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WWHEN DECIO EIZIRIK BEGAN TREATING PATIENTS WITH TYPE  1 
diabetes in the 1980s, he was pretty sure about what was 
behind the disease: an immune system gone haywire. People 
with the illness lacked insulin, a crucial hormone, because 
beta cells in the pancreas—the body’s insulin factories—were 
being attacked and destroyed by immune system cells. “At that 
time, the idea was that if you could control the immune sys-
tem, perhaps you could prevent diabetes,” says the endocri-
nologist, who now has research appointments at the Indiana 
Biosciences Re  search Institute and at the Free University of 
Brussels in Belgium. (He no longer sees patients.) 

This was the classic model of an autoimmune disorder: protector cells that turn on 
their bodily kin. Although treatments with extra insulin could keep people with dia-
betes alive, the immune assault on innocent beta cells was the root of the problem. 
“People saw beta cells as being like the corpse at a funeral: it’s the focus of a lot of 
attention, but it’s doing nothing,” Eizirik recalls.

Now, however, those beta cells are not looking quite as innocent, and the immune 
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Illustration by David Cheney
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The Target of Diabetes
When the body  cannot produce enough of the vital hormone insu-
lin, the result is debilitating type 1 diabetes. The reason for that 
hormone defi ciency is the death of its producers, beta cells in the 
pancreas. They die off  after attack by killer T cells from the body’s 
own immune system. For years scientists thought T cells in people 

with diabetes had a fl aw that made them go after beta cells. But 
nondiabetic people have the same kind and amount of T cells in 
their blood ( shown in pink ), yet such cells leave the beta cells alone. 
That has led researchers to suspect beta cells themselves may 
draw T cells to them by producing molecular lures.

A Healthy Balance
Beta cells reside in regions of the pancreas known as islets. 
In nondiabetic people, killer T cells (called CD8+ T cells) that 
could damage beta cells show up in the bloodstream. They also 
appear in groups in the pancreas. But they do not attack the 
beta cells, allowing such cells to continue to produce insulin. 

Type 1 Diabetes
In this disease the killer T cells gather in the pancreas and then 
attack. Some evidence indicates that beta cells in people with 
diabetes produce heightened amounts of molecules that T cells 
use as targets. One such molecule is an insulin precursor called 
preproinsulin (PPI). Another molecule is called an MHC class 1 
protein. And under stress, beta cells send out signals called 
chemokines, which can pull immune cells to them.
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system is looking like it has gotten an unfair share 
of blame. Over the course of several decades Eizirik—
and a number of other researchers—has become 
convinced that beta cells can actually trigger the 
disease. The way beta cells do this began to emerge 
in the late 1990s, when Eizirik measured levels of 
chemical signals from the cells in the pancreas. 
Those experiments showed that in certain circum-
stances the cells produce their own inflammatory 
chemicals, which act as flares that draw the atten-
tion, and ire, of immune system cells.

Exactly what sets off these flares is still not clear—
it could be a viral infection or some kind of damag-
ing stress—but this work and more recent experi-
ments by several other scientists strongly suggest 
that beta cells play an active role. “It all starts at the 
target tissue,” says Sonia Sharma, an immunologist 
at the La Jolla Institute for Immunology in Califor-
nia. “What we know now is that the target tissue is 
not merely a bystander; it’s an active par-
ticipant in the damaging inflammation.” 

Type 1 diabetes is just one autoimmune 
disease, but now evidence is starting to 
suggest that other cellular targets in other 
ailments also can bring about their own 
demise. Recent genetic studies indicate 
that cells afflicted in rheumatoid arthritis 
and multiple sclerosis have overactive 
genes that code for disease-related pro-
teins, and immune cells home in on such 
targets. Sharma says there could be 10 
steps between an initiating event and the 
ultimate attack on a target tissue by im-
mune system cells. “We’ve been looking at 
step 10, whereas we should be looking at steps one, 
two and three,” she says. “It’s almost like we’ve been 
working backwards.” If researchers could understand 
those early steps, she says, that could lead to better 
treatments, cures or even measures to prevent disease.

