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GRAEME FINLAY
Immunity as unity in community:
theology in immunology

The immune system consists of innate and adaptive arms. Recent findings
have shown that immune function has developed over phylogenetic time
by mutations (exemplified herein by genome-modifying retroviruses and
transposable elements) followed by selection of those mutations that are life-
sustaining. In our lifetimes, conventionally inherited genes underlie innate
immunity, but inherited genes underlie only the potential capacities of adaptive
immunity, which requires extensive education before it can engage specifically
with the innumerable molecules arising from the environment. For example, in
B cells, three antibody genes generate an uncountable diversity of protective
antibodies. This paradox arises from the fact that in each developing B cell,
antibody genes are randomised, and potentially useful ones selected. This
system demonstrates both the power of Darwinian mechanisms of natural
selection, and the fallacy of genetic determinism (the fatalistic notion that
we passively submit to our autonomous genes), because antibodies (and
their genes) develop only by engagement with an unspecifiable diversity of
molecules originating beyond our bodies. The unity-in-diversity ofimmune cells
provides a metaphor of the collaborating members who constitute the body of
Christ. The immune system is a health/non-health discriminator and furnishes
a metaphor of the church’s commission to bring wholeness to the world.

Key words: immunity, natural selection, genetic determinism, body of Christ,
unity, diversity, life-giving, interactive, dynamic development, pathology, dis-
crimination, wholeness.

Our immune system is the diverse community of specialised cells that pro-
tect our bodies from microbial invasion. It features in immunisation, trans-
plantation medicine, allergic and autoimmune disease, and cancer therapy.'
Immune activity falls into two broad classes. One class is said to be innate: we
are born with it. The other is adaptive: it learns how to function by engaging
with molecules (antigens) in our environment.

Over evolutionary time, immune systems have developed by the Darwin-
ian process of natural selection. Random variation (by mutation) arises in
the genome. Variants are screened by environmental pressures, and variants
that promote survival and reproductive success are perpetuated (or selected).
Potent sources of variation are genome-modifying units of parasitic DNA: en-

1 Pulendran, B. and Davis, M.M. ‘The science and medicine of human immunology’, Science
(2020) 369(6511), eaay4014.
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dogenous retroviruses (ERVs) and transposable elements.? They have modified
immune system function, in both its normal and pathological operations, over
millions of years, as illustrated below (sections 1 and 2). We will then consider
how analogous mutational processes, again screened by selection, generate
adaptive immune function, on a daily basis, during the lifetime of each one of
us (sections 3 and 4). Finally, we will reflect on parallels between immune cells
and people comprising the body of Christ (sections 5 and 6).

1 Innate immunity

The innate immune system uses stereotypical means to control infectious
agents or effect healing following injury.? Cells are pre-programmed to engulf
and destroy particles (such as bacteria) by the phylogenetically ancient pro-
cess of phagocytosis. They release weapons of mass destruction (reactive forms
of oxygen, proteases, and toxic peptides) to kill microbes - often with collateral
damage to surrounding tissue.

The immune system and the ever-changing microbial world are locked into
an arms race. The immune system has the capacity to evolve rapidly because
randomly accumulated ERVs and transposable elements provide motifs in the
genome that can be recruited at short notice into regulatory circuits. These
motifs bind proteins called transcription factors that regulate the activity of
genes, including those with immunological functionality.*

Many ERVs contribute to circuits that control genes involved in innate immu-
nity. Interferons are proteins that orchestrate defence against viruses. In humans,
interferon-y induces the production of a protein that is a component of a structure
(the inflammasome) that detects viral DNA and triggers protective inflammatory
responses. The gene for this inflammasome component is activated by signals that
emanate from a nearby ERV (see Fig.1, upper for details) that entered primate ge-
nomes in an ancestor of the anthropoid primates. The insertion site is depicted in
Fig. 1, lower.

Many genes that participate in innate immunity are regulated by sequences
in similar ERV elements. Convergently, related ERVs have been co-opted in
other mammals (bats, carnivores, cattle) to provide enhancers for interferon-
inducible responses. The recruitment of ERV-derived sequences as modifiers
of immune function is a recurring story.®

2 Maraska, F., Gasparotto, E., Polimeni, B. et al. ‘The sophisticated transcriptional response gov-
erned by transposable elements in human health and disease’, International Journal of Molecular
Sciences (2020) 21, 3201

3 Zundler, S., Tauschek, V. and Neurath, M.F. ‘Immune cell circuits in mucosal wound healing:
clinical implications’, Visceral Medicine (2020) 36, 129-136.

4 Maraska et al, op.cit. (2).

5 Chuong, E.B., Elde, N.C. and Feschotte, C. ‘Regulatory evolution of innate immunity through
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virus infection

V

interferon-y signal

v

inflammation ™ .
| STAT1 protein
L |
AIM2 gene MER41 element
.. TTCCGGGAATTGCCCGCCCATTTCCCAGAA...
v-activated site
MER41B TGTCAGAGGC...TAACA
human .TGTATATA TGCTTTTGAGGC..CAACACTTTTAGATACCCTC...
chimp .TGTATATA TGCTTTTGAGGC..CAACACTTTTAGATACCCTC..
gorilla LTGTATATA TGCTTTTGAGGC..CAACACTTTTAGATACCCTC...
orang LTGTATATA TGCTTTTGAGGC. .CAACACTTTTAGATACCCTC...
gibbon .TGTATATA TGCTTTTGAGGC..CAACACTTTTAGATACCCTC...
baboon .TGTATATA TGCTTTTGAGGC..CAATGCTTGTAGATACCCTC...
macaque .TGTATATA TGCTTTTGAGGC..CAATGCTTGTAGATACCCTC...
snub-nosed mo ..TCTATATA TGCTTTTGAGGC..CAACGCTTGTAGAAACCCTC...
marmoset LTGTATATA TGCTTTTGAGGC. .CAACACTTTTTCATGCCCTC...
Ma’'snightmo ..TGTATATA TGCTTTTGAGGC..CAACACTTCTAGATGCCCTC...
capuchin WTGTATATA TGCTTTTGAGGC..CAACAGTTTTAGATGCCCTC...
tarsier LTGTGTGTG TGCTTTTAGATGCCCTA..
galago ..TGTA ATC TGCTTTCGGATCCCCTC..
gray mouse lemur TGTATATATGTGCTTTTAGATGCCCTG...
aye-aye .TGAATATG TGCTTTTAGATGCCCGC..
colugo .G TATA TGCTGTTACATGCCCTC..
Chinese tree shrew ..TGTGTGCC TGCTTTGAAGTGCTCTC...
naked mole rat TCTACA TGC TTGACATGCTCTC..

