differentiated
descendants are sloughed
off into the lumen (cavity)
of the gut.

An intact APC
protein is required
in order to ensure
that these
progenitors
continue their
upward migration

\ Here is an example
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Figure 7.24a The Biology of Cancer (© Garland Sclence 2007)
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Note that the rapid evacuation of
differentiated cells (via their outward
migration over 4-5 days) ensures that any
cell that happens to sustain a mutation will
soon be jettisoned anyhow, so that its mutant
phenotype becomes irrelevant/moot.

(A) small Igtntlnl

Differentiated

cells (blue) This is a powerful strategy for minimizing
move up and out the accumulation of mutant cells and thus the
and die in 4-5 days villus formation of intestinal tumors.

cols In order for intestinal tumors
to arise, they must evade this
forced evacuation process by
protecting cells from this
evacuation, i.e., by trapping
cells in the crypts. The
descendants of those trapped
cells can accumulate
additional mutations and still
remain in the crypts.

cdl position ~ 4
Panath calls

Here is an example of a large
kindred in Utah that has
inherited as a Mendelian
determinant a defective
version of the APC gene.
Individuals with the filled
circles/squares developed

colon cancer.
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Figure 7.23 The Biology of Cancer (© Garland Sclence 2007)
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for the continued
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This explains why the initial mutation in the series of mutations leading
to a colonic tumor (carcinoma) is almost always an inactivation of the
APC tumor suppressor gene.




Stem cells in other organs as well

Figure 12.5e The Biology of Cancer (© Garland Science 2007)

Pluripotent cells = ES cells = embryonic stem cells (vs. adult stem cells)
Hence, as development proceeds, a cell that has the potential to make all types of cells (totipotent),
including the entire embryo and the placenta, generates a cell that can only make cells of the embryo
(pluripotent),which then generates a variety of “adult stem cells” that are committed to only make
the cells in one or another adult tissue (multipotent, oligopotent). Therefore, as development

proceeds, cells progressively narrow the range of cell types that they can spawn.

(earl
Sources of Stem Cells
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|

This cell can make l
all the cels in the 1
embryo + placenta
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i oligopotent cells

Embryonic

stem cells

These cels are committed to
making the muliple cell types
residing within a tissue.
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Figure 12.51 The Biology of Cancer (© Garland Science 2007)

Embryonic Stem (ES) Cell Derivation

Cleavage -stage embryo

ICM = inner cell mass

Sl
Cells dissociated
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cultures of ES cells

ES cells are pluripotent



How can one demonstrate that ES cells are pluripotent? Inject
ES cells|from a black-coated mouse into the blastocyst of a

developing embryo, creating a chimera, some of whose cells come from the
white-coated embryo and and some from the introduced black-coated ES

Implantation Gastrulation
(4d) (7d-9d)

plurip
blastocyst of a white- coated mouse, These whlte-coar.ed cells will [ntegrate into the developing embryo,

creating a chimera, some of whose cells come from the white-coated embryo and and some from the

introduced black-coated ES cells.

When you now breed the chimeric mouse with a white mouse, since some of the black-coated cells will have
integrated into the gonads (testes or ovaries), some of the gametes will now transmit the chromosomes
deriving originally from the initially introduced black-coated ES cells.

The fact that some of the offspring of the cross between a white and a
chimeric animal have black coats indicates that the descendants of the
previously introduced ES cells have become established in the gonads of the

Implantation QGastrulation
{ {7T9-9d)

Chimera bomn
(19d)

(B wK)

I Breed chimera

ES cell-derived mouse

How can one demonstrate that ES cells are pluripotent? Inject ES cells from a black-coated
mouse into the blastocyst of a white-coated mouse. These white-coated cells will integrate into
the developing embryo, creating a chimera, some of whose cells come from the white-coated
embryo and and some from the introduced black-coated ES cells.