It is hard to fault researchers for concentrating 
initially on the immune system end. Autoimmune 
diseases seem like betrayals by an exquisitely 
sophisticated defense system that evolved not only 
to protect us from invading pathogens but also to 
monitor cells that threaten to turn cancerous and to 
clean up the cellular aftermath of an injury. It is the 
sentinel in our bodies that stands between us and 
chaos. And clearly, key parts of the immune system, 
particularly B cells and T cells, are critical players in 
autoimmune diseases. Treatments, Eizirik says, will 
require “a two-hit approach” aimed at these cells 
and at their targets. “The immune system is persis-
tent, and it has an elephant’s memory,” he says. 
Once T cells have learned to recognize molecules on 
these target cells, he says, “they will keep coming.”

AGENTS OF SELF-DESTRUCTION
Much research  of the past 50 years has focused on a 
classic hallmark of autoimmune disease: autoanti-

bodies. Antibodies are tiny proteins produced by 
B  cells in the immune system, and they bind to pro-
teins called antigens on foreign invaders such as bac-
teria and viruses; when attached in this way, the 
antibodies mark such invaders for destruction. Auto  -
antibodies, however, bind to so-called self-antigens 
on the surface of our own cells. There they act as 
homing beacons for specialized assassins called cyto-
toxic, or killer, T  cells. These cells are the actual 
agents of destruction, so scientists investigating auto-
immunity look for these T cell–autoantibody pairs. 

What scientists have recently learned is that 
although the killer T  cells and autoantibodies are 
signs of an autoimmune problem, their location 
seems more important than the mere fact of their 
existence. Healthy people can have these T  cells in 
their blood, for example, without becoming ill. In 
2018 immunologist Roberto Mallone of INSERM in 
France and his colleagues published a study that 

compared people with type 1 diabetes, others with 
the type 2 version of the disease (a nonautoimmune 
disorder in which insulin is produced but works 
badly), and people without either disease. The levels 
of killer T  cells in the bloodstream were remarkably 
similar across all three groups, including the non-
diabetic people. Everyone had them. By this mea-
sure, Mallone says, “we are all autoimmune.” 

But it was a different story in the pancreas. There, 
Mallone and his colleagues found, autoreactive 
T  cells were present at much higher levels in people 
with the type  1 version of the disease. Mallone, like 
Eizirik before him, suspects that they are there not 
coincidentally but because of a problem with the tar-
get tissue, the beta cells.

Another reason researchers are considering target 
cells as major players in autoimmune diseases comes 
from genetic studies, which have shown that genes 
influencing these diseases are expressed not just by 
immune cells but also by target cells. Starting in the 
early 2000s, the complete sequencing of the human 
genome made it possible to do genome-wide associa-
tion studies (GWAS), which revealed many genes that, 
when mutated, were linked to higher risk of autoim-
mune disorders. And those genes turned up not just 

“What we know now is  
the target tissue is not merely 
a bystander; it's an active 
participant.”  —Sonia Sharma,  
 La Jolla Institute for Immunology 
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in B cells or T cells but also in cells that were not part 
of the immune system, Sharma says. For example, 
nonimmune cells have genes that allow them to 
release cytokines and chemokines, chemical messen
gers that summon an immune response. This activity 
is quite important for cellular health. All cells are sus
ceptible to transformation into cancers, for instance, 
or to infection. When such harmful changes happen 
to cells, Sharma explains, they need to be able to tell 
the immune system that they are in trouble. But mu 
tations in those genes may create apparent distress 
signals when the cells are not really damaged. The 
immune system will react as if they are and swoop in. 

SIGNS OF VULNERABILITY 
A study by Eizirik  and his colleagues published this 
past January in  Science Advances  provides exam
ples of misleading target cells in multiple autoim
mune diseases. The scientists examined published 

genome association research and found that more 
than 80  percent of identified genetic variants were 
expressed by target cells in type 1 diabetes and three 
other autoimmune diseases: multiple sclerosis, 
lupus and rheumatoid arthritis. The study showed 
not only that target cells contain diseaserelated 
genes but also that in people with disease, they 
make more of those proteins than in healthy people. 
Eizirik and his colleagues mined genetic databases 
created from biopsies of affected tissues from peo
ple with autoimmune disease: pancreas cells of peo
ple with diabetes, joint tissue from people with 
rheumatoid arthritis, kidney cells from those with 
lupus and even autopsy samples from the brains of 
people with multiple sclerosis.