Fig.1 An ERV sequence motif that drives AIM2 gene expression. Sequences
in an ERV (a MER41 element) recruit a transcription factor (the STAT1 protein) that in-
duces the AIM2 gene, involved in inflammatory responses. Below: the insertion site of the
MER41 element. The target site and its tell-tale duplications (that bracket the ERV and
are produced when the viral DNA inserts into chromosomal DNA) are shaded and in bold

type.

co-option of endogenous retroviruses’, Science (2016), 351 1083-1087.
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Similar findings have been obtained with innate immune cells called den-
dritic cells, involved in immune surveillance. In response to bacterial endotox-
in, many genes are activated from sequences present in ERVs and transposable
elements. Some of these are very ancient, such as unique so-called mammalian-
wide interspersed repeats shared by humans and mice. Others are more recent,
belonging to subtypes found only in primates or rodents.®

Inflammation may spiral out of control when infection spreads through the
vascular system. In patients with septic shock, many ERV loci are expressed in
a way that reflects immune perturbations. Such ERVs may generate double-
stranded RNA, and trigger interferon-mediated innate immunity. One such ERV
has resided in the genome since an ancestor of monkeys and apes (Fig. 2).”

MLT1C TGTTATGGGT .. AACTAATACA
I
human ..TCTAAATCATTGTTATGAGC .. AACTAATATAATCCTACTCT..
chimp ..TCTAAATCATTGTTATGAGC .. AACTAATATAATCCTACTCT..
bonobo ..TCTARATCATTGTTATGAGC .. AACTAATATAATCCTACTCT..
gorilla ..TCTAAATCATTGTTATGAGC .. AACTAATATAATCCTACTCT...
orangutan ..TCTAAATCATTGTTATGAGC .. AACTAATATAATCCTACTCT..
white-ch’ked gibbon ...TCTAAATCATTGTTATGAGC .. AACTAATATAATCCTACCCT..
silvery gibbon  ..TCTAAATCATTGTTATGAGC .. AACTAATATAATCCTACCCT..
baboon ..TCTAAATCATTGTTATGAGC .. AACGAATACAATCCTACTCT...
macaque ..TCTAAATCATTGTTATGAGC .. AACTAATATAATCCTACTCT..
green monkey ..TCTAAATCATTGTTATGAGC .. AACTAATACAATCCTACTCT..
sooty mangabey ..TCTAAATCATTGTTATGAGC .. AACGAATACAATCCTACTCT..
marmoset ..TCTAAATCATTTTTATGAGC .. AACTAATATAATCCTACTCT...
Ma’s night monkey ..TCTAAATCATTTTTATGAGG .. AACTAACATAATCCTACTCT..
tarsier AATCATACTTC...
galago AATTATACTCC...
grey mouse lemur ..TTGAAATCATACTCT...

Fig. 2. The insertion site of an ERV (a MLT1C element) activated during
septic shock.

Pharmacological activation of ERV transcription in cancer cells might be of
therapeutic use. The rationale behind this idea is that ERV-derived RNA mole-
cules might be recognised by inflammasomes as indicating viral invasion. Such
viral mimicry should activate innate immunity, and promote immune rejection

6 Donnard. E., Vangala. P., Afik, S. et al. ‘Comparative analysis of immune cells reveals a conserved
regulatory lexicon’, Cell Systems (2018) 6, 381-394.

7 Mommert, M., Tabone, O., Guichard, A. et al. ‘Dynamic LTR retrotransposon transcriptome land-
scape in septic shock patients’, Critical Care (2020) 24, 96.
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of tumours.® Therapeutic treatment of patients’ blood cell cancers (using the
drug 5-azacytidine) stimulates production of ERV-derived RNA, followed soon
after by gene transcripts that generate proteins effecting innate immunity. The
drug-ERV RNA-innate immunity cascade occurs only in those patients who re-
sponded to the therapy.’

2 Adaptive immunity

The adaptive immune system has the capacity to generate highly specific protec-
tive responses against antigens that have never been encountered before. Adaptive
immunity entails the ability to learn and remember. 1t is constituted by two classes
of cells. B cells make antibodies. T cells both regulate immunity (helper T, cells;
one role is to stimulate antibody production by B cells) and kill abnormal cells
(cytotoxic T, cells).

Our genome possesses three genes that specify the production of antibodies (one
heavy chain and two light chain genes) but, amazingly, our B cell population pro-
duces innumerable antibody proteins, each of which recognises a different antigenic
shape (or epitope). Estimates of the total number of antibody proteins that may be
produced vary from >10"" in mice to 10'® to 10'® in humans.'® T cells similarly pos-
sess_four genes encoding proteins that recognise epitopes, but during their develop-
ment, each T cell generates one receptor protein, so that the community of T cells
detects an astronomical number of different epitopes (10® in any one individual; or
a possible 105-10%° T cell receptors in total).!! How can this generation of diversity
arise?

Consider the /GH gene that specifies production of the heavy chain of antibody
molecules. Three separate segments of DNA encode that part of an antibody mole-
cule that specifically recognises target molecules. Each of these segments is present
in multiple alternative versions (Fig. 3). When each B cell develops, the antibody
gene is rearranged such that any one of each of the segments (V, D and J) is selected
to specify the amino acid sequence of the antibody recognition site. The V-D and

8 Ohtani, H., Liu, M., Zhou, W. et al. ‘Switching roles for DNA and histone methylation depend
on evolutionary ages of human endogenous retroviruses’, Genome Research (2018) 28, 1147-1157.
9 Ohtani. H., @rskov, A.D., Helbo, A.S. et al. ‘Activation of a subset of evolutionarily young trans-
posable elements and innate immunity are linked to clinical responses to 5-azacytidine’, Cancer
Research (2020) 80, 2441-2450; Jones, P.A., Ohtani, H., Chakravarthy, A. and De Carvalho, D.D.
‘Epigenetic therapy in immuno-oncology’, Nature Reviews Cancer (2019) 19, 151-161.