When you now breed the chimeric mouse with a white mouse, since some
of the black-coated cells will have integrated into the gonads (testes or
ovaries), some of the gametes will now transmit the chromosomes deriving
originally from the initially introduced black-coated ES cells.

lmpmmmm Gastrulation
@d) T 7d9d)

ES cel-derived mouse

cavity
neural ectoderm of gut

endoderm

of gut roof mesoderm

Figure 2.5a The Biology of Cancer (© Garland Science 2007)



In fact, when ES cells are injected into a host mouse they can

Hence, a mouse ES cell is pluripotent, and can make all of the

cell types deriving from the three major layers in the embryo. form a (usually benign) tumor th.at has sectors resembling a
(ectoderm on outside of early embryo, mesoderm in the middle, endoderm variety of distinct normal adult tissues. (further evidence of the
most internal) versatility of ES cells)
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Human development: a stem cell hierarchy
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As each tissue forms, its formation is accompanied by,
indeed enabled by the formation of tissue-specific stem cells,
i.e., stem cells that have become committed to producing the

differentiated cells of one or another tissue. Hence, the
pluripotent ES cells generates a variety of multipotent or oligopotent
tissue-specific stem cells.

Back to adult stem cells:
Possibly the most versatile of the committed “adult” stem cells is
the hematopoietic stem cell (HSC), which can become any of a
variety of alternative cell types forming the blood and immune

e

0 - O NK cells

e ONeutrophil
00— 0O— a Macrophage

N : % 0 —» Deosinopni
\

— . 0—0— @Erythrocyte

\ 0 al\negakaryocyte
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To summarize:
Embryonic stem (ES) cells versus adult
stem cells (such as an HSC)

ES cells Adult stem cells
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Isolated from adult
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T — i
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Multipotent stem cells: hematopoietic stem cell spawns cells
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Figure 22-30 part 2 of 2. Molecular Biology of the Cell, 4th Edition.



Experiment of Till and McCulloch (1961): Irradiate a mouse so that
How can we prove that there is a single hematopoietic its existing hematopoietic tissues are effectively eliminated. In the
stem cell (HSC) type that can generate all of the cell absence of further intervention, such a mouse will soon die --hence

types that form the blood and immune systems? the termilethalyjitadiatecimon; 8

/ 4

HSC was first stem cell to be isolated and @f‘)
"Wz Implant

studied
Syngeneic BM
Most of what we know about stem cells 54

comes from studies with HSCs l
First and only stem cell used in the clinic ‘@ @

Discovered by Till and McCulloch in 1961 N orit s e e

Donor bone marrow cells become engrafted in recipient mouse.

Experiment of Till and McCulloch (1961): Irradiate a mouse so that

its existing hematopoietic tissues are effectively eliminated. In the In addition to repopulating the bone marrow of the recipients, the
absence of further intervention, such a mouse will soon die --hence donor syngeneic BMCs (=bone marrow cells) will form discrete

the term “lethally irradiated mouse”. colonies in the spleens of the transplanted recipient mice.

f z{g A
Now, all of the % Syngeneic BM \

_.;_.,4.2 ) hematopoietic cells in A Y
the recipient mouse will N F

Syngeneic BM derive from the
ek syngeneic donor. 8-12 days
v

ke

Mouse lives Mouse dies

spleens of recipients .
Till and McCulloch Radiat.Res. 1961




A demonstration of the clonality of a spleen nodule -- that it is a
clonal outgrowth derived from a single multipotent stem cell

Cells within single nodules are heterogeneous

red cells, platelet progenitors and granulocytes -
ultiple distinct hematopoietic cell types

Weakly irradiate donor mouse (i.e., to mark its
chromosomes rather than to kill BMCs)

1. Weakly irradiate BMCs in
order to induce random,
unusual chromosomal
aberrations in each cell
(leaving each cell viable,
however).

Motive: to mark each donor 19.15)
BMC with its own characteristic
chromosomal mark -- each Following weak irradiation each bone
donor BMC cell is marked marrow cell has a characteristic,
differently. unique chromosomal abnormality

A single
spleen
nodule

Multipotency

The spherical shape of individual spleen nodules suggested that
each nodule was from a single founder cell, i.e.,that each nodule is a clonal
outgrowth (i.e., all the cells in the nodule are descended from a single

founding cell). How can we prove this?

A demonstration of clonality of the clonality of a spleen nodule --

that it is a clonal outgrowth derived from a single multipotent 4.  Find that all cell types within a single spleen colony
starnicall (red cells, platelets, granulocytes) have the identical

chromosomal aberrations (note small arrows),

2, Transplant the Spleen
radiation-marked cells colonies
Into lethally irradiated /

host.

