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Tune the cord into right chords—activating a “paralyzed” immune
system by silencing thoracic interneuron
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Spinal cord injury (SCI) results in devastating impairment
of motor function. An under-appreciated yet equally
important complication in chronic SCI is infection. The
increased risk of infection in patients living with SCI has
traditionally been attributed to motor-paralysis such as
dysphagia or neurogenic bladder resulting in pneumonia
or urinary tract infection. However, a condition known
as SCI-induced immune depression syndrome is thought
to decrease adaptive and innate immunity, leading to
increased susceptibility to infections (1). A study by Ueno
et al., seeks to elucidate the cellular mechanism of this
phenomenon (2).
Immunologically, SCI is thought to be a condition
associated with immune suppression and concomitant state
of chronic inflammation (3). The immune system is under
neurological control via the direct innervation of primary
and secondary lymphoid tissues by autonomic nerve fibers
of the sympathetic nervous system (4). As lymphoid organs
such as the spleen are innervated by sympathetic neurons
that originate from regions throughout the thoracolumbar
spinal cord, an injury at or above this spinal cord level
may induce immune suppression (5). Segmental spinal
cord level-dependent impairment in B-cell function has
been demonstrated in mice when comparing high (T3) to
mid-thoracic (T9) SCI. It has been shown that after high
thoracic SCI, autonomic control of the spleen was disrupted
that led to immune suppression, whereas mid-thoracic
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SCI preserved autonomic control of the spleen resulting in
intact B-cell activation response (6).
Similar results were observed by Ueno et al. in that
splenic atrophy and leucopenia were observed in high (T3)
but not mid-thoracic (T9) SCI. The authors compared the
spinal cord-spleen circuit in in high (T3) and mid-thoracic
(T9) SCI by injecting GFP-expressing pseudorabies
virus (PRV) into spleen. The following two aspects were
compared between T3 and T9 SCI:
(I)
The spatial distribution of the spleen-innervating
neurons in the gray matter of thoracic spinal cord, and;
(II) The number of interneurons that form new
synapses with sympathetic preganglionic neurons (SPNs)
after the spinal cord injury.
The results showed that there was a significant increase
of the thoracic interneurons forming new synapses with
SPNs after T3 SCI while no significant change after T9
SCI.
Neurotransmitter staining results further revealed that
these spleen modulating SPN were cholinergic excitatory
neurons, whereas the SPN presynaptic interneurons were
glutamatergic excitatory neurons. This is the first time that
the splenic neuromodulatory SPNs and the associated presynaptic interneurons have been identified, in addition to
the distribution of these neurons after SCI.
By comparing the cholinergic SPN and glutamatergic
SPN presynaptic interneuron distribution after high (T3)
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to the mid-thoracic SCI (T9), the number of interneurons
significantly increased after high-thoracic injury but
remained the same after mid-thoracic injury (7). This
suggest that the loss of innervation from the brain induced
neuronal plasticity in high thoracic level while mid-thoracic
SCI did not perturb the splenic neural circuit. The increase
of the glutamatergic interneurons after high-thoracic SCI
also suggests that the splenic immune suppression may
be caused by SPN hyper-excitation, a result of increased
glutamatergic interneurons. The hyper-excitation of SPN
induced splenic norepinephrine elevation and suppressed
immune function. This hypothesis was validated by rescue
of the immune suppression in high-thoracic SCI through
designer receptors exclusively activated by designer drugs
(DREADDs)-induced SPN-presynaptic interneuron
inhibition.
SCI results in severe functional deficits along with
immunological complications. This study provides
a better mechanistic understanding of the neuralimmune circuit that results from immunosuppression
after SCI. Development of inhibitors of these excitatory
spinal interneurons through cell-based therapies and
pharmacological agents may effectively address this
complication in individuals suffering from SCI.
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