10 Chen, H., Zhang, Y., Ye, A.Y. et al. ‘BCR selection and affinity maturation in Peyer’s patch
germinal centres’, Nature (2020) 582, 421-425; Briney, B., Inderbitzen, A., Joyce, C. and Burton, D.
R. ‘Commonality despite exceptional diversity in the baseline human antibody repertoire’, Nature
(2019) 566, 393-399.

11 Muller, V., de Boer, R.J., Bonhoeffer, S. and Szathmary, E. ‘An evolutionary perspective on the
systems of adaptive immunity’, Biological Reviews (2018) 93, 505-528.
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D-J joining points are spliced together by an error-prone mechanism that introduces
mutations and vastly increases the number of possible protein sequences made.'?

DNA —D-D-D-D-D-D-D—I—H-II—I-I-I-,I-I—I:D—

RAG1, RAG2 %i recombination @

vDJ

transcription@

RNA (— ]

spIicing@

Fig. 3. Strategy of antibody gene assembly. The diagrams depict (from top),
the germ-line organisation of the IGH gene (other V and D segments are not indicated); a
rearranged gene in one B cell; the RNA copied from that particular gene; and the mature
spliced RNA used to make the antibody protein.

DNA

N

mature RNA

Two enzymes are absolutely required for the joining of the V, D and ] seg-
ments. These DNA-shuffling enzymes are known as RAG1 and RAG2 (encoded
by the recombination activating genes). People who inherit scrambled forms
of these enzymes cannot make antibodies and their T cell equivalents. They
manifest severe combined immunodeficiency and are highly susceptible to in-
fections.™

For years, scientists noted that the RAG1 and RAG2 proteins are similar
to transposable element-encoded genes known as transposases. These latter
enzymes enable their respective transposons to hop around host genomes by
a cut-and-paste mechanism. People speculated that RAG1 and RAG2 were de-
rived from a transposase. In 2016, a transposon was discovered in amphioxus
(a tiny fish-like invertebrate) that possessed transposases with striking simi-

12 Wang, Y., Li, J., Burrows, P.D. and Wang, J.-Y. ‘B-cell development and maturation’, Advances
in Experimental Medicine and Biology (2020) 1254, 1-22.

13 Gennery, A. ‘Recent advances in understanding RAG deficiencies’, F1000Research (2019)
8(F1000 Faculty Rev), 148.

34 * Science & Christian Belief, Vol 34, No. 1



Immunity as unity in community: theology in immunology

larly to RAG1 and RAG2. The two DNA-rearranging enzymes belonging to the
amphioxus transposon were dubbed protoRAG.*

The implication is unavoidable: transposon-derived protoRAG genes were
co-opted to provide vertebrate RAG genes. This domestication occurred in an
ancestor of the jawed vertebrates. Scientists have subsequently elucidated key
changes that transformed protoRAG into the RAG enzymes. These alterations in
protein structure changed the enzyme from a genome-disrupting transposase
into an antibody gene-assembling, life-sustaining recombinase.*®

Other ERVs and transposable elements have provided genomic sites that
contribute to regulation of adaptive immunity. For example, an ancient mam-
malian-wide interspersed repeat element that regulates the pro-inflammatory
interleukin-6 gene in T, cells is present in mice and primates, including hu-
mans - co-descendants of the one individual in which this particular element
was added to the mammalian germ-line.*

Another signalling molecule, PD-L1, regulates T cell activity. Of great signifi-
cance to human health, this protein is often over-produced by cancer cells, and
has the effect of suppressing anti-cancer immunity. Recently, therapeutic anti-
bodies have become available that inhibit PD-L1 activity, and so unleash anti-
cancer T cell activity. Different versions of PD-L1 are produced. One of these
arises when gene activity is modified by a fragment of an ancient transposable
element that is present in species as distantly related as humans, elephants
and armadillos. It spliced itself into the genome we have inherited in an ances-
tor of eutherian mammals.'”

Every one of the four million ERVs and transposable elements that populate
our genomes arose by random process. But many of these inserts now contrib-
ute to the elaborate regulatory circuitry that underlies immune function. They
exemplify the power of natural selection that has operated over many millions
of years - that is, over phylogenetic time - a span of time that is at least as
extensive as the age of vertebrates.

The broadly protective activities of innate immunity, and the potential for
adaptive immune function have been honed by evolution over hundreds of mil-

14 Huang, S., Tao, X., Yuan, S. et al. ‘Discovery of an active RAG transposon illuminates the
origins of V(D)J recombination’, Cel/ (2016) 166, 102-114.

15 Zhang, Y., Cheng, T.C., Huang, G. et al. ‘Transposon molecular domestication and the evolution
of the RAG recombinase’, Nature (2019) 569, 79-84; Lieber, M.R. ‘Transposons to V(D)J recombi-
nation: evolution of the RAG reaction’, Trends in Immunology (2019) 40, 668-670.

16 Ye, M., Goudot, C., Hoyler, T. et al. ‘Specific subfamilies of transposable elements contribute to
different domains of T lymphocyte enhancers’, Proceedings of the National Academy of Sciences of
the USA (2020) 117, 7905-7916.

17 Ng, K.W., Attig, J., Young, G.R. et al. ‘Soluble PD-L1 generated by endogenous retroelement
exaptation is a receptor antagonist’, eLife (2019) 8, ¢50256.
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lions of years. In contrast, the actual specific directedness of adaptive immu-
nity, which also requires randomness with selection, develops in the lifespan
of each individual. ‘With innate immunity, the prior self-/not-self-filtering of
reactivity plays out over evolutionary time, whereas acquired immunity plays
out over somatic time.*®

3 Adaptive immunity: somatic evolution by natural
selection

In each individual, natural selection in microcosm underlies the development of
adaptive immunity, paralleling natural selection in macrocosm that underlies the
evolution of species. Both evolutionary histories show the power of chance (ran-
dom mutations that generate diversity) constrained by necessity (lawful selection of
those variants that confer survivability). The evolutionary development of adaptive
immunity in each person’s lifetime is Darwinian.'