=y * ) *—’ iy * e
1. Weakly irradiate BMCs in
order to induce random, 3. Analyze the >( \[f H )( n
unusual chromosomal karyotype (chromosomal

aberrations in each cell array)

\
(leaving each cell viable, of all cells within an “3( \lf H ]( “ ﬂ ” ﬂ Tf .ﬂ 11 “\

however). Individual spleen colony.
ii i It 1{‘ LAY 'if
4. Find that all cell types within one spleen colony (red cells, platelets, ]'f ﬂ “ 1o -

granulocytes) have the identical chromosomal aberrations (note small arrows), e e P

Hence, each spleen nodule is a monoclonal ou.tgrowth and is founded by a A H T R T | TR e e
single multipotential founder cell -- a hematopoietic stem cell. e S i .ence. e : P ; odauie 1 monociona ou.gr.o and | eabya
single multipotential founder cell -- a hematopoietic stem cell.

Multipotency




First demonstration of stem cell self-renewal

g
FO o7 ) ——

Transplant the ¢
cells from an
initially formed
spleen colony into
a 2nd lethally
irradiated mouse

Self-renewal

A single colony, upon secondary transplantation, gives rise
to multiple functionally equivalent colonies. Hence, a single
HSC, upon transplantation, can make more copies of itself.

Oligopotential mesenchymal
stem cell

\ fibroblast

bone cell
{(osteoblast/osteocyte)

cartilage cell
(chondrocyte)

smooth muscle cell

fat cell
{adipocyte)

Figure 22-45. Molecular Biology of the Cell, 4th Edition.

Figure 45.20 The Retina

Other examples: Oligopotential adult stem cells: the eye
One stem cell can generate multiple differentiated cell types
To optic
nefransparent neurons Photoreceptors

N — Pigmented

Cong Rqd epithelium

Axohs  Ganglion

ganglion cells

Horizontal
cell

The oligopotential stem cell in the retina is not really an
“adult” cell; it is a committed, lineage-specific stem cell.

Oligopotential stem cells: the brain
One stem cell can generated multiple specialized neu o/nal cell types

Figure 21-89. Molacular Biology of the Cell, 4th Edition.
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Figure 11.16b The Biology of Cancer (© Garland Science 2007)
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Let’ s return now to developmental biology aka embryology
An early vertebrate embryo

Animal pole

Skin, nervous

system &Ectoderm

Muscle,
connective tissue

Grey
hematopoiesis

Gut, stomach,
crescent

pancreas, lungs,
liver

Vegetal pole

In a chordate embryo (e.g., a vertebrate like us) the cells in
an early embryo already are destined to form a variety

of specialized cells in the future organism, i.e., they are
committed to enter into one or another differentiation lineage.

Later in embryogenesis, the major cell layers have been laid out
but these are still relatively undifferentiated and each of these
cell layers then differentiates into specific cell lineages.

neural crest {(ectoderm)

somite (mesoderm
neural tube (ectoderm) LAl s )

notochord (mesoderm)

gut cavity {lined
by endoderm)

tail bud

lateral plate mesoderm
endoderm and yolk

epidermis {ectoderm)

Figure 21-70. Molecular Biology of the Cell, 4th Edition.

fertilized egg

ANTERIOR . POSTERIOR

neurons
pharynx
other) J

How irreversible are the commitments made
by early embryonic cells to become the
precursors of one or another embryonic
lineage?

{muscles
skin
neurons)

and other ‘ tEgut)

body parts}

{muscles}
Py
(germline)

Figure 21-19. Molecular Biology of the Call, 4th Edition.

Early embryonic cells are plastic, i.e. they are not irrevocably
committed to enter one or another differentiation lineage

Question: Is the fate of a cell in the early embryo already determined?
METHOD

Early frog embryo with

several hundred cells
Donor

Cells from one part L—**—-Tis.sue: transplant
of an early embryo

can become reprogramme
if they are inserted into

other parts of the embryo

d | Experiment 1 Experiment 2

Btw, this indicates that the
environment/surroundings of
a cell in an embryo influences
its commitment decisions. :