 Their analysis showed that many candidate genes 
were exceptionally active in the targeted tissues, and 
many of these active bits of DNA appeared in multiple 
diseases, pointing to common threads. Among the 
top genes showing extra activity were those related to 
interferons, a class of proinflammatory cytokines that 
cells release to flag down immune cells when there is 
a problem such as a viral infection. 

Many of the target cells in autoimmune disease 
also share nongenetic features that make them excep

tionally vulnerable to assault. “These cells have at 
least three intrinsic weaknesses,” Mallone says. First, 
many of them reside in glands such as the thyroid 
and pancreas, where “they are hormone factories, 
pumping out hormones at high rates, which creates a 
lot of stress.” Because they are already under a lot of 
strain, a little additional cellular stress could flip the 
balance toward malfunction and pathology, alerting 
an immune system cleanup crew. Second, the cells 
secrete hormones and other peptides directly into 
the bloodstream. Such molecules travel throughout 
the body, which means that, as signatures of these 
cells, they “can sensitize the immune system from a 
distance,” Mallone says. A third weakness for target 
cells is that they are penetrated by lots of blood ves
sels, making them easily accessible. “This means that 
once the immune cells are sensitized, they have an 
easy job to get to [the targets],” he concludes.

On top of those vulnerabilities, target cells may 
react to an outside threat—damage from 
a virus, for example—in ways that bring 
on a strong immune response. Some 
cells selfdestruct when infected by a 
virus, taking themselves out before the 
harm can spread and before immune 
system intervention is needed. But cer
tain cells afflicted in autoimmune dis
eases, such as neurons and beta cells, are 
in limited supply. Simply dying off after a 
viral in  fection is not an option for them, 
Eizirik says. “If too many cells die, we’re 
cooked,” he says. Instead they stick 
around, and the immune system starts 
interpreting the molecules they release as 

signs that all cells of that class are in trouble. Then 
an autoimmune attack ensues. 

One striking example of a weakness in target 
cells that leads to an immune response comes from 
the blood vessel disease vasculitis. The disorder is 
not a classic autoimmune disease, because it does 
not rely on autoantibodies. Rather it is an example 
of an autoinflammatory disease in which a cell class 
known as myeloid immune cells goes after other 
cells that form arteries, veins and capillaries. A rare, 
aggressive form in children results from a mutation 
in a gene for a metabolic enzyme called adenosine 
deaminase  2. The enzyme regulates activity in both 
the attacking cells and the attacked ones, according 
to a 2020 study led by Sharma and published in  Sci-
ence Advances.  “When they lose this enzyme, the 
whole system becomes deregulated,” Sharma says. 
“The end result is that the target cells start produc
ing cytokines, and this has a bystander effect to acti
vate the myeloid cells. What we’re talking about is 
the target cell causing its own problem.”

OUTSIDE TRIGGERS
but EvEn cElls  with inherent weaknesses do not get 
into autoimmune trouble all by themselves. Remem

Many target cells in auto
immunity share features that 
make them exceptionally 
vulnerable to assault. They have 
at least three weaknesses. 
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ber that in nondiabetic people, Mallone found 
T  cells that could have assaulted beta cells, but they 
held their fire. Something tips the balance, initiat-
ing events in target tissues that seem to start 
immune system interference. Many scientists think 
that thing is often a passing viral infection or per-
haps exposure to toxic chemicals, and it may occur 
years before an autoimmune disorder becomes obvi-
ous enough to be detected. 

One long-suspected culprit in type  1 diabetes is 
the Coxsackie virus, a common pathogen. It usually 
causes a mild illness that shows up as passing skin 
rashes and mouth sores. But Coxsackie can attack 
the pancreas under the right circumstances, Mal-
lone says: “These viruses can infect beta cells, so 
they can kill some if there’s enough of a viral load.” 
That could lead to inflammation that draws more 
immune cells to the place where beta cells are dying. 
In their death throes, the betas could release signa-
ture self-antigens that sensitize nearby immune 
cells, causing them to go after other beta cells, be -
cause such cells have similar antigen signatures. 