Random mutation generates the capacity of each person’s immune system
to recognise an unlimited range of molecular shapes (or epitopes). The RAG
proteins, together with other DNA-altering enzymes, randomise antibody and
T cell receptor genes. Some of these randomised genes turn out to be useful:
they encode proteins that could provide protection against pathogens. Other
genes are misassembled and non-functional. And other genes are harmful:
they encode proteins that might react destructively against the body’s own
tissues. Formation of antibody genes by recombination ‘is inherently random
and error-prone, generating diversity, but often assembling genes that are non-
productive or that encode potentially autoreactive antibodies.?°

It follows that randomisation must be followed by quality control (selection)
that perpetuates the protective genes, discards the misassembled genes, and
eliminates the pathogenic genes. Selection of stochastically generated gene
variants underlies adaptive immunity during the life history of every individu-
al. A new-born B cell has three options.

First, cells that make functional, potentially protective, ‘non-self’-directed
antibodies are positively selected. Each cell with its unique antibody survives
as a valued member of the immune repertoire. If challenged by a microbial
molecule, it generates a clonal population of antibody-secreting descendants
(Fig. 4).2! In this clone of cells, the antibody gene continues to mutate, generat-

18 Forsdyke, D.R. “Two-signal half-century: from negative selection of self-reactivity to positive
selection of near-self-reactivity’, Scandinavian Journal of Immunology (2019) 89, e12746.
19 Muller et al, op.cit, (11).

20 Nemazee, D. ‘Mechanisms of central tolerance for B cells’, Nature Reviews Immunology (2017)
17,281-284.
21 ibid.
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ing modified antibodies, some of which may bind more tightly to the microbial
molecule. Such somatic hypermutation generates antibodies that are subject
continuously to selection, and this on-going interplay of random generation
and directing selection leads to the affinity maturation of antibodies.??

Positive selection has been shown in mice colonised with different popula-
tions of commensal gut bacteria. Antibodies with particular V-H combinations
and mutational modifications are selected by particular bacterial species.?®
A single antibody may recognise ‘self’ and ‘non-self’ molecules with similar
shapes. Somatic hypermutation and affinity maturation generate derivatives
with lower affinity for the ‘self’ and higher affinity for the ‘non-self’ molecules.?*

Second, if gene rearrangements generate non-functional antibodies or po-
tentially harmful ‘anti-self’ antibodies, cells may undergo further antibody
gene rearrangements (undergo receptor editing). Further iterations of gene
randomisation represent attempts to generate antibodies of greater utility and
less capacity for autoimmune damage to ‘self’? Immunologists like theological
metaphors. They have described the mechanism of reiterated mutagenesis as
‘autoantibody redemption’, which provides a path of escape from self-reactiv-
ity.26

Third, if genes remain non-functional or retain strong ‘anti-self’ reactivity,
even after further iterations of randomisation, they will be eliminated. The ul-
timate negative selection step is cell death.?” Otherwise, ‘anti-self” antibodies
would arise and cause autoimmune diseases - the horror autotoxicus imagined
by Paul Ehrlich a century ago.

22 Stebegg, M., Kumar, S.D., Silva-Cayetano, A. et al. ‘Regulation of the germinal center response’,
Frontiers in Immunology (2018) 9, 2469.

23 Chen et al, op.cit. (10).

24 Burnett, D.L., Schofield, P., Langley, D.B et al. ‘Conformational diversity facilitates antibody
mutation trajectories and discrimination between foreign and self-antigens’, Proceedings of the Na-
tional Academy of Sciences of the USA (2020) 117, 22341-22350.

25 Nemazee, op.cit. (20).
26 Burnett et al, op.cit. (24).
27 Nemazee, op.cit. (20); Wang et al, (12).
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Fig. 4. Natural selection of antibody-forming cells. Pre-B cells randomise
their antibody genes as they develop into B cells. Every new B cell makes a cell-bound
antibody with a distinctive binding site (Y-shaped symbols). If this antibody strongly rec-
ognises a ‘self’ molecule, the cell dies (negative selection). Otherwise, the cell will survive
and, if it encounters a threatening ‘non-self’ molecule, will generate a clone of antibody-
secreting cells (positive selection).

Similarly, as T cells develop in the thymus, a vast range of receptors (each
with its unique binding site for molecular shapes) is generated. Again, many
potentially damaging receptors with ‘anti-self’ recognition are produced. Cells
with ‘anti-self” receptor specificity are subject to negative selection and de-
stroyed.?® Those with potential ‘anti-non-self’ function are subject to positive
selection and armed for defensive roles.?

Colling described how we possess ‘billions of preformed B cells’ that ‘appear
to accomplish the impossible - protecting us from virtually anything that might
come our way ... A random design system of this nature thus provides the most
effective mechanism for accomplishing the goal of lifelong protection with the
highest degree of certainty.’ Similarly, of the T cells entering the thymus, 99%
are negatively selected and die.?! As Colling says, ‘this rigid selection protocol

28 Breed, E.R., Watanabe, M. and Hogquist, K.A. ‘Measuring thymic clonal deletion at the popu-
lation level’, Journal of Immunology (2019) 202, 3226-3233.

29 Miller, J.F.A.P. ‘“The function of the thymus and its impact on modern medicine’, Science (2020)
369, 522 (extended abstract) and article eaba2429.

30 Colling, R.G. Random Designer: Created from Chaos to Connect with the Creator, Bourbon-
nais: Browning Press (2004), p.180.

31 ibid., pp.70-71.
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that destroys so many of our hopeful T cells is, in fact, crucial to our survival.??

Theologically, natural selection is an example of the freedom-constrained-
by-lawfulness that makes created reality so fruitful. Colling describes this
system as ‘higher order random design’ and God as the Random Designer.?
Random processes, embedded in created regularity, are integral to the way
God’s purposes are achieved. The process of natural selection, ‘repeating over
and over in an endless and infinite series of trials, propels life toward the
Creator’s ultimate purpose.** Immunologists have called the problem-solving
goal-directed strategy by which B and T cells acquire the ability to recognise
uncountable different epitopes the generation of diversity, GoD. There is more
truth in that than many recognise.