Conclusion: Cell fates in the early embryo are not determined, but
can chanee devendine on the environment. o



in all phyla. Cell
lineages in the
C. elegans worm

Such commitment
decisions are made

As development
proceeds, stem i
cells become i ]

increasingly committed to ||

become specific j‘
. . bbb o M
differentiated cells types cuiema
calls
i lab  pb m Dfd Scr (Az} Ani Ubx sbd-A Abd-B
B e s T e 8
.r:!llr ol HmIH:!xJMuSHole(IxJ Hox8 {central) Hf'g‘{poufriall
Remarkably, each of the genes Hox comglex i1
in a Hox gene cluster is specialized
mammalian
to program the subsequent developmentitexcomsior [, |\, 3, 45 T W aw an AW
of one or another early embryonic HOXA — 1 = .
(head-to-tail oriented) segment, and 10X8 G — W} it
the order of these genes in the Hox i L B S
cluster is co-linear with the physical Hoxe
segments along the head-to-tail axis s & - o s B L
of the embryo itself! Figure 21-45 part 1 of 2. Molecular Blology of the Cell 4th Edition.
More astounding, the same head-to-
tail organization, mediated by similar HEEHOF posterior

Hox gene clusters, characterizes our
own (chordate/mammalian) embryos,

a vestige of the time when our common
ancestor with the fly 600 MM years ago
when we and flies arose from a mesoderm
common segmented-like worm BT
ancestor

posterior

Figure 21-45 part 2 of 2. Moleculor Blology of the Coll, 4th Edition.

These commitments are also made along the head-tail lineage of
many metazoa

embryo

Fly larval embryo

internalized
in larva

newly hatched

larva
Figure 21-26. Molecular Biology of the Cell, 4th Edition.
Even in the adult, decisions about differentiation are
: : ; et i )
continually being made in certain tissues! Enucleation =
ejection of cell
nucleus
erythroblast

I

Increasing

differentiation

Let’ s examine the dynamic regulation of

how one arm of the hematopoietic system

is regulated in the adult -- that involved in

erythropoiesis, the manufacture of red blood

cells/erythrocytes. Erythrocyte
(= red blood
cell) precursor

- Bpm =
Figure 22-37, Molecular Biology of the Cell, ¢th Edition.



Let’'s turn now fto a related area: The
quest for eternal youth!

Enucleation =
ejection of cell
nucleus during red
cell development

Increasing

differentiation
The rate of cell division and of cell production

through this arm of the hematopoietic system is

regulated in adults -- it changes in response to

physiologic needs. /51:«\ - | T . ¥ AT s :
Figure 22-37. Molecular Biology of the Cell, 4th Euition. —— i
the E

Erythrocyte The Fountain of Eternal Youth-- Lucas Cranach lder
(““Ilred blood Will stem cell research offer what he dreamt of?
e A Can one regenerate damaged or aged human tissues/organs?

Degenerative Diseases

The goal stem
cell research?

Can one use the potential of stem cells, Alzheimer’s — Forebrain neurons
such as ES Cells* fo provide cells for
“customized” tissue repair in damaged or Parkinson’s — Midbrain neurons
degenerated tissues, including those
weakened by aging and/or degenerative ALS — Motor neurons
diseases?

Cardiovascular diseases — Cardiac muscle cells
*Remember that ES cells have not yet made

commitments to any tissue-specific or Type | diabetes — Pancreatic 3 cells
cell-type-specific lineage.

D. Melton




What Is the goal stem cell research?

Using the potential of stem cells, such as ES Cells fo provide cells
for “customized” tissue repair in damaged or degenerated
tissues, including those weakened by aging and/or
degenerative diseases.

The main thrust: to replace damaged or missing cells
[ ::: S within a tissue by introducing “fresh” cells into
that tissue, including those not damaged by

organismic aging.

drugs, a foreign donor organ will

be rejected by the immune system.

In the absence of immunosuppressive

What is the goal stem cell research?
Using the potential of stem cells, such as ES Cells fo provide cells for “customized”
tissue repair in damaged or degenerated tissues, including those weakened by aging

and/or deg ative di:
The main thrust: to replace damaged or missing cells within a

tissue by introducing “fresh” cells into that tissue, including
those not damaged by organismic aging.

Major problem: Most sources of tissue will derive from
non-syngeneic (genetically non-identical) sources, such
as organ donors. Such tissues will be histo-

[:> incompatible because they will display different sets of
MHC molecules on the cell surfaces; without lifelong
immunosuppression, such implanted cells will be
rejected by the immune systems of the recipients.

What is the goal stem cell research?

