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Abstract

Patients with cancer who develop sepsis have a markedly higher mortality than patients who were
healthy prior to the onset of sepsis. Potential mechanisms underlying this difference have
previously been examined in two preclinical models of cancer followed by sepsis. Both pancreatic
cancer/pneumonia and lung cancer/cecal ligation and puncture (CLP) increase murine mortality,
associated with alterations in lymphocyte apoptosis and intestinal integrity. However, pancreatic
cancer/pneumonia decreases lymphocyte apoptosis and increases gut apoptosis while lung
cancer/CLP increases lymphocyte apoptosis and decreases intestinal proliferation. These results
cannot distinguish the individual roles of cancer versus sepsis since different models of each were
used. We therefore created a new cancer/sepsis model to standardize each variable. Mice were
injected with a pancreatic cancer cell line and three weeks later cancer mice and healthy mice were
subjected to CLP. Cancer septic mice had a significantly higher 10-day mortality than previously
healthy septic mice. Cancer septic mice had increased CD4" T cells and CD8" T cells, associated
with decreased CD4* T cell apoptosis 24 hours after CLP. Further, splenic CD8+ T cell activation
was decreased in cancer septic mice. In contrast, no differences were noted in intestinal apoptosis,
proliferation or permeability, nor were changes noted in local bacterial burden, renal, liver or
pulmonary injury. Cancer septic mice thus have consistently reduced survival compared to
previously healthy septic mice, independent of the cancer or sepsis model utilized. Changes in
lymphocyte apoptosis are common to cancer model and independent of sepsis model whereas gut
apoptosis is common to sepsis model and independent of cancer model. The host response to the
combination of cancer and sepsis is dependent, at least in part, on both chronic co-morbidity and
acute illness.
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The global burden of sepsis is enormous, with over 31.5 million cases of sepsis and at least 5
million deaths annually (1). Outside of antibiotics, treatment for sepsis is non-specific,
leading to intense efforts to better understand the mechanisms behind mortality from sepsis
(2-4). However, not all patients have the same risk of developing sepsis or of having a poor
outcome if they become septic (5). Patients with cancer are nearly ten times more likely to
develop sepsis than the general population (6). Further, cancer represents the most common
co-morbidity in septic patients, and sepsis is the leading cause of ICU admission in patients
with malignancy (7-9). Notably, cancer is the co-morbidity associated with the highest risk
of death in sepsis, and hospital mortality can exceed 50% in patients with cancer and sepsis
(9-12).

The etiology behind the increased mortality seen in cancer septic patients is multifactorial.
Some deaths are attributable to secondary effects of cancer treatment such as chemotherapy.
However, other deaths are likely related to the host’s inability to develop an adaptive
response to infection in the setting of pre-existing immunosuppression as well as immune
cell exhaustion related to the underlying malignancy (13).