Some people doubt that, through evolutionary history, natural selection
has the capacity to generate the amazing diversity of living organisms. But in
each one of us natural selection is a powerful mechanism for generating new
capacities. Generation of diversity strategies occur also in sexual reproduction
and in neural development.®® They are used by technologists to develop novel
enzymes (directed evolution)®*® and powerful computer programmes (genetic
algorithms).3” The process of science itself (creative hypothesis-generation
sifted by experimental selection) is Darwinian.3®

To some people, natural selection carries objectionable connotations. It has
been reified into a monument to inefficiency and wastefulness, as if mortality
in a physical universe was avoidable or reprehensible. (Do people who so decry
the ‘wastefulness’ of natural selection entertain tacit yearnings for immortal-
ity?) But mortality is a given, and natural selection may be interpreted as a
feature of the irrepressible autopoietic®® exuberance of life (where autopoietic
refers to that inherent capacity of living creatures to develop and to propa-
gate themselves). An effervescent newness rises from creaturely mortality. For
those who believe in a God who brings life out of death (Rom 4:17; 8:11), this
insight is unsurprising.

The products of natural selection cannot be said to be designed - a non-

32 ibid., p.72.

33 ibid., pp.181-182

34 ibid., p.72

35 Muraille, E. ‘Diversity generator mechanisms are essential components of biological systems:
the two queen hypothesis’, Frontiers in Microbiology (2018) 9, 223.

36 Packer, M.S. and Liu, D.R. ‘Methods for the directed evolution of proteins’, Nature Reviews
Genetics (2015) 16, 379-394.

37 Rolston, I H. Genes, Genesis and God, Cambridge: Cambridge University Press (1999), pp.34-
37.

38 ibid., pp.168, 170.
39 ibid., pp.12, 52.
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biblical concept in any case. However the strategy is powerfully life-sustaining.
It invites interpretation of the process as purposive.*°

In summary: adaptive immunity establishes the principle that random vari-
ation followed by ordered selection can generate new information and drive
complexification and the acquisition of new capacities in evolving systems.
The same strategy applies to both the relatively constrained randomness of the
immune system genes, acting in timescales of days, and the less constrained
randomness of organismic genomes, evolving over geological time.

4 Development through learning - the failure of genetic
determinism

Two systems in our bodies require interactions with the outside world for their
operation. First, the development of the social brain requires interpersonal relation-
ship. Psychopathologies arise when children are neglected. Second, the adaptive
immune system requires exposure to microbial products for its ability to control
harmful agents and to tolerate the ‘self” epitopes in our bodies (where folerance
indicates ‘specific unresponsiveness’).*!

The microbiota hypothesis posits that aspects of modern urbanised life
modify microbial communities in our bodies, perturbing the balance between
beneficial symbionts (‘old friends’) and potentially harmful pathobionts. This
state of imbalance (dysbiosis) affects immunity, and may underlie the current
epidemic of allergic and autoimmune diseases.*? Development of a ‘microbial
theory of health’ should lead to the adoption of ‘targeted hygiene’ - lifestyle fac-
tors that favour good microbes over bad and optimise immune development.*?

Consider an example. Transplants of bone marrow cells are often used in
leukaemia therapy. Unfortunately, immune cells in the transplant may react
against the tissues of the recipient. This is the potentially lethal graft-versus-
host (GvH) response. Remarkably, GvH disease in some patients is suppressed

40 Gingerich, O. God s Planet, Cambridge, MA: Harvard University Press (2014), pp.94-95; Giber-
son, K.W. Abraham's Dice, New York: Oxford University Press (2016), pp.276-278.

41 Platt, J.L., de Mattos Barbosa, M.G. and Cascalho, M. ‘The five dimensions of B cell tolerance’,
Immunological Reviews (2019) 292, 180-193.

42 Caruso, R., Lo, B.C. and Nunez, G. ‘Host-microbiota interactions in inflammatory bowel dis-
ease’, Nature Reviews Immunology (2020) 20, 411-426; Alexander, M. and Turnbaugh, P.J. ‘De-
constructing mechanisms of diet-microbiome-immune interactions’, Immunity (2020) 53, 264-276;
Wargo, J.A. ‘Modulating gut microbes’, Science (2020) 369, 1302.

43 Sonnenburg, J.L. and Sonnenburg, E.D. ‘Vulnerability of the industrialized microbiota’, Science
(2019) 366, eaaw9225; Scott, E.A., Bruning, E., Nims, R.Y. et al. ‘A 21st century view of infection
control in everyday settings: moving from the germ theory of disease to the microbial theory of
health’, American Journal of Infection Control (2020) 48, 1387-1392.
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by transfer of gut bacteria from unrelated donors.** The immune system, natu-
rally reactive against foreign cells, can be re-educated by symbiotic microbes.
Immune systems are controlled by genes and by microbial communities.

Some people speak as if we are mere gene machines, obedient robots that
meekly obey the dictates of our genes. The strategy of immune system develop-
ment refutes that dogma. Immunological systems are a corrective to those out-
side the field of immunology who might entertain ideas of genetic determin-
ism. Immunity, like the brain, develops from the ongoing interaction between
genes and their indefinably complex environments. Immunologically, we are
not self-sufficient monads, autonomous gene machines. The microbiota-immu-
nity-gut-brain axis is paradigmatic of the dependence of well-being on external
relationships.*® Integral to this axis are psychological considerations (anxiety,
depression), which influence, and are influenced by, inflammatory abnormali-
ties in the gut.*®

In general, ‘immune system processes are influenced by social, neurocog-
nitive and behavioural factors.” Cognitive behaviour therapy has beneficial ef-
fects on inflammatory cytokines (suppressing interleukin-6 levels) and on cells
mediating immunity (such as T, cells). Benefits have been seen particularly in
patients with autoimmunity and HIV/AIDS.*” The burgeoning field of psycho-
neuroimmunology is replete with examples of how social and mental factors
are reflected in cerebral and immunological processes.*® Mind-immune/body
relationships emphasise that we reside in both noosphere and zoosphere - the
dimensions of mind or spirit on the one hand, and of biology on the other. The
biblical picture of humanity is of a psychosomatic unity - we can be viewed,