Using the potential of stem cells, such as ES Cells fo provide cells for
“customized” tissue repair in damaged or degenerated tissues, including
those weakened by aging and/or degenerative diseases.

The main thrust: to replace damaped or missing cells
within a tissue by introducing “fresh” cells into that
tissue, including those not damaged by organismic
aging.

Major problem: Most sources of tissue will derive from non-
syngeneic (genetically non-identical) sources, such as organ
donors. Such tissues will be histo-incompatible because they
will display different sets of MHC molecules on the cell
surfaces; without lifelong immunosuppression, such implanted
cells will be rejected by the immune systems of the recipients.

Major solution: Take cells from a patient’s own body,
convert them into undifferentiated stem cells of various
sorts, and then reimplant them into the patient, hoping
they will differentiate properly in the patient’s tissues.
Alternatively, the cells can be induced to differentiate in
vitro prior to implantation.

=




The interest in stem cells has grown exponentially

Publications on stem cells
over the last 20 years
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Plasticity in vivo of early embryonic cells

soction of

fortilized 2 colls morula 16 calls blastocyst i
PR ——Boells —— Bo ES cells derived from
mouse egg 144 days Wedays | SUevE ddays genetically distinct
strain of mice
==
) & & @
\ | .
;%ﬁ:éd. Nl and : recipient blastocyst
paternal pronuclei trophec-

toderm

clump of ES cells

holding i in micropipette

suction
pipatte

ES calls injected
into blastocyst

from one inner cell mass'can be injected
into a blastocyst of another embryo and
become incorporated into the cells of

that embryo. The fact that these introduced ES

cells can form any and all the organs of a mouse

indicates that they are pluripotent. (They’ d be
totipotent if they could also form the placenta, which they

injected cells become
incorporated in inner
cell mass of host
blastocyst

blastocyst develops

C‘ & in foster mother into
| @ A ahealthy chimeric
mouse; the ES cells

may contribute to
any tissue

'
can t.) Figura 21-86. Molacutar Blalogy of the Call, 4th Edition.

Recall early mammalian development -- blastocysts

ol e section of
fertilized 2 cells 16 cells blastocyst
mouse egg " 11, days _'géeélfy;—'_’ 3days — ~ 4days

RS
zona/

pellucid trophec-

toderm

Figure 21-83. Molecular Biology of the Cell, 4th Edition.

Plasticity (multipotency) of ES cells prepared from the inner cell mass can
also be demonstrated by inducing these to differentiate in vitro under

various conditions.
retinoic =~ .
acid insulin, thyroid hormone @

adipocyte

%
macrophage colony- interleukin-3,
stimulating factor, interleukin-1 Q

retinoic acid

cells of inner cell mass |-

cultured dibutyryl cAMP, macrophage
early embryonic retinoic acid i
embryo stem cells R
hlastocyel fibroblast smooth muscle cell

Hence, if we knew the
correct “contextual
signals, we could in

growth

| factor )3&7
fibroblast fibroblast
growth growth

factor 2, factor 2, astrocytes

principle make many of epidermal  platelet-derived and oligo-

the specialized cell types growth growth factor  dendrocytes
factor

in the body.

o Cigure 22-57. Molecular Biology of the Cell, 4th Edition.



Plasticity (multipotency) of ES cells prepared from the inner cell mass can
also be demonstrated by inducing these to differentiate in vitro under

various conditions. Lﬂl‘;‘mu insulin, thyroid hormone
“ i o
engraft -- to become T P
cells of innor cell mass i

established as a graft in
an organism’ s body

Ay

Syt
macrophage colony- interloukin-3, ¥ -~
stimulating faclor, ~ interleukin-1  _/

el

o L
A culturod dibutyryl cAMP,
ity embryonic | retinoic acid i
embryo stem calls
‘blastocyst) fibroblast srncih
growth
{factor _,W:
fibroblast hbroblast il 1
growth growth 01 ¢
{actor 2, factor 2, astrocytes
epidermal  platalet-derived  and oligo-
rowth growth factor dendrocyles
actor

Hence, if we knew the
correct “contextual
signals, we could in
principle make many of
the specialized cell types
in the body.

“igura 22-57. Molecular Blology of the Cell, dth Edition.

If these were histocompatible with
tissues from your own body, they
could be transplanted in and might
engraft without the need for
immunosuppression!

