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Abstract

Septic syndromes induce immune alterations that
have long been considered solely an overwhelming
pro-inflammatory response. Increasing evidence
now suggests that, after the first pro-inflammatory
hours, sepsis is accompanied by the occurrence of

a systemic immune failure. Here, novel perspectives
regarding sepsis-induced lymphocyte alterations will
be discussed in the context of a recently published
study investigating overtime evolution of co-inhibitory
lymphocyte receptor expressions in patients with
severe sepsis.

The work of Boomer and colleagues [1] in the previous
issue of Critical Care provides further insights into the
concept of sepsis-induced immunosuppression [2,3].
Clinical observations have shown that many patients
with severe sepsis survive the first critical hours of the
syndrome but eventually die in a state of immunosup-
pression. This immune failure is illustrated by patients’
difficulty in fighting the primary bacterial infection,
decreased resistance to secondary nosocomial infections,
and reactivation of viral infections that normally are
solely pathogenic in immunocompromised hosts [4,5].
Both innate and adaptive immune responses are affected
after sepsis. However, in the last five to 10 years, much
attention has been given to the study of the innate side of
the immune response, in particular via monitoring of the
decreased expression of monocyte HLA-DR (a monocyte
anergy biomarker whose decreased levels are associated
with mortality and nosocomial infections in critically ill
patients). Meanwhile, sepsis-induced adaptive immune
failure has been somewhat under-appreciated.
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Sepsis-induced lymphocyte alterations include severe
lymphopenia due to increased apoptosis, decreased T-
cell proliferation and cytokine production after stimu-
lation, and increased percentage of circulating regulatory
T (Treg) cells. Very recently, the loss of T-cell receptor
repertoire diversity (assessed at the molecular level) was
shown to be associated with increased mortality and risk
for nosocomial infections in patients with septic shock,
independently of lymphopenia [6].

The study by Boomer and colleagues reinforces these
observations and complements the outstanding work on
post-term biopsies recently published by the same group
[7]. Importantly, the latter study showed that sepsis-
induced immunosuppression is a severe and profound
mechanism occurring not only systematically but also
locally in organs. Indeed, the authors demonstrated that,
in deceased patients with septic shock, both lung and
spleen lymphocytes were markedly immunodepressed
(decreased cell counts, altered functional response to
stimulation, and increased co-inhibitory receptor
expressions).

Here, the investigators extended these observations by
prospectively monitoring circulating lymphocytes in
patients with sepsis. More specifically, a panel of co-
inhibitory receptor expressions (PD-1, BTLA, CTLA-4,
TIM-3, and LAG-3) along with CD127 (receptor for
interleukin 7 (IL-7), a key cytokine in lymphocyte func-
tion) were determined in parallel with Treg cell percent-
age and lymphocyte functional response. In regard to co-
inhibitory receptor expressions, the main result of the
present study is to show that, although only low levels of
expressions were observed at the onset of sepsis, these
expressions over the first week were progressively
upregulated on lymphocytes of patients with sepsis.
Along with the decreased CD127 expression (a feature of
exhausted lymphocytes) and the increased percentage of
circulating Treg cells (the major immunosuppressive cells
in the body), this upregulation suggests that a full picture
of lymphocyte exhaustion occurs within a few days in
patients with sepsis [8]. Interestingly, this observation is
very similar to clinical observations made in patients
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with chronic viral infections such as HIV. Importantly,
these results support the concept of ‘delayed immuno-
suppression’ after sepsis.

Another interesting observation is that these increased
co-inhibitory receptor expressions were associated with
altered functional responses (that is, decreased interferon-
gamma production after stimulation). Most importantly,
the authors suggest that impaired lymphocyte functions
after sepsis could be reversible. Here, ex vivo incubation
of patients’ cells with fresh media improved responses.
This improvement likely indicates that it remains possible
to rejuvenate lymphocytes after sepsis and thus this
opens novel therapeutic strategies in battling sepsis-
induced immunosuppression. This is of the utmost
importance since sepsis-induced immune alterations are
known to be associated with increased mortality and
nosocomial infection rates in patients. Given the central
role of lymphocytes (mainly, CD4* T cells) in orchestrat-
ing immune responses, one may expect that restoring
their function can generate a positive global effect,
mediated by both lymphocytes and innate immune cells,
on the overall immune response.

Two therapeutic strategies are conceivable: blocking
negative/co-inhibitory pathways (for example, with anti-
PD-1 antibodies) or boosting lymphocyte functions. In
the latter case, recombinant human IL-7 would represent
a major candidate. Of note, these two approaches are
already used and assessed in cancer and chronic viral
infections [9,10], which are clinical conditions that share
many similarities with lymphocyte dysfunctions des-
cribed in sepsis.

However, one limitation, duly acknowledged by the
authors, needs to be reiterated. Although a large battery
of co-inhibitory receptor phenotyping was performed,
the low number of patients included precludes any robust
conclusion, especially in regard to correlations with
clinical outcomes. Despite this limitation, this study
reinforces the idea that, after severe sepsis, patients
develop a phenotype of lymphocyte exhaustion. This
agrees with previous results postulating that immuno-
stimulating therapies aimed at battling lymphocyte
anergy and exhaustion could restore immune function in
immunodepressed patients [11] and thus help in
decreasing mortality after sepsis.
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