44 Biernat, M.M., Urbaniak-Kujda, M., Dybko, J. et al. ‘Fecal microbiota transplantation in the
treatment of intestinal steroid-resistant graft versus-host disease: two case reports and a review of the
literature’, Journal of International Medical Research (2020) 48, 1-11; van Lier, Y.F., Davids, M.,
Haverkate, N.J.E. et al. ‘Donor fecal microbiota transplantation ameliorates intestinal graft-versus-
host disease in allogeneic hematopoietic cell transplant recipients’, Science Translational Medicine
(2020) 12, caaz8926

45 Pennisi, E. ‘Meet the psychobiome’, Science (2020) 368, 570-573; Tong. J., Satyanarayanan,
S.K. and Su, H. ‘Nutraceuticals and probiotics in the management of psychiatric and neurological
disorders: a focus on microbiota-gut-brain-immune axis’, Brain, Behavior and Immunity (2020) 90,
403-419; Teratani, T., Mikami, Y., Nakamoto, N. et al. ‘The liver-brain—gut neural arc maintains the
Treg cell niche in the gut’, Nature (2020) 585, 591-596.

46 Labanski, A., Langhorst, J., Engler, H. and Elsenbruch, S. ‘Stress and the brain-gut axis in
functional and chronic-inflammatory gastrointestinal diseases: A transdisciplinary challenge’, Psy-
choneuroendocrinology (2020) 111, 104501.

47 Shields, G.S., Spahr, C.M. and Slavich, C.M. ‘Psychosocial interventions and immune system
function: a systematic review and meta-analysis of randomised clinical trials’, Journal of the Ameri-
can Medical Association Psychiatry (2020) e200431

48 Jeeves, M. ‘The emergence of human distinctiveness: the story from neuropsychology and
evolutionary psychology’, In Jeeves, M. (ed) Rethinking Human Nature, Grand Rapids: Eerdmans
(2011), p.188.
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depending on perspective, as spiritual or as physical creatures in which the
spiritual aspect is embedded inextricably in the physical.* It is the whole per-
son who is redeemed; it will be the whole person who will be transformed in
resurrection.>®

We are persons created by persons, matter moulded by others’ matter,
formed through gene-environment interactions - whether that environment
is personal or material.>! Image of God terminology emphasises our others-
dependence. Our development is not autonomous but depends on God’s grace
‘bestowed upon the whole of humankind as a community.*? This understand-
ing of our dependence upon a faithful God acts to protect us from prevailing
trends that see us as individualistic, gene-directed, self-centred monads devoid
of intrinsic value.>® As Green states, ‘the nature of humanity derives from the
human family’s relatedness to God. The concept of the imago dei, then, is fun-
damentally relational, or covenantal.** Humanity is ‘created, restored, trans-
formed, embodied’®® - the passive voice indicating God’s action.

5 A paradigm of unity from diversity

St Paul described the body and its hands, eyes, and ears as a metaphor of the
church, the body of Christ (Eph 1:23). The intricacies of the immune system invite
us to extend this metaphor to life in the church. One cannot presume to improve
on St Paul’s theology of the body of Christ. However, there is an intuitive appeal
in adapting Paul’s imagery of the body to the immune system because, like the
church, it is paradigmatic of inter-dependent collaboration. Myriad intricately coor-
dinated cells mediate immunity; analogously, myriad integrated people serve in the
church. The work of cells and of servants is mutually illuminating. And of course,
the functioning of any living, growing tissue could be used as a trope for interac-
tions between Christ’s followers, as exemplified by the classic reflections of Brand
and Yancey.*

49 ibid., p.190; where this understanding is termed dual aspect monism.

50 Wright, N.T. and Bird, F. The New Testament in Its World, London: SPCK (2019), pp.300, 311-
313, 493-494.

51 Alexander, D.R., Are We Slaves to Our Genes? Cambridge: Cambridge University Press (2020).
52 ibid., p.202.

53 ibid., p.202.

54 Green, J.B. ‘Humanity - created, restored, transformed, embodied’, In Jeeves, M. (ed) Rethink-
ing Human Nature, Grand Rapids: Eerdmans (2011), p.274.

55 ibid., pp.271f.

56 Brand, P. and Yancey, P. Fearfully and Wonderfully Made, London: Hodder and Stoughton
(1980); In His Image, Grand Rapids: Zondervan (1984).
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51  Unity

Innate and adaptive immunity comprise an integrated, interdependent whole.
Innate immune cells process antigens, so regulating adaptive responses, which in
turn orchestrate innate cell functions. The clonal selection of cells is ‘an emergent
property, a new information system.’*” Its advent represents a major transition in
evolution, like multicellularity and animal eusociality. It stores information in an
open-ended way.*

Analogously, the indivisible body of Christ is unprecedented, a true innova-
tion. ‘There is one body’ (Eph 4:4); ‘we are one body in union with Christ’ (Rom
12:5). As Wright says, ‘the Messiah’s body, is nothing short of a new version of
the human race. ... The unity of God’s people in the Messiah is the most obvious
worldview-symbol Paul has.’>

The body’s integration, despite its disparate (and previously incompatible)
component parts, is revolutionary: ‘all of us, whether Jews or Gentiles, whether
slaves or free, have been baptised into the one body by the same Spirit’ (1Cor
12:13; Eph 2:16; 3:6). It follows that any ‘distinctions of class and wealth ...
flies in the face of Paul’s entire vision of the one church, the central symbol
of its own worldview.® The body of Christ, unlike the civic body of the Stoics,
rejected every ethnic and social distinction by which civic life was marked.®!

5.2 Diversity

Many types of cells constitute the immune system. ‘Each drop of blood provides
a snapshot of many lineages, as well as dozens of differentiation and activation
states.”®* Diversity or variety at all levels of biology, from immune systems to eco-
systems, is associated with vitality and resistance to adversity. If living systems are
to prove resilient in the face of diverse environmental challenges, they will need to
be constituted by a commensurate diversity. This correlation has been expressed as
the ‘law of requisite variety.”®

In human terms, the multiple types of people who constitute the body of
Christ attest to a high valuation of individuality, and of the particular contribu-
tions made by each person. ‘Christ is like a single body which has many parts ...
For the body itself is not made up of only one part but of many parts ... As it is,

57 Muller et al, op.cit. (11).

58 ibid., pp.510-511.