So, how can one make ES cells that are genetically matched
(identical) to all of the somatic cells in a patient’ s body?

Source of ES cell S ok oo @
[ ——— hd
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7 AT
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epidarmal  platelet-derived and oligo-
rowth growth tactor dendrocytos
actor

“igure 22-57. Molecular Biology of the Cell, 4th Edition.

One solution: Create a fertilized egg that is genetically identical
to the somatic cells of a patient and allow that egg to develop
into an early-stage (blastocyst) embryo containing an inner cell
mass from which ES cells can be prepared.

So, how can one make ES cells that are genetically matched
(identical) to all of the somatic cells in a patient’ s body?

retinoic

acid insulin, thyroid hormone
adi‘pacﬂn
retinoic acid
cells of inner coll mass - el .,.w.
neuron
macrophage colony- interleukin-3, D
stimulating factor,  interlsukin-1 3
' cultured dibutyryl cAMP, macrophage
embryonic retinoic acid
embryo stem cells FooT .
{blaatoyst) fibrablast smooth muscle cell
growth 7
factor );éz {_
fibroblast  fibroblast 245
ES cell oy, fador sxrocyt
actor 2, actor £, as
cells epidermal  platelet-derived and oligo-
rowth growth factor dendrocytes

actor

“igure 22-57. Maleculor Biology of the Cell, 4th Edition.

So, how can one make ES cells that are genetically matched (identical) to all

of the somatic cells in a patient’ s body?

One solution: Create a fertilized egg that is genetically identical to the
somatic cells of a patient and allow that egg to develop into an early-stage

(blastocyst) embryo containing an inner cell mass from which ES cells can be

prepared.




So, how can one make ES cells that are genetically matched (identical) to all
of the somatic cells in a patient’ s body?

One solution: Create a fertilized egg that is genetically identical to the
somatic cells of a patient and allow that egg to develop into an early-stage
(blastocyst) embryo containing an inner cell mass from which ES cells can be
prepared.

First problem: How can you obtain a “fertilized egg”, which is a highly

specialized cell that contains many of the determinants in its cytoplasm that
allow early embryologic development to proceed?Such cells are, at present,
impossible to create from other cells except by fertilizing unfertilized eggs.

So, how can one make ES cells that are genetically matched (identical) to all
of the somatic cells in a patient” s body?

One solution: Create a fertilized egg that is genetically identical to the
somatic cells of a patient and allow that egg to develop into an carly-stage
(blastocyst) embryo containing an inner cell mass from which ES cells can be
prepared.

Ist major problem: How can you obtain a “fertilized egg”, which is a highly
specialized cell that contains many of the determinants in its cytoplasm that
allow early embryologic development to proceed?Such cells are, at present,
impossible to create from other cells except by fertilizing unfertilized eggs.

Therefore, how can this be done? Take an already-fertilized egg, remove its
nucleus, and implant into this “enucleated” egg the nucleus from a somatic
cell of the patient. Now you will have a fertilized egg that is genetically
identical to all the cells of the patient!

2nd major problem: The nucleus from a somatic cell of a
patient is already highly organized to orchestrate a specific
differentiation program. How can this same nucleus become
functionally equivalent to the nucleus of a fertilized egg?

i)

So, how can one make ES cells that are genetically matched (identical) to all
of the samatic cells in a patient” s body?

One solution: Create a fertilized egg that is genetically identical to the
somatic cells of a patient and allow that egg to develop into an early-stage
(blastocyst) embryo containing an inner cell mass from which ES cells can be
prepared.

First problem: How can you obtain a “fertilized egg”, which is a highly

specialized cell that contains many of the determinants in its cytoplasm that
allow early embryologic development to proceed?Such cells are, at present,
impossible to create from other cells except by fertilizing unfertilized eggs.

Therefore, how can this be done? Take an already-fertilized
egg, remove its nucleus, and implant into this “enucleated” egg
the nucleus from a somatic cell of the patient. Now you will
have a fertilized egg that is genetically identical to all the cells of
the patient!

