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The omentum contains immune cell structures called milky spots that are niches for transcoelomic
metastasis. It is difficult to remove the omentum completely, and there are no effective strategies
to minimize the risk of colonization of preserved omental tissues by cancer cells that circulate

in the peritoneal fluid. Normal saline is commonly administered into the peritoneal cavity for
diagnostic and intraoperative lavage. Here we show that normal saline, when administered into the
peritoneal cavity of mice, is prominently absorbed by the omentum, exfoliates its mesothelium,
and induces expression of CX3CL1, the ligand for CX3CR1, within and surrounding the omental
vasculature. Studies using CX3CR1-competent and CX3CR1-deficient mice showed that the
predominant response in the omentum following saline administration is an accumulation of
CX3CR1* monocytes/macrophages that expand milky spots and promote neoangiogenesis within
these niches. Moreover, saline administration promoted the implantation of cancer cells of ovarian
and colorectal origin onto the omentum. By contrast, these deleterious effects were not observed
following i.p. administration of lactated Ringer’s solution. Our findings suggest that normal saline
stimulates the receptivity of the omentum for cancer cells and that the risk of colonization can be
minimized by using a biocompatible crystalloid for lavage procedures.

Introduction
The omentum comprises 2 structures that extend from the greater and lesser curvatures of the stomach, respec-
tively, and are mostly composed of adipocytes with a protective mesothelial lining (1). Although commonly
termed an adipose tissue, the omentum is distinguished from other visceral fat depots by several striking prop-
erties. The omentum contains an extensive vascular and lymphatic network and plays an important function
in peritoneal homeostasis by absorbing fluid from