59 Wright, N.T. Paul and the Faithfulness of God, London: SPCK (2013), p.396, also 426
60 ibid., p.1346.

61 ibid., pp.1333-1334.

62 Pulendran and Davis, op.cit. (1).

63 W.R. Ashby in Muraille, op.cit. (35).
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there are many parts but one body’ (1Cor 12:12-27; Rom 12:4). Diversity in the
body is richness, vitality. The various contributions of members are required
for the good of all. Wenham reminds us that the body operates when the mem-
bers are bound together by love, and by the exercise and recognition of their
different gifts and ministries.®*

5.3 Life-giving and -regulating

Immune system operations involve myriad cells of diverse types. Integration
requires meticulous control. Coordinating regulation exists at numerous levels to
ensure unity of action by the multiplicity of members. Cellular activity is integrated
by neural signals, hormones and cytokines, direct cell-cell contact and environ-
mental triggers. All-pervasive regulators include major histocompatibility proteins
that continually survey the uncountable assortment of molecules that are part of,
or that become associated with, our bodies. These proteins are required for ‘self/
non-self” discrimination and for the acquisition of specific immunity to microbes. In
the artificial context of contemporary biomedicine, they promote rejection of organ
transplants and induce GvH reactions.® Key major histocompatibility proteins ex-
ist in so many variants that each person’s assemblage is unique. This diversity is
summed across all the individuals in a community (thus extending the diversity
within individuals as described in section 5.2 above). The diversity of major his-
tocompatibility proteins increases the likelihood that at least some individuals will
respond adequately to novel microbes, and so may contribute to the resilience of
human populations to epidemics of pathogens.®® Their protective roles may thus
extend beyond the individual to communities. Children who inherit mutations that
ablate major histocompatibility function are highly vulnerable to infections.®’

In the same way that immune cell activities are integrated by all-encompass-
ing regulatory signals, the controlling presence of Christ defines the constitu-
tion, and creates the directedness and cohesiveness of his body, in all the het-
erogeneity of its members - their temperaments, capacities, cultures and social

64 Wenham, D. Paul: Follower of Jesus or Founder of Christianity? Grand Rapids: Eerdmans
(1995), p.185.

65 Kamal, S., Kerndt, C.C. and Lappin, S.L. ‘Genetics, histocompatibility antigen’, In StatPearls,
Treasure Island: StatPearls Publishing (2020).

66 Heijmans, C.M.C., de Groot, N.G. and Bontrop, R.E. ‘Comparative genetics of the major his-
tocompatibility complex in humans and nonhuman primates’, International Journal of Immunoge-
netics (2020) 47, 243-260. Interestingly, the MHC arose with jawed vertebrates — the epoch of RAG
protein domestication and the origins of adaptive immunity.

67 Abolnezhadian, F., Dehghani, R., Dehnavi, S. et al. ‘A novel mutation in RFXANK gene and low
B cell count in a patient with MHC class II deficiency: a case report’, Immunologic Research (2020)
68, 225-231; Cai, Y.Q., Zhang, H.H., Wang, X.Z. et al. ‘A novel RFXANK mutation in a Chinese
child with MHC II deficiency: case report and literature review’, Open Forum Infectious Diseases
(2020) 7, ofaa314.
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backgrounds. The authority of Christ, and submission to that authority, are the
non-dissociable markers of membership in the body of Christ. He completes
(Eph 1:23, GNT),*® rules and saves (Eph 5:23), cares for (Eph 5:29-30), and is
the source of life of (Col 1:18) his body.

According to Wright, the metaphor of the Messiah’s body encapsulates the
idea of corporate christology.®® The Messiah is ‘the representative of his people’,
the one who draws them together, ‘with the main point being the unity of that
company, and in particular their unity across traditional boundary-lines.”® The
phrase en Christo (‘in union with Christ, GNT) parallels the body metaphor. It
stresses the participation of the members in the life of Christ.”* Those who are
en Christo derive their life from him.”?

The Spirit of the Messiah is the body’s all-pervading immanent source of life,
unity and purpose (1Cor 12:13). The Spirit empowers his members to expose
and reject evil, and bring healing and regeneration.

54 Interaction

White blood cells mediate core immunological functions. They migrate as in-
dividuals, unlike brain cells that are locked into stable networks, and respond to
inputs by dynamic remodelling of cell extensions (dendrites) and cell-cell contacts
(synapses). Nevertheless, immunological cells connect with each other intimately
and with bewildering complexity’” at multi-component communication points
called immunological synapses.” These collaborating cells manifest a physical,
information-sharing and life-sustaining togetherness.

Interacting immune cells provide a metaphor of how, under Christ’s control,
the diverse members of his body form a connected, mutually facilitating to-
getherness. In the various terms of St Paul, they fit together, are held together
(Eph 4:16; Col 2:19), are joined together (Rom 12:5), are members together
(enjoined to truth-telling, Eph 4:25), and are called together (guided by the
peace of Christ, Col 3:15). The members of the body of Christ are in constant

68 as JB Phillips translates it, ‘For the Church is his body, and in that body lives fully the one
who fills the whole wide universe.’ In other words, the body is not the completion of Christ, but is
completed by Christ. This expression is favoured also by Stott, J.R.W. God's New Society, Leicester:
IVP (1979), pp.64-66.

69 Wright, op.cit. (59), p.825.
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71 ibid., p.825; op.cit., Wenham, (64), pp.188-189.

72 as indicated, for example, in Gal 3:27; 5:10; Cor 4: 15, 17; 15:22, 31; Rom 6:23; Rom 8:2; Eph
1:1; Col 1:10; Phlm 1:6; Phlp 1:26; 3:3; 4:10; 1 Jn 5:20.

73 Stebegg et al, op.cit. (22).

74 Binder, C., Cvetkovski, F., Sellberg, F. et al. ‘CD2 immunobiology’, Frontiers in Immunology
(2020) 11, 1090.
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and necessary communication. ‘If one part of the body suffers, all the other
parts suffer with it’ (1Cor 12:26). Hauerwas and Willimon indicate that every
‘self’ must be communally created.”” God deals with us only in ways that are
‘social, communal, familial, colonial.’® Indeed, ‘nothing the gospel asks of us ...
is expected of us as loners.”’