Znd major problem: The nucleus from a somatic cell of a patient is already highly
organized to orchestrate a specific differentiation program. How can this same
nucleus become functionally equivalent to the nucleus of a fertilized egg?
Solution: (Organismic) cloning

Ay
YJ diploid nucleus of differentiated
somatic cell (of another sheep)
Dolly's “mother” T
calls prapared chemical signal to induce diploid egg to
lmm mammary gland  / “think" it' s been fertilized by a sperm
@ and therefore activated to divide
%} *nudeus extracted /
o @83
induced 1

early

to divide embryo

“haploid .

nudeus
unfnmﬂ d removed onudoatnd

sheap egy

haploid nucleus of unfertilized
egg is removed




2nd major problem: The nucleus from a somatic cell of a patient is already
highly organized to orchestrate a specific differentiation program. How can
this same nucleus become functionally equivalent to the nucleus of a
fertilized egg?

Solution: (Organismic) cloning

_’/{.'."‘v{u
!‘.}” diploid nucleus of differentiated
}; /l--i r somatic cell
Doﬁy‘x “mathar” z T
cells prapared Chemical signal to induce diploid egg to
l from mammary gland “think" it' s been ferlilized by a sperm
O and therefore activated to divid
6&%{%&) nudaus.enrxmd /’
@ L%
i\.) k‘l’l &5) ?
tn«:h.md azny
o divide embyo
or e Big question: can the diploid nucleus of <z
unfertilized removed enudeated
sheop «s @ mammary gland cell become

“reprogrammed”

haploid nucleus of unfertilized
egg is removed

so that its genes can now become totipotent,

i.e., able to serve as the precursor of all the

Hence, the nucleus of a somatic cell has some plasticity, and when
it is placed within the cytoplasm of an egg, it can be reconfigured
to become equivalent to the nucleus of a fertilized egg!

Happy Dolly Pensive Dolly

Young Dolly

'Question: Are diff

2nd major problem:; The nucleus from a somatic cell of a patient is already
highly organized to orchestrate a specific differentiation program. How can
this same nucleus become functionally equivalent to the nucleus of a
fertilized egg?

Solution: (Organismic) cloning

LTS
. Y’ diploid nucleus of differentiated
somatic cell

\
Ooily’s *mothar”
calls prepared ghemLca! signal to induce diploid egg to
lemm mammary gland think" it' s been fertilized by a sperm
and therefore activated to divide

L
nudieus extracted

R

Dolly

—_—
haplold Is born

DN et DS ques‘Eion: can the dip“loid nucleus of a mammary gland cell
@9  become “reprogrammed so that its genes can now become

totipotent, i.e., able to serve as the precursor of all the

differentiated cell types in the embryo???

On occasion, this actually works -- m

Dolly the Sheep!

Haplold nucleus of unfertilized
egg is removed

e e Organismic cloning: proof of the

METHOD

Totipotency of somatic cell nuclei

Scottish
blackface
sheep (#2)

Scottish
5“ blackface
sheep (#3)

RESULTS
Dorset sheep,
genetically

identical to #1

Conclusion: Differentiated animal cells are totipotem in nuclear
transplant experiments.




Having shown this plasticity, can one use it to generate ES cell
lines from a person’ s somatic cells?

Advantage: the ES cells will generate histocompatible differentiated cells
Disadvantage: this will require procuring unfertilized eggs from egg
donors

Disadvantage: this requires the formation of an early human embryo,
which many feel is ethically unacceptable

Remove unfertilized
o0cyte’s
nuclesr material

Pancreatic NSy
cells

— (@) P

: Heart muscle
Embryonic . Livereells |

4 :
Transier Blastocyst stem-cell lines

=y Nutlear material
ta cocyle

Newrons

Skin cells ko
adult monkey

Can adult stem cells learn new tricks??
Prepare committed adult stem cells from a tissue and

teach them to differentiate when introduced into a tissue.

Therapeutic cloning: lack of organ
transplant rejection

Differentiation
facto

Colony of
pancreas islets / cartilage cells

Colony of heart
muscle cells

Colonies of
embryonic stem ce

Another possibility:

- Nuclear cloning to create “customized” ES
cells. Once ES cells are isolated, they can be
genetically altered to correct a genetic
defect in an individual.



In the bone marrow, EPO (red) binds to the EPO receptor
displayed on the surfaces of erythrocyte precursors and
activates them biologically, causing them to proliferate
and differentiate.

EPO binding to its
cognate receptor,
called EPO-R. This
binding activates
tyrosine kinase
signaling in the
cytoplasm of these red
cell precursor cells.

To recap: low tissue oxygen (= hypoxia) stimulates EPO synthesis

in the kidney

y Tissue pO2
v

kidney

Low tissue oxygen (= hypoxia)
stimulates EPO synthesis in the kidney

4 RED CELL MASS hypoxia Epo
it reduced
Bt s T
| — +TissuepO2/ T
A LR R ¢ ;m;;:;ﬂm ::::;:u;n?
O‘% L ¥ TOffereriiaton  TAngroganesis?
+
Epo “e
stimulates
RBC Toumoaiws Ity

production in
bone marrow

and in spleen kidney
Epo production
can also foster
RBC=red blood cell=erythrocyte tumor growth

To recap: low tissue oxygen (= hypoxia) stimulates EPO synthesis
in the kidney. EPO then proceeds to stimulate erythropoiesis -- red cell production
in marrow and spleen.

Increased numbers of
red cells improve
oxygen transport and
reduce hypoxia

Normalization of
oxygen tensions in
tissues

|EPO drives
'red cell
production in
marrow and in
| spleen




Correction of a Genetic Defect
by Nuclear Transplantation and
Combined Cell and Gene Therapy
William M. Rideout lll,"* Konrad Hochediinger,'**

Michael Kyba,'* George 0. Daley,'
and Rudelf Jaenisch'4!

pThalassemia
Sickle cell anemia
Fanconl's anemia
Leukemia

Egg Tall Tip Cell

Il. Derivation
of bone marrow

cells and
I. Nuclear transfer t:a:selau::ati::n
and ES cell nto “pation
derivation

Q.. f

wp — wp
Cloned Corrected
ES Cells ES Cells G. Daley

The Fountain of Eternal Youth-- Lucas Cranach the Elder
So, what’ s your guess?
Will stem cell research offer what he dreamt of?

This all sounds great except:

1.

8
3
4

It’ s very labor intensive

It only succeeds in a small percentage of manipulations

It involves destruction of an early human embryo.

Organismic cloning (rather than making embryonic stem cells)
fails almost invariably and the organisms that are cloned are
almost always defective in one way or another.

Remaes enfertbierd
sotyle’s
i matedal

Bood gem
calix

¢

Embryonc Liver cells celn

HNaurons

How is erythropoiesis regulated to ensure that we have
a reasonable level of circulating red blood cells?
When oxygen tensions are low or when the blood is
delivering inadequate levels of oxygen to the tissues

The kidney begins to crank out erythropoietin
(EPO) -- a type of growth factor.

It then leaves the kidneys and pass via the blood
into the bone marrow.



In fact, all of the arms of the hematopoietic system are under
various types of physiologic regulation throughout life.

— & -

»

Detail of the last steps of erythropoiesis

e 25
|
ey

¥
|

Myeloid @
Stem Call

3
CFU- GEMM @-

—
] Multiple Growth

Faclors
-3

Bru-L

GM- CSF
L3
SCF

LLPD”

CFU-E

PO
YEPO*

._@-—

Procry‘mroh[ur@

red blood cell
(erythrocyte)

EPO can be made on industrial scale, making $$$$$$
for a small no. of (by-now very large) biotech companies

The industrially manufactured EPO can be used to increase
RBC production in anemic patients, including those who
have become anemic because of hemorrhage and those who
are anemic because their kidneys are failing.
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Samin Houshyar
Recitation 17
R27 & 28
Familial Hypercholesterolemia

Cholesterol
Synthesis:
1) de novo synthesis: acetate > HMG-CoA -> Melanoate = =>->-> Cholesterol (key

enzyme: )
2) Food intake

Role in the body:

1. Major component of bile acids (required for digestion)
2. Structural component of cell membrane

Role of Cholesterol in heart disease

How is cholesterol carried in the body?

People’s genotypes: +/+, +/FH, FH/FH. What phenotypes did Brown and Goldstein observe?

Look at uptake of cholesterol with radiolabeled LDL?
+/+
+/FH
FH/FH

Treatments for FH:

1. No hamburgers!!!! i.e. reduce cholesterol in diet

2. Reduce re-uptake of bile acids (remember Le Chatlier’s principle of equilibria)

3. HMG-CoA reductase inhibitor (statins)

Liver transplant
Gene therapy

LA =