That multipart mix is crucial, Mallone says. 
“Basically, you need three ingredients: self-antigen, 
an inflammatory environment and autoimmune 
predisposition,” he says. “And these ingredients 
have to meet at the same place and the same time. 
This is probably one reason it’s so difficult to iden-
tify environmental triggers: because we’re all 
exposed, but it depends on specific conditions.”

This view is replacing an older idea: that viruses 
trigger autoimmune reactions when the viral pro-
teins look, molecularly, a lot like self-antigens, lead-
ing immune cells to get confused by the similarity 
and attack the self. Support for this idea, called viral 
mimicry, began to crumble as researchers amassed 
evidence that such molecular doppelgängers are 
fairly common but very rarely cause disease. There 
are a number of molecules in human bodies and in -
fec tious agents that look like one another, and they 
are called cross-reactive. “Cross-reactivity is ex -
treme ly abundant; you can find it everywhere,” says 
DeLisa Fairweather, an immunologist at the Mayo 
Clinic in Jacksonville, Fla. If cross-reactivity led to 
illness, she says, “we should see diseases at higher 
levels. It’s not the answer.” Thus, the idea has gained 
currency that a virus kills some target cells and cre-
ates some inflammation, and in the middle of all 
this, some immune cells become sensitized to the 
dying cells’ proteins. 

A RISING COUNT
Other irritants frOm Outside  the body, such as 
drugs and other chemicals, can create these in  flam-
ma tory conditions, providing more occasions for 
encounters with immune system sentinels to go 
wrong. Some scientists think encounters with such 
substances can explain a spike in autoimmune dis-
ease frequency over the past few decades. In 2020 

rheumatologist Frederick Miller of the National 
Institute of Environmental Health Sciences and his 
colleagues published an analysis that tracked the 
prevalence of antinuclear antibodies, a subset of 
autoantibodies that go after proteins in a cell’s 
nucleus. The study followed more than 14,000 par-
ticipants in the U.S. over a 25-year period. Between 
1988 and 1991, 11 percent of those tested carried the 
antibodies. That number stayed roughly stable 
through 2004, with a small rise toward the end of 
that period. But by 2012 the data showed a big jump 
in the number of people carrying the antibodies, to 
nearly 16 percent of participants. The rise was par-
ticularly striking in adolescents, Miller says, “which 
to me was the scariest thing.” That could indicate a 
coming wave of autoimmune diseases. 

What has changed to cause the increase? “We 
don’t know yet,” Miller says. He can, however, rattle 
off a number of possible environmental and behav-
ioral factors: during the time span of his study, 
approximately 80,000 to 90,000 new chemicals 
have been approved for use, he says. “We have a com-
pletely different diet,” he continues. “Our use of 
electronics, while handy and useful, has also meant 
we’re not getting enough sleep.” People have also en -
count er ed increases in air, water and food pollution. 
“There are hundreds of differences in our lifestyle 
and exposure in the past 30 years,” Miller says.

Another, somewhat paradoxical idea is that our 
immune systems now get too little exposure to the 
outside world and consequently overreact when 
they encounter relatively benign molecular repre-
sentatives from it. The theory is related to a notion 
called the hygiene hypothesis, put forth in the early 
2000s, which was based on changes to sanitary con-
ditions. This iteration is more closely tied to changes 
in our intestinal bacteria, our gut microbiome, that 
come with the habits of modern society. A quirk of 
geopolitics has presented a unique opportunity to 
study this effect. After World War  II, a region in 
northeastern Europe called Karelia was split into 
Finnish and Russian territories. The populations are 
genetically similar, but Finnish Karelia rapidly mod-
ernized after the war, whereas living conditions in 
rural Russian Karelia remained similar to those of 
60 years ago. You might think an improvement in 
living conditions would reduce the burden of dis-
ease, but that has not happened with autoimmune 
illnesses. In fact, the reverse effect has been ob -
served. The incidence of type 1 diabetes in Finland is 
the highest in the world and about six times that in 
Russian Karelia. Rates of other autoimmune dis-
eases such as celiac disease are also six to 10 times 
higher in Finland compared with Russia. 

