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and a long-term commitment is required to 

restore or recover them.

A third implication of the multiple fram-

ings concerns the role of valuation. Most en-

vironmental decisions are made on the basis 

of economic arguments that consider costs 

and benefits, usually based on monetary 

values. By not having good metrics or by re-

jecting the idea of valuation in principle ( 20) 

because of its stark formulation in a “nature 

for people” framing, conservationists may 

cause nature to be excluded from such deci-

sions. If the benefits provided by nature are 

assigned no value, they are treated as having 

no value, and current trends in the decline 

and deterioration of natural systems will 

continue.

The differences among the framings 

are not as stark as they appear. Despite its 

strong focus on humans, “people and na-

ture” may actually be very similar to “nature 

for itself.” Both framings can include peo-

ple’s hopes and desires about the environ-

ment that they wish to live in and leave to 

their descendants. “People and nature” has 

traction with other societal needs from the 

environment and connects better to policy 

because it has a broader focus. Yet there is a 

risk that any implementation of “people and 

nature” will lack the analytical foundations 

that made the earlier framings both deliver-

able and measurable.

Hopefully the many important features 

of “people and nature” will continue to be 

the focus for conservation over the coming 

decades. By sustaining a coherent and in-

clusive focus and by developing the relevant 

science, tools and decisions should emerge 

that can ensure a better future for people 

and nature.        ■
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           A
utoimmunity arises from self-reac-

tive T and/or B lymphocytes, and 

underlies a wide range of conditions, 

from endocrine disorders to blood 

cytopenias. Genetic epidemiologi-

cal studies have long suggested that 

many autoimmune conditions have an in-

herited component. Autoimmunity is often 

described as having polygenic or complex 

inheritance. However, both descriptions 

are too general to adequately describe the 

considerable heterogeneity in patients and 

conditions. Spectacular progress in the 

genetic dissection of autoimmunity has 

come from Mendelian stud-

ies of young patients with 

rare, distinctive conditions. 

Less has been learned from 

population-based, genome-

wide association studies of 

more common, clinically less 

h o m o g e n e o u s c o n di t i o n s. 

The three best-characterized 

monogenic autoimmune dis-

orders are autoimmune poly-

endocrinopathy syndrome 

type 1, X-linked immunop-

roliferative enteropathy, and 

autoimmune lymphoprolierative syndrome 

( 1). On page 1623 of this issue, Kuehn et al. ( 2) 

add to this list. Patients with only one func-

tional copy of the gene encoding cytotoxic T 

lymphocyte antigen 4 (CTLA4) suffer from 

severe autoimmunity. These heterozygous 

mutations result in a new phenotype, with 

infiltration of nonlymphoid organs, such as 

the intestine, lungs, and brain, by hyperac-

tive T cells and B cells, along with more clas-

sic signs of autoimmunity.

CTLA4 is expressed on the surface of T 

cells. It competes with CD28 to bind B7 mol-

ecules expressed on antigen-presenting cells 

and its activation inhibits the proliferation 

of effector T cells and stimulates the sup-

pressive functions of regulatory T cells (3). 

These effects help maintain tolerance to self-

antigens, as shown by the severe autoimmu-

nity in mice lacking both copies of the Ctla4 

gene ( 4). The physiological importance of 

Partial deficiency in the protein CTLA4 underlies severe 
autoimmune disease with incomplete penetrance
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human CTLA4 was recently highlighted by 

the success of treatments based on CTLA4-

blocking antibodies in patients with some 

cancers (5). Kuehn et al. report that patients 

heterozygous for a loss-of-function CTLA4 al-

lele have a phenotype similar to that of mice 

homozygous for a loss-of-function Ctla4 al-

lele, whereas heterozygous mice have no 

detectable phenotype ( 2,  4). Moreover, auto-

somal dominant CTLA4 deficiency displayed 

incomplete penetrance, as some heterozy-

gous individuals were asymptomatic. This 

illustrates the similarities and differences 

between the small number of inbred mouse 

strains studied in experimental conditions 

and the large numbers of outbred human 

kindreds observed in natural conditions ( 6).

Since the identification of mutations in 

the ADA gene encoding adenine deaminase 

as causal for severe combined immunodefi-

ciency in 1985 ( 7), the genetic basis of more 

than 250 inborn errors of immunity has been 

determined. Studies initially focused on the 

conditions underlying severe infections de-

scribed in the 1950s, but then shifted to the 

analysis of inherited forms and combinations 

of infection, allergy, autoinflammation, and 

autoimmunity (8).

The field of primary immunodeficiencies 

has also diversified considerably in terms 

of the modes of inheritance. The autosomal 

dominant pattern of inheritance is common 

to only about 50 immunological conditions, 

most of which have been discovered in the 

past decade. Even more unusual is the un-

derlying mechanism of haploinsufficiency, 

which was first reported in 1989 for a con-

dition called angioedema ( 9). Haploinsuf- IL
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ficiency is defined by the occurrence of a 

phenotype in heterozygotes despite the lack 

of negative dominance of the mutant allele 

over its wild-type counterpart. This is less 

common than in other fields of human ge-

netics and to our knowledge, only 14 inborn 

errors of immunity have been confirmed as 

autosomal dominant by haploinsufficiency. 

Some of them, such as isolated congenital 

asplenia ( 10), are actually not typical, hema-

topoietic-lineage restricted inborn errors of 

immunity.

Penetrance is incomplete for at least 11 of 

the 14 autosomal dominant immunological 

conditions involving haploinsufficiency (see 

the table). Indeed, haploinsufficiency favors 

incomplete penetrance more so than domi-

nant negative mutations, given the predicted 

50% residual function of the gene product. To 

date, only the mutations in chromodomain 

helicase DNA binding protein 7 (CHD7) and 

ribosomal protein SA (RPSA), which underlie 

the haploinsufficiency autoimmune disor-

ders called CHARGE syndrome and isolated 

congental asplenia, respectively, have been 

convincingly shown to display complete pen-

etrance, but even then, sometimes in asso-

ciation with marked variations in expression 

(CHD7). The observed proportion of de novo 

mutations (those that arise in a patient’s 

parental germ cell) increases with both the 

degree of penetrance and the impact of the 

phenotype on reproduction. 

So, what accounts for the incomplete 

penetrance of CTLA4 haploinsufficiency? 

Modifier genes as well as environmental 

factors may be involved. Somatic events 

may also play an important role, as already 

shown for haploinsufficiency in FAS, a pro-

tein that triggers cell death in activated 

T and B cells. Surprisingly, somatic FAS mu-

tations alone can underlie a condition that is 

phenotypically similar to autoimmune lym-

phoproliferative syndrome, which is often 

caused by germline FAS mutations ( 11– 13). 

Even more surprisingly, somatic mutations of 

the second FAS allele, or somatic uniparental 

isodisomy of large regions encompassing the 

second FAS allele (a person harbors two cop-

ies of a chromosome segment from one par-

ent only as a result of duplication-deletion 

events in somatic cells), have been found in 

symptomatic individuals with autosomal 

dominant FAS deficiency by haploinsuffi-

ciency, but not in those without symptoms 

( 14). This suggests that most, if not all, indi-

viduals truly heterozygous for a single loss-of-

function, nondominant negative mutation of 

FAS require a second, somatic FAS lesion for 

expression of the disease. Somatic variants 

of CTLA4, or of other genes, may also influ-

ence the penetrance of autosomal dominant 

CTLA4 deficiency.

Incomplete penetrance does not imply 

the absence of a causal relationship between 

the CTLA4 genotype and the autoimmune 

phenotype. On the contrary, it suggests that 

more common forms of autoimmunity may 

consist of a myriad of rare monogenic le-

sions driving disease by haploinsufficiency 

and with incomplete penetrance. Instead 

of a polygenic theory of autoimmunity that 

involves multiple common alleles in an indi-

vidual patient, we can consider a monogenic 

theory of autoimmunity, with high locus and 

allelic heterogeneity at the population level 

(15). Heterozygous, haploinsufficient variants 

would play an important role in this scenario, 

given that they account for a higher propor-

tion of variants and have a lower penetrance 

than dominant negative variants. Of course, 

monoallelic lesions are more common and 

less penetrant than biallelic lesions. This 

would be consistent with the non-Mendelian 

pattern of inheritance observed for most au-

toimmune diseases in most families. A con-

dition with strict Mendelian inheritance, as 

defined by complete penetrance of a mono-

genic lesion in all genetic backgrounds, is 

more an exception than a rule, as humans are 

not single-gene organisms protected against 

somatic changes and environmental pres-

sure. Although rarely Mendelian, autoimmu-

nity in the general population may therefore 

often be monogenic—that is, polygenic with 

a single pilot, one or more co-pilots, and 

many passengers. Fortunately, a monogenic 

architecture of autoimmunity would be ame-

nable to in-depth experimental investigation. 

Causal relationships that are proposed with-

out a clear demonstration of the underlying 

mechanisms rarely stand the test of time.       ■
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CFH

TERC

CD46

CFI

CHD7

FAS

TERT

NLRP12

GATA2

TBK1

IFNGR2

RPSA

CTLA4

High

High

High

High

High

Complete

Intermediate*

High

Complete?†

High

Intermediate†

Low

Complete

Intermediate

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No†

Yes

No†

No

Yes

No

Angioedema

HUS, glomerulonephritis, AMD

Dyskeratosis congenita, bone marrow failure

HUS

HUS, glomerulonephritis, AMD

CHARGE syndrome and T cell immunodefciency

Autoimmunity and lymphoproliferative syndrome

Dyskeratosis congenita, bone marrow failure

Periodic fever syndrome

Myeloid disorders, deafness, lymphedema

Herpes simplex encephalitis

Mendelian susceptibility to mycobacterial disease

Isolated congenital asplenia

Autoimmunity

Autosomal dominant inborn errors of immunity (haploinsufciency)

Autosomal dominant inborn errors of immunity for which a negative dominance was either experimentally shown or not 

tested were excluded. Incomplete penetrance is somewhat arbitrarily divided into low, intermediate, and high penetrance. 

HUS, hemolytic and uremic syndrome; AMD, age-related macular degeneration.

*Penetrant in the presence of a somatic lesion on the other FAS locus.    †Too few kindreds to draw frm conclusions.
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