In an effort to better understand how cancer impacts the pathophysiology of sepsis, we have
previously published two preclinical studies on mice that received injections of
transplantable cancer cell lines prior to the onset of sepsis (14;15). Both demonstrated
increased mortality in cancer septic mice compared to previously healthy septic mice,
mirroring outcomes seen in patients. However, findings outside of mortality varied
significantly between the models. Mice with pancreatic cancer followed by Pseudomonas
aeruginosa pneumonia had decreased T cell apoptosis and increased intestinal epithelial
apoptosis, without changes in local infection control, renal function or liver function (14). In
contrast, mice with lung cancer followed by CLP had increased CD4" T cell apoptosis and
no change in intestinal epithelial apoptosis but a decrease in crypt proliferation, decreased
local infection, increased BUN and creatinine, and increased BAL protein (15). It is notable,
however, that both the cancer model (pancreas, lung) and sepsis model (pneumonia, CLP)
differed in these sets of experiments making it difficult to ascertain the relative contributions
of cancer and sepsis towards these outcomes. We therefore developed a new model
(pancreatic cancer followed by CLP) using a common variable from each of these prior
publications to determine the relative importance of pre-existing comorbidity and type of
sepsis on the physiologic abnormalities induced by the combination of cancer and sepsis.
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Six week old male C57BI6 mice were obtained from Jackson Laboratories (Bar Harbor,
Maine) and housed in an approved animal facility at Emory University. Male mice were
used in light of a desire to compare to our original publication on cancer and sepsis (14),
which was published prior to the current NIH policy on rigor and reproducibility. Mice were
allowed 1 week to acclimatize to the animal facility before any interventions were
performed. Animals were then randomized to either receive cancer or not and were followed
for an additional three weeks. All animals were then subjected to CLP at ten weeks of age,
and they were either sacrificed 24 hours later or followed ten days for survival. Mice had
free access to food and water throughout. All mice that were injected with tumor cells were
monitored according to the Emory IACUC guidelines for tumor burden and were sacrificed
if the tumor ulcerated, caused difficulties in ambulation or exceeded acceptable tumor size.
In addition, all animals were checked twice daily after the induction of CLP, and moribund
animals were sacrificed. All experiments were performed in accordance with the National
Institutes of Health Guidelines for the Use of Laboratory Animals and were approved by the
Institutional Animal Care and Use Committee at Emory University School of Medicine
(Protocol DAR-2003199-071415N).

Cancer models

Mice randomized to the cancer group received a 200 pl subcutaneous injection into the right
hind-limb containing 375,000 live cells from the mouse pancreatic adenocarcinoma cell line
Pan02 (16). Cancer cells were cultured in RMPI medium with 10% fetal bovine serum, 1%
penicillin-streptomycin, 1% glutamine, and 1% 4-(2-hydroxyethyl)-1-
piperazeneethanesulfonic acid (Cellgro, Herndon, VVA). Prior to injection, cells were lysed
from culture using 0.25% trypsin, washed, and re-suspended in PBS. Control mice
(subsequently referred to as previously healthy) did not receive any injections and thus had
no intervention prior to CLP. To verify that the presence of vehicle alone did not impact
CD4* and CD8™ cell numbers, apoptosis and activation, mice injected with vehicle alone
and mice without injection were compared by flow cytometry three weeks after injection
and no difference was noted in any group (Supplemental figure 1). Cancer mice and
previously health mice were monitored for the identical length of time after arrival to the
animal facility and thus were aged matched throughout all experiments. Of note, body
weights were similar between previously healthy animals and cancer mice three weeks after
injection of cancer cells (i.e. just prior to the induction of sepsis): 22.7 £ 1.6 grams vs. 23.1
+ 1.6 grams, p=0.68.

A different group of cancer mice received a 200 pl subcutaneous injection into the right
hind-limb of 250,000 live cells from the murine lung carcinoma cell line (LLC1, American
Type Culture Collection, Manassas, VA) as previously described (15).

Sepsis models

Animals were subjected to CLP, a well-established murine model of polymicrobial intra-
abdominal sepsis (17). Mice were anesthetized via inhaled isoflurane and a midline
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abdominal incision was made. The cecum was identified, exteriorized and ligated near its
base with silk suture. The cecum was then punctured twice with a 25-gauge needle, and a
small amount of stool was extruded. The bowel was then returned to the abdominal cavity,
and the incision was closed. To minimize animal suffering, all mice received pre-operative
analgesia with Buprenex (0.1 mg/kg, McKesson Medical, San Francisco, CA). Mice
received a 1ml subcutaneous injection of sterile saline immediately after surgery, and
antibiotics (50 mg/kg of ceftriaxone, Sigma-Aldrich, St. Louis, MO and 35 mg/kg
metronidazole, Apotex Corp, Weston, FL) were injected subcutaneously at 12, 24, and 36
hours after surgery. Animals were either followed for survival for ten days or sacrificed
either 24 hours or 5 days after CLP. Data shown represents 1-3 replicates/experiment and
the number of mice used for each experiment in presented in each figure legend.