Mikael Knip of the University of Helsinki and his 
colleagues think these changes in disease preva-
lence can be tied to changes in the microbiome in 
the Karelian populations. Our internal ecosystem of 
gut bacteria becomes established during infancy 
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and is heavily influenced by our surroundings. For a 
2016 study published in  Cell,  Knip’s team collected 
stool samples from infants on both sides of the 
Finnish-Russian border for the first three years of 
their lives. “When we analyzed the data, we did see a 
clear di�erence between the infants in Finnish and 
Russian Karelia,” he says. 

The microbes in Russian children were domi-
nated by a nonpathogenic form of  Escherichia coli. 
 Finnish children, in contrast, were home to high lev-
els of a bacterial genus called Bacteroides, which 
typically does not prompt a strong immune reaction. 
“Exposure to various microbes in the environment 
has an e�ect on training the immune system, partic-
ularly in the first year of life,” Knip says, and it looks 
as if the Finnish systems did not get very rigorous 
training. The Finnish microbiomes also lacked the 
variety seen among the Russians. Although Knip 
emphasizes that it is too soon to cement a cause-
e�ect relation between any drop in microbiome 
diversity on the Finnish side and the rise in autoim-
mune problems, he does think there is a connection. 
“I’d say we need to rename the hygiene hypothesis to 
the biodiversity hypothesis,” Knip says. 

Sharma agrees that gut biodiversity is important, 

and exposure to variety—for example, by eating 
nonprocessed foods or at least much less heavily 
processed versions—is key for training the immune 
system. “That makes our gut flora more abundant 
and more diverse,” she says. And it gives our im -
mune system a chance to get used to molecules that 
are not inherently dangerous so that it does not 
overreact when it encounters them. 

Ultimately a better understanding of the causes 
of autoimmune diseases—and improved treat-
ments for them—will come from an approach that 
is quite di�erent from narrow studies of immune 
cells or target tissues or the microbiome, Miller 
says. It will come from a more holistic view. Much 
like in the old Indian parable, he says, “everyone’s 
looking [at autoimmunity] like the blind men feel-
ing around the elephant, where every person is 
seeing di�erent things, and they’re not able to con-
nect these to the whole.” Seeing the entire immuno-
logical picture will require more studies on di�er-
ent types of biomolecular dynamics, and that 
research will have to be done in large populations 
of people. Such an approach could amount to “mil-
lions of data points,” Miller says. “We need to em -
brace the complexity.”
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M
MELANIE SEE’S FIRST BOUT OF ODD SYMPTOMS 
 began in 2005. Suddenly she started sweating a 
lot. She rapidly lost 10 pounds. She got dizzy walk-
ing from the bedroom to the couch. She started 
lactating even though she was not nursing a baby. 
After a slew of laboratory tests, See, then 45, was 
diagnosed with Graves’ disease, an autoimmune 
disorder that makes thyroid hormones surge. 

Three years later, when See’s symptoms from Graves’ were under 
control with medication, her health took another rapid downturn. 
She lost more weight. She felt extremely tired. Her doctors diag-
nosed her with celiac disease, another autoimmune disease, which 
in a�ected people is set o� by eating foods with gluten. Then, in 2015, 
See, who lives in Chapel Hill, N.C., began experiencing terrible diges-
tive symptoms and muscle pain. This time her doctors were stumped. 
“Initial diagnoses were all over the place—vasculitis, lupus, I can’t 
remember what all,” See says. “My bloodwork showed something 
was going on, as did the muscle biopsy I had in June 2016, but I 
didn’t fit into any particular box.” 

After many tests, See was diagnosed with yet a third autoim-
mune illness: mixed connective tissue disease, a rare ailment that 
shares some features of lupus. 

Women account for an estimated—and astonishing—78 percent 
of people who have these disorders, which include See’s a�ictions, 
as well as lupus, multiple sclerosis, rheumatoid arthritis, and oth-
er illnesses in which the body’s immune system mistakenly attacks 
its own cells and tissues. Autoimmune diseases are now the fifth-

Nearly four of every �ve people 
with autoimmune disorders  
are female. Sex hormones,  
genes and even gut bacteria  
may be reasons why 

By Melinda Wenner Moyer 

WOMEN 
AT RISK 
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