5.5 Dynamic development

We are born with an immature adaptive immune system. It develops only through
intimate and on-going interaction between the internal world of ‘self”, and the ever-
changing biotic (especially microbial) world. The immune system is communal in
the way it progressively learns, adapts and remembers throughout life.”

The body of Christ is also an ever-developing community. The capacities that
Christ provides are intended ‘to build up the body of Christ’ (Eph 4:12). ‘So
when each separate part works as it should, the whole body grows and builds
itself up through love’ (Eph 4:16; Col 2:19). As Alexander says, being a bearer
of God’s image is ‘a dynamic ongoing developmental process carried out in re-
lationship in which God delegates responsibilities through the human social
community.”’

Green describes how human ‘(trans)formation is fully embodied within a
nest of relationships, a community.®® He posits that human formation is a pro-
cess.?! Disciples are formed ‘in a process of conversion [entailing] a reconstruc-
tion of one’s self within a new web of relationships, ... an ongoing transforma-
tion of one’s theological and moral imagination that necessarily locates and
immerses one in the multi-ethnic community of God’s people.®?

In an apparent paradox, development of multicellular organisms and com-
ponent tissues includes and indeed requires the death of redundant, worn
out or damaged cells. Most new-born B cells and T cells are self-reactive and
are eliminated. In the thymus, cells with misassembled receptors, and with
strongly ‘anti-self’ reactivity undergo minutely regulated ‘death by neglect’ and
‘clonal deletion’ mechanisms, respectively.®?

75 Hauerwas, S. and Willimon, W.H. Resident Aliens, Nashville: Abingdon (1989), p.65.
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Analogously, for Paul, freedom from ‘self’ requires ‘death to self’. Spiritual
development requires extirpation (cleaning or pruning to use the metaphor of
the vine; John 15:2) of self-orientated elements of the human nature. ‘You have
also died because you are part of the body of Christ’ (Rom 7: 4). The paradox
of death as a means to life is a theological theme (Gal 2:20; Rom 6:5-11; John
12:24-25).

5.6 Pathology

Features of Western civilisation (enriched diets, over-use of antibiotics) have
been connected with derangement of immune systems: epidemics of allergies,
chronic inflammatory diseases,® autoimmunity, and colorectal cancer.® Changing
environments are disordering immune reactivity.*’

St Paul saw the irreducible unity of the body of Christ as the supreme sym-
bol of the new creation. Consequently, ‘anything which fragments the unity of
the lord’s single “body” is a crime against the lord himself’® Paul fulminated
against divisive pathologies, which destroyed the body of Christ: immorality
(1Cor 6:15), idolatry (1Cor 10:14-17),®° and disdain for disadvantaged mem-
bers at the eucharistic meal (1Cor 11:27-29). Malaise arose in members who
had ‘stopped holding on to Christ who is the head of the body’ (Col 2:19). Simi-
lar pathologies compromise the function of the contemporary body of Christ.

6 Beyond ‘self’ and ‘non-self’

‘Self/non-self” terminology is conventional parlance. But it misrepresents the
discriminatory functions of the immune system. The assumption is that ‘self” should
be tolerated and ‘non-self’ should be rejected. But innocuous substances such as al-
lergens and dietary components are ‘non-self” and should be wholly tolerated. And
myriad ‘non-self” microbes inhabiting our bodies are symbiotic — they are essential
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and Liu, Z. ‘Interplay of intestinal microbiota and mucosal immunity in inflammatory bowel disease:
a relationship of frenemies’, Therapeutic Advances in Gastroenterology (2020) 13, 1-11.

88 Wright, op.cit. (59), p.1347.
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to our well-being.”® Appropriately functioning immune systems learn to tolerate
such symbionts.

Inthe 1990s, Polly Matzinger proposed that the immune system is concerned,
not essentially with molecules that are ‘non-self’, but with molecules that have
the potential to inflict damage.”* The discovery of inflammasomes (section 1)
as one type of sensor for danger signals, provided a basis for her proposal.
Thus we should discard the idea that the immune system discriminates ‘self’
from ‘non-self’ in favour of the idea that the immune system discriminates
‘non-harm’ (our own cells, symbiotic microbes and innocuous molecules) from
‘harm’ (pathogenic cells and microbes). Adaptive immunity is a ‘safe /non-safe’,
‘health/non-health’ discriminator.

An historian has criticised immunological ‘self/non-self’ parlance for its
influence on conceptions of individual identity. The boundaries between ‘self’
and non-self’ are now seen as very porous. ‘The biological self has been re-
framed as a cluster of communities, all in communication with each other’®?
We are not self-sufficient. Our openness to the outside word has led some
scientists to describe ourselves as holobionts or metaorganisms, cooperating
communities of human and microbial cells.??

The ‘self/non-self’ terminology sits uneasily with the body of Christ, which
does not exist to maintain boundaries between in an in-group (‘self”) and an
out-group (‘non-self’). Rather, the body of Christ consists of persons who are
incomplete in themselves. Our sense of self is given only when we live in ongo-
ing relation to the people of God, as constituted by the covenant and promises
from God.**

The body of Christ exists to differentiate between ‘non-harm’ and ‘harm’.
Scripture uses various terms to describe the dualities between which discrimi-
nation is appropriate. There is light and darkness (Eph 5:8-14); life and death
(Eph 2:1-5); the Spirit and human nature (‘flesh’) (Gal 5:16-26; Rom 8:3-17).%
Humans face increasing intensities of intolerance, prejudice and untruthful-
ness. The church’s immunological role is to act unitedly with discrimination to
resist evil and to promote God’s healing shalom within and beyond its corpo-
rate structure.
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48 * Science & Christian Belief, Vol 34, No. 1



Immunity as unity in community: theology in immunology

In a world wracked by COVID-19 (and other threats), the Church ‘incarnate
as Christ’s body must live, breathe and unites its members amidst the diversity
of human history and culture.” It mission is two-fold: ‘to feed and sustain those
who are in the body’; and ‘to proclaim the Word ... to bring more people to
Christ.?®
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