A different subset of mice were subjected to pneumonia. Under isoflurane anesthesia, mice
were given an intratracheal injection of 2 aeruginosa. A 1 cm. midline neck incision was
created, and after separation of the strap muscles, the trachea was identified and 40uL of £~
aeruginosa (Strain ATCC 27853, Manassas, VA) diluted in PBS (2 x 108 CFU/mL) and
injected via a 28-gauge syringe. Animals were then held vertically for 10 seconds to improve
bacterial delivery to the lungs. Sham animals underwent the identical procedure, except they
received an intratracheal injection of sterile saline instead of bacteria.

Flow cytometry

Spleens were removed and processed to single-cell suspension by grinding with a plunger
from a small syringe in a 70 um filter placed over a 50 ml conical tube. Samples were rinsed
with cold PBS, spun down in a centrifuge and re-suspended in PBS. CountBright Absolute
Counting Beads (Thermo Fisher, Waltham, MA) were added, and surface marker stains were
incubated for 30 minutes on ice before being analyzed using color flow cytometry. Two
panels were used: Panel 1 - FITC:CD25 (Clone: PC61, BD Pharmingen, San Jose, CA),
PE:CD69 (Clone: H.2F3, Biolegend, San Diego, CA), PB:CD4 (Clone: PM4-5, BD
Pharmingen), PO:CD8 (Clone: 53-6.7, Thermo Fisher), APC-Cy7:CD3 (Clone: 17A2,
Biolegend); Panel 2 - FITC:Annexin V (Biolegend), PE:empty, PerCP:7-AAD (Biolegend),
PB:CD4 (Clone: RPA-T4, BD Pharmingen), PO:CD8 (Clone 53-6.7, Thermo Fisher),
AF700:CD3 (Clone 500A2, eBioscience). Flow cytometry was also performed on
mesenteric lymph nodes which were collected, homogenized and stained. In addition, blood
was collected via cardio-puncture at time of sacrifice, treated with High-yield Lyse (Life
Technologies, Waltham, MA) and then stained as above.

Serum and BAL studies

At time of sacrifice, whole blood was collected and centrifuged for 10 minutes at 10,000
RPM. The supernatant was collected and analyzed using a microplate creatinine assay
(Oxford Biomedical Research, Rochester Hills, MI). A nitrogen colorimetric kit (Arbor
Assays, Ann Arbor, MI) was used to measure blood urea nitrogen (BUN). Liver enzymes
asparagine aminotransferase (AST) and alanine aminotransferase (ALT) were measured with
a Beckman AU480 chemistry analyzer machine (Beckman Diagnostics, LaBrea, CA).
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To determine protein levels in BAL fluid, the trachea of sacrificed animals was lavaged with
1 ml of PBS, withdrawn, and centrifuged for 10 minutes at 10,000 RPM. The concentration
of protein was then determined by treating samples with protein assay reagent (Thermo
Scientific, Rockford, IL) and analyzing absorbance in a microplate reader at 660 nm in
comparison to a standard curve of bovine serum albumin.

Intestinal integrity

Apoptotic cells were quantified in the jejunum of 100 consecutive well-oriented crypts by
two complementary techniques: active caspase 3 staining to identify cells with activation of
the common caspase executioner and H&E staining to identify cells with characteristic
morphologic changes (18). For active caspase-3 staining, slides were deparaffinized,
rehydrated, incubated in 3% hydrogen peroxide for 15 minutes, and treated with antigen
decloaker (Biocare Medical, Concord, CA) for 45 minutes in a pressure cooker. Slides were
then treated with protein block (Dako, Carpinteria, CA) for 30 minutes at room temperature
and then incubated overnight at 4°C with rabbit anti-caspase 3 (1:100; Cell Signaling,
Beverly, MA), followed by goat anti-rabbit biotinylated antibody (1:500; Vector
Laboratories) and streptavidin horseradish peroxidase (1:500; Dako) each for one hour at
room temperature. Slides were developed in DAB and then counterstained with
hematoxylin.

