
dendritic cell

Sweetie, how would you 
go about rigging up a 

receptor that complements 
an unimaginable bug?

How about we just 
rig up ALL POSSIBLE 

RECEPTORS?

Polly, each receptor needs 
a gene with specific

instructions. We only have 
20,000 genes, and there are 

SOME other uses for them too.

Hmmm...

I’ve got it! 
There are a lot 
more cells than 

genes. How about 
each cell makes 
a bug receptor 

for itself 
AT RANDOM!?

Ahem... We have 
SLIGHTLY negative 

experiences of random 
genes. And even if it 
happened to work, 
it could just as well 

attack the body 
itself.Couldn’t 

SOMEONE 
just check that 

they’re all right?
I don’t think I 
want to hear 

where this is going...

Let’s see how it 
turned out... 

Behold – the 
greatest invention 
by vertebrates 
(according to 
immunologists): 

ADAPTIVE or 
ACQUIRED 
IMMUNITY!

Next: What happens when the going gets tough?

But... what 
if we meet 

an un-
imaginable

bug?

On a Monday, 525 million 
years ago: the first verte-
brate has a terrible cold.

A young leukocyte comes up with an 
idea.

Now listen, 
Polly...

Hey Dennis, wouldn’t it be 
awesome to have an 

immune system that would 
recognise ANY bug?

I’ve got the receptors 
for ALL imaginable 

bugs, so NO WORRIES.
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Starring: lymphocytes! B lymphocytes produce antibodies, while T lymphocytes 
remove cells that have been infected by viruses or otherwise corrupted cells. 
Both will recognise a target if its shape fits the cell’s ANTIGEN RECEPTOR.

Each lymphocyte has a unique receptor. Lymphocytes are born without an 
antigen-receptor gene. The cells assemble the gene from several bits by 
cutting and pasting. The genome contains several alternatives for each bit.

B cell receptors are 
antibodies 

on the cell’s surface.

T cell receptors are 
similar proteins 

on the surface of 
T cells.

This antibody is 
compatible with 
the coronavirus 
      spike...

..and this 
one matches 
the papilloma

virus
Not actual scale (and cells don’t really have eyes or ninja scarves) In reality, there are even more alternatives!

Thymic 
primary school

Is THAT your 
T-cell receptor?

CD4 is the mark of 
Tim the helper T cell.

Tanya the killer T Cell 
is characterised by 

the CD8 surface molecule 
(and the ninja scarf)

Regulatory 
T cell Tucker 

controls immune
responses

Qualified T cells specialise 
in several tasks:

Sorry buddy, 
better luck 
next time.

macrophage

Lecturer specialised 
in positive selection 

(a thymic epithelial cell)

I have no idea 
what this is, 

but DO NOT kill it.

This one here 
is the HEART.

Tina, LET GO 
OF THAT 
BIG TOE!

Once Upon a Time... Immunity
Episode I: A New Hope from Tim, Tanya & Tucker
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Young lymphocytes go to school in the lymphatic tissue. The T cell school is in the thymus, while B cells... well, that’s a long story. In the thymus, T cells’ ability 
to put together functional T-cell receptors is verified. After that, it is made sure that the receptor does not attach too tightly to any part of the body. The cells 
that pass the test specialise in different tasks, get their diploma and head off into the world. The unlucky ones end up being recycled.
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This is my receptor. 
There are many like it, 
but this one is mine!

Teacher specialised in negative selection 
(these thymic cells do in fact produce 

almost all of the proteins of the 
cells in the body!!!)



Activated B cells produce 
antibodies, but a single cell 
doesn’t get far on its own...

Hi...

(or: Acquired Immunity)

Also check out ‘Once upon a time... An RNA vaccine’!

Episode II: The Force Awakens  
When a bug enters the body, a cell 
quickly notices it. Dendritic cells and 
macrophages are usually on guard duty.

As a result of instant evolution, the antibodies produced by Hyper-Berthas attach extremely efficiently to the virus. 
They prevent the virus from binding to the surface of cells, blocking its entrance to the cells to multiply. 
The antibodies also label the virus for destruction.

you-know-
who

HEY! You’re 
a VIRUS!

pattern
recognition

receptor

The guards alert the riot police and send a message 
to the brain to engage fever.

Riot police are usually able to control the situation, but 
sometimes the shit hits the fan.

I still don’t 
really understand 

WHY, but ok, 
let’s turn it up 
to 39 degrees.

neutrophils

Yeah, but just 
a small one.

Does SWAT 
copy?

Meanwhile, Dennis has already arrived at the hot spot, that 
is, the closest lymph node. There, from among millions of T 
cells, he has to find one with a receptor matching the virus.

dendritic cell

the 
node

By the way, this is not a 
GLAND, but the Tinder 

for lymphocytes.

It’s OK, but they 
ALWAYS play 
Bonnie Tyler. 

“Holding out for a hero...”

piece of
virus

As for helper T cells, they have to identify from among millions 
of B cells a cell that has identified the exact same virus, which 
they then activate. Hook-ups are a dime a dozen in the lymph  
                  node, what with EVERYONE there.

For realz, 
this is my 
once in a 
lifetime 
moment!

Bertha Tim!

MHC-II

An antibody 
matching the spike 

on the B cell’s 
surface

activated
Tim

MHC-II
A T-cell receptor matching 

the coronavirus spike

Tim! This 
one’s a virus! 
That’s some 
deep shit!

...mutta Berttapa monistuukin
lukemattomiksi klooneikseen,
jotka kaikki iskevät virukseen!

Hi

However, Bertha multiplies into 
a countless number of clones, 
all of which strike the virus! 

Some of the Berthas stay in the lymph node, 
where their antibody genes start to undergo 
hypermutation! 

The mutant-Berthas whose antibodies attach most effectively to the 
viral components presented by antigen-presenting cells in the lymph 
node are qualified for the next round. Eventually, HYPER-BERTHAS 
arise             from                     the mutant horde!

another
piece

follicular dendritic cell

mutants with 
poorer binding

 ability, or 
lower affinity, 

perishThat
tickles!!!

Hyper
-

muta
TION!

!!
Hyper-
Bertha!

macrophages digest 
and break apart 

viruses labelled by 
antibodies.

Yes,
sir!

at the same time, 
killer T cells destroy cells 

infected by the virus 
(see Attack of the T Cell Clones).

I TOLD you 
not to become 
a vertebrate 

virus!

effective antibodies 
attach to viruses 

and neutralise them

The creation of 
  Hyper-Berthas takes 
   a couple of weeks. 
    Once the virus has 
     been eliminated, 
      some Hyper-Berthas 
      become long-lived 
      memory cells, which 
   remain in the body 
   in case the same virus 
makes another attempt 
later. If it does, effective 
defences will be raised 
much quicker, making 
the body immune to 
this particular virus. 

A vaccine initiates the 
creation of Hyper-
Berthas similarly to 
actual viruses, but 
in a much safer 
way. In other words, 
you should get 
vaccinated if 
a vaccine is 
available! 

a brilliant 
antibody
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