Intestinal proliferation was measured by staining S-phase cells with 5-bromo-2-deoxyuridine
(BrdU, 5mg/ml in 0.9% saline, Sigma-Aldrich), which was injected into the peritoneum of
mice 90 minutes prior to sacrifice. Small intestinal tissue was then fixed, deparaffinized, and
rehydrated as above, before being incubated in 1% hydrogen peroxide for 15 minutes at
room temperature. Slides were treated with antigen decloaker, protein block, and then
incubated overnight at 4°C with rat monoclonal anti-BrdU (1:500; Accurate Chemical and
Scientific, Westbury, NJ). Slides were then treated with goat anti-rat antibody (1:500;
Accurate Chemical & Scientific) and streptavidin horseradish peroxidase (1:500; Dako), for
one hour each at room temperature before being developed in DAB. Positive cells were
quantified in 20 contiguous well-oriented crypts.

To measure intestinal permeability, mice were gavaged with fluorescein isothiocyanate-
dextran (FD4, 0.5 ml of 22 mg/ml, Sigma-Aldrich) 5 hours before sacrifice. Serum was
analyzed for FD4 concentration on a microplate reader (BioTek Synergy HT, Winooski, VT)
using fluorospectrometry with 485/520 nm excitation/emission wavelengths against a
standard curve of serial dilutions.

Peritoneal cultures

A total of 3 ml of PBS was injected into the abdomen of mice at time of sacrifice, gently
agitated for 5 seconds and then withdrawn. Quantitative peritoneal fluid cultures were
prepared using 10-fold serial dilutions of samples with sterile 0.9% saline. Each dilution and
a 100 pl aliquot of raw sample were plated on blood agar plates (Remel, Lenexa, KS) and
incubated for 24 hours (35°C in 5% CO, atmosphere). Plates containing fewer than 300
colonies were analyzed for colony counts, multiplying the number of counted colonies by
the reciprocal of the dilution counted, adjusting for the volume of plated sample.
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Tissue histology

Statistics

RESULTS

Sections of whole lung, liver, and kidney tissue were fixed overnight in 10% formalin before
being fixed in paraffin and sectioned. Tissues were stained with H&E and assessed for injury
and percent inflammatory infiltrate by a pathologist blinded to section identity (ABF).

All data were analyzed using the software program Prism 6.0 (GraphPad, San Diego, CA)
and are presented as mean + SD. Survival data were analyzed using the log-rank test. Data
were tested for normality using the D'Agostino-Pearson omnibus normality test.
Comparisons on data with a Gaussian distribution were performed using the Student’s t-test
while comparisons on data that did not have a Gaussian distribution were performed using
the Mann Whitney test. Data were considered to be statistically significant for a p value of
<0.05.

The presence of pancreatic cancer worsens survival following sepsis

All mice that received subcutaneous injections of pancreatic cancer cells developed non-
metastatic solitary tumors at the site of injection prior to the onset of sepsis. Mice that had
cancer prior to the onset of sepsis had a significantly lower 10-day survival than mice that
were healthy prior to the onset of sepsis (16% vs 50%, Fig. 1).

The presence of pancreatic cancer increases CD4" and CD8" T cell counts, decreases
septic CD4* T cell apoptosis and decreases CD8*T cell activation following sepsis

Cancer septic mice had an increase in the absolute number of CD4* T cells in the spleen
compared to previously healthy septic mice (Fig. 2A). This was associated with a decrease
in Annexin*7AAD* CD4* apoptotic cells (Fig. 2B). No difference was noted in the
frequency of activated CD4* T cells, whether measured by the percentage of CD25" or
CD69" within the CD4* T cell compartment (Fig. 2 C, D). Cancer septic mice also had an
increase in the absolute number of CD8* T cells compared to previously healthy septic mice
(Fig. 2E), although this was not associated with a change in the frequency of Annexin
*7AAD* CD8* apoptotic cells (Fig. 2F). Activated CD8* T cells were decreased in cancer
septic mice compared to previously healthy septic mice, as evidenced by decreased
percentage of both CD25" T cells and CD69* cells within the CD8* T cell compartment
(Fig. 2 G, H).

To determine whether these results were compartment specific, activation status was
assessed on CD4* T and CD8* T cells from blood (Fig. 3A-D) and mesenteric lymph nodes
(Fig. 3E-H). In contrast to the spleen, activation as measured by CD25* or CD69* was
similar in both CD4* T and CD8* T cells in both blood and mesenteric lymph node except
for an increase in CD69* of CD4* T cells from cancer/septic mice in mesenteric lymph
nodes.

To determine whether cancer sepsis altered cell numbers in other immune cells, B cells, NK
cells, macrophages, neutrophils and dendritic cells were also examined (Fig 4). All were
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similar between cancer septic mice and previously healthy septic mice except dendritic cells
which were lower in cancer septic mice.

The presence of pancreatic cancer does not impact local infection control following sepsis

Bacterial burden in the peritoneal cavity was similar in both cancer septic and previously
healthy septic mice 24 hours after CLP (Fig. 5).

The presence of pancreatic cancer does not impact gut integrity following sepsis

Gut epithelial apoptosis was similar in both cancer septic mice and previously healthy septic
mice (Fig. 6A, B). In addition, crypt proliferation (Fig. 6C) and intestinal permeability (Fig.
6D) were similar between cancer septic mice and previously healthy septic mice.

The presence of pancreatic cancer does not impact organ dysfunction following sepsis

Renal function as measured by BUN and creatinine was similar in both cancer septic mice
and previously healthy septic mice (Fig. 7A, B). Liver function as measured by levels of
AST or ALT was also similar (Fig. 7C, D). Levels of BUN, creatinine, AST and ALT were
also similar between cancer septic mice and previously healthy mice 5 days after CLP
(Supplemental figure 2). Protein concentration in BAL fluid was also similar between cancer
septic and previously healthy septic mice (Fig. 7E). Kidney, liver and lung histology also did
not demonstrate differences in organ injury or inflammation between cancer septic and
previously healthy septic mice (data not shown).

The presence of lung cancer does not alter lymphocyte or gut apoptosis or renal function
following pneumonia-induced sepsis

Previous publications have examined pancreatic cancer/pneumonia and lung cancer/CLP
while this manuscript examines pancreatic cancer/CLP. The fourth possible combination of
cancer/sepsis is lung cancer/pneumonia. A new model was therefore created by injecting
mice lung cancer cells followed three weeks later by A2 aeruginosa pneumonia. There were
no differences in CD4*, CD8™ or gut apoptosis between cancer septic mice and previously
healthy septic mice (Fig. 8). Similarly no difference was noted in renal function between
cancer septic mice and previously healthy septic mice (Fig. 8).

DISCUSSION

Mice with pancreatic cancer followed by CLP had increased mortality compared to
previously healthy septic mice. This was accompanied by a decrease in apoptotic CD4* T
cells and by a decrease in activated CD8* T cells in cancer septic mice. In contrast, no
differences were detected in any element of intestinal integrity, local infection control or
renal, liver or lung function or histology.

These results are best interpreted in the context of two previous publications on cancer and
sepsis. All three studies (pancreatic cancer/CLP herein and previously pancreatic cancer/
pneumonia and lung cancer/CLP) demonstrate increased mortality in cancer/sepsis,
consistent with the human condition. However, there was minimal overlap in abnormalities
associated with increased mortality in our prior studies. Specifically, the dominant findings
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in pancreatic cancer followed by pneumonia were decreased T cell apoptosis and increased
intestinal epithelial apoptosis, without changes in local bacterial burden or renal, liver of
lung function or histology (14). In contrast, mice with lung cancer followed by CLP had
increased CD4™ T cell apoptosis, no change in intestinal epithelial apoptosis but a decrease
in crypt proliferation, decreased local bacterial burden, increased BUN and creatinine,
increased BAL protein and no change in AST, ALT (15). This study took a single variable
that was common to our two previous publications (cancer model, sepsis model) to
determine whether the specific type of cancer or specific type of sepsis played a dominant
role in the abnormalities seen in cancer/sepsis. This is conceptually important since if
findings were similar in lung cancer/CLP and pancreatic cancer/CLP but different from
pancreatic cancer/pneumonia, this would suggest that type of sepsis is more important than
type of cancer in the host response to cancer/sepsis. Alternatively, if findings were similar in
pancreatic cancer/pneumonia and pancreatic cancer/CLP but different from lung cancer/
CLP, this would suggest that type of cancer is more important than type of sepsis. The
reality appears to be more nuanced than either of these extremes. In fact, while there is
minimal overlap between pancreatic cancer/pneumonia and lung cancer/CLP, there is
significant overlap of the pancreatic cancer/CLP with both. This suggests that both the
chronic inflammatory state induced by cancer and the acute illness induced by sepsis play
important roles in determining the host response.

It is notable that T cell apoptosis is altered in all models of sepsis and cancer. Multiple
studies have demonstrated that CD4* and CD8* T cell apoptosis is increased in both septic
patients and preclinical models of sepsis. Further, preventing sepsis-induced lymphocyte
apoptosis via multiple pathways improves survival in murine sepsis (19-23). However,
preventing sepsis-induced apoptosis by either lymphocyte-specific overexpression of Bcl-2
or genetic deletion of Bim increases mortality in pancreatic cancer followed by pneumonia
(24). This suggests that the presence of cancer may fundamentally alter T cell behavior
during sepsis. To study this further, we examined CD25 and CD69 expression in T cell
subsets following pancreatic cancer/CLP. Activation was decreased in splenic CD8* cells in
cancer septic mice compared to previously healthy septic mice. Notably, this was
compartment specific since activation was not altered in either blood or mesenteric lymph
nodes. T cell activation has not previously been examined in models of cancer and sepsis, so
we cannot draw any conclusions about the generalizability of this finding. However, it is
plausible that decreased splenic T cell activation leads to an ineffective immune response
that, coupled with immune exhaustion that occurs in both cancer and sepsis (13;25-28)
independently represents a potential mechanism for the increased mortality seen when these
two deadly entities are combined. It is also important to note that despite differences in the
immune system, there was no difference in the amount of bacteremia between cancer septic
mice and previously healthy septic mice. This is consistent with recent studies of the co-
inhibitory marker 2B4, where genetic deletion or pharmacologic inhibition leads to
improved mortality due to altered signaling and function of CD4* cells, yet there is no
difference in bacterial burden regardless of immune function (29). This may potentially be
explained by “disease tolerance,” a relatively new biological concept in which the host can
protect against infectious disease by reducing the negative impact of infections on its overall
fitness (30). The mechanisms underlying “disease tolerance” are complex and multifactorial,
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but include damage control allowing for preservation of functional output of parenchymal
tissues, thus maintaining homeostatic parameters within a dynamic range (31).

An unexpected negative finding in this study was the observation that all components of gut
integrity examined (apoptosis, proliferation, permeability) were similar between cancer
septic mice and previously healthy septic mice. Given previous alterations in intestinal
integrity in both pancreatic cancer/pneumonia and lung cancer/CLP, as well as the gut’s role
as “the motor” of sepsis (32-34), it might have been predicted that multiple components of
intestinal integrity would be altered by pancreatic cancer/CLP. The absence of a difference
between cancer septic and previously healthy septic mice argues suggests that the gut
epithelium plays a less important role (or at a minimum, a less consistent role) in mediating
mortality in cancer sepsis. It should be noted, however, that we did not examine the
microbiome in this study. Considering the role of the microbiome in mediating outcomes in
both cancer and sepsis (35;36) and the role of the microbiome in modulating interaction
between immune and cancer cells (37;38), the microbiome assuredly deserves further
investigation in cancer and sepsis.

This study has a number of limitations. First, only male mice were used. The rationale
behind this decision was that we wanted to be able to directly compare results to our study
on pancreatic cancer and pneumonia (14), which was published prior to current NIH
guidelines on rigor and reproducibility. However, the impact of gender on outcomes from
sepsis is well known (39), and we acknowledge the downside to the current experimental
design is that the results presented herein are not generalizable to half the population and
should be repeated in female mice in future experiments. Next, the majority of endpoints
other than survival were assayed 24 hours after CLP, and this likely misses insights that
could be gained by examining other timepoints. Further, we chose to examine endpoints for
which we had previously published data in pancreatic cancer/pneumonia and lung cancer/
CLP. While this had the advantage of allowing direct comparisons to answer our
fundamental question of the relative importance of cancer model vs. sepsis model, multiple
other endpoints could potentially have yielded new insights, and the absence of molecular
data in this manuscript limits conclusions that may be drawn. Further, the absolute CD4* T
cell and CD8" T cell counts are lower than might have been expected in the literature, even
in the setting of sepsis for which we do not have a clear explanation. To highlight this
limitation, splenic CD8* T cell activation -- the sole endpoint in this study that we have not
previously examined in cancer/sepsis -- demonstrated new findings herein. Next, between
the experiments presented herein and prior publications, we now have extensive data on
three of the four combinations of cancer/sepsis -- pancreatic cancer/CLP, pancreatic cancer/
pneumonia and lung cancer/CLP. However, a fourth unexplored combination is lung cancer/
pneumonia. We performed a limited analysis on lymphocyte and gut apoptosis and renal
function in these mice and found no difference between cancer septic and previously healthy
septic mice. These results should be interpreted with caution, however, as we did not
perform a dose/response curve to examine the mortality of this model, instead using our
previously published models of lung cancer and pneumonia. There is no way to know if the
combination examined replicates the mortality in cancer/sepsis without performing extensive
additional experiments outside the scope of this manuscript. Finally, the transplantable
model of cancer in which mice develop solitary tumors 3 weeks after injection may not
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accurately reflect the more gradual development of naturally occurring malignancies, while
the development of tumors in hind-limbs as opposed to in-situ pancreatic tissue may alter
how the tumor is perceived by immune cell populations.

Despite these limitations, our results demonstrate that both cancer and sepsis play distinct
roles in the host response when the two conditions are combined. Considering the marked
increase in both incidence and mortality of cancer and sepsis in patients compared to
previously healthy patients, this has significant implications for studying this common and
deadly clinical scenario. When more detailed studies of cancer and sepsis are performed in
the future, it is insufficient to assume there is a common response to either variable, which
should help guide experimental design and interpretation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIG. 1. Effect of cancer and sepsison survival

Cancer septic mice had significantly worse 10-day survival compared to previously healthy
septic mice (p=0.048, n=19-20/group).
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Cancer septic mice had an increase in the absolute number of CD4* T cells 24 hours after
CLP compared to previously healthy mice (A, p=0.0006) associated with decreased Annexin
+*7AAD* CD4* apoptotic cells (B, p=0.0006). This was not associated with a change in
activation as measured by the percentage of CD25* CD4™* (C, p=0.10) or CD69* CD4* cells
(D, p=0.87). Cancer septic mice also had an increase in the absolute number of CD8* T cells
(E, p=0.002) without a statistically significant change in Annexin*7AAD* CD8* apoptotic
cells (F, p=0.31). Activation was decreased in CD8" cells in cancer septic mice as measured
by the percentage of CD25" (G, p=0.0006) or CD69™ cells (H, p=0.05), n=7 for all groups
except n=6 for cancer septic CD69.
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FIG. 3. Effect of cancer and sepsison blood and mesenteric T cell activation
CD4* activation was similar in the blood between cancer septic mice and previously healthy

septic mice as measured by CD25* (A, p=0.28) and CD69* (B, p=0.43) cells. Similarly
blood CD8* activation was similar in the blood as measured by CD25* (C, p=0.63) and
CD69* (D, p=0.43) cells. CD4*CD25* cells were similar in the mesenteric lymph nodes
between cancer septic mice and previously healthy septic mice (E, p=0.87) although
CD4*CD69* cells were higher in cancer/septic mice (F, p=0.02). No difference was detected
in activation of CD8* cells in the mesenteric lymph nodes whether measured by CD25* (G,
p=0.82) or CD69" (H, p=0.43) cells, n=6-8/group for all panels.
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FIG. 4. Effect of cancer and sepsison non-T cell immune numbers
Cancer septic mice and previously healthy mice had similar numbers of B cells (A, p=0.07),

NK cells (B, p=0.18), macrophages (C, p=0.29) and neutrophils (D, p=0.62) 24 hours after
CLP. Dendritic cell numbers were lower in cancer septic mice (E, p=0.02), n=6-8 for all

groups.
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FIG. 5. Effect of cancer and sepsison peritoneal bacterial burden
Cancer septic mice had similar numbers of bacteria in peritoneal fluid as previously healthy

septic mice 24 hours after the onset of sepsis (p=0.63, n=7-8/group).
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FIG. 6. Effect of cancer and sepsison intestinal integrity
Intestinal epithelial apoptosis whether measured by active caspase 3 staining (A, p=0.38,

n=7-8/group) or H&E staining (B, p=0.98, n=7-10/group) was similar between cancer
septic mice and previously healthy septic mice. Crypt proliferation (C, p=0.87, n=7-10/
group) and intestinal permeability (D, p=0.39, n=6/group) were also similar between the
groups
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FIG. 7. Effect of cancer and sepsison organ dysfunction
Renal function as measured by BUN (A, p=0.59, n=7/group), and creatinine (B, p=0.64,

n=7/group), liver function as measured by AST (C, p=0.07, n=6-7/group) and ALT (D,
p=0.51, n=6-7/group) and lung injury as measured by BAL protein (E, p=0.09, n=7-8/
group) were all similar between cancer septic mice and previously healthy septic mice.
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FIG. 8. Effect of lung cancer/pneumonia on lymphocyte and gut apoptosis and renal function
No differences were noted between cancer septic mice and previously healthy septic mice in

CD4" apoptosis (A, p=0.99), CD8* apoptosis (B, p=0.87), or gut apoptosis as measured by
H&E (C, p=0.58) or active caspase 3 (D, p=0.73). No differences were noted in renal
function as measured by BUN (E, p=0.37) or Cr (F, p=0.21), n=9 for all groups.

Shock. Author manuscript; available in PMC 2020 June 01.



	Abstract
	INTRODUCTION
	METHODS
	Mice
	Cancer models
	Sepsis models
	Flow cytometry
	Serum and BAL studies
	Intestinal integrity
	Peritoneal cultures
	Tissue histology
	Statistics

	RESULTS
	The presence of pancreatic cancer worsens survival following sepsis
	The presence of pancreatic cancer increases CD4+ and CD8+ T cell counts, decreases septic CD4+ T cell apoptosis and decreases CD8+T cell activation following sepsis
	The presence of pancreatic cancer does not impact local infection control following sepsis
	The presence of pancreatic cancer does not impact gut integrity following sepsis
	The presence of pancreatic cancer does not impact organ dysfunction following sepsis
	The presence of lung cancer does not alter lymphocyte or gut apoptosis or renal function following pneumonia-induced sepsis

	DISCUSSION
	References
	FIG. 1
	FIG. 2
	FIG. 3
	FIG. 4
	FIG. 5
	FIG. 6
	FIG. 7
	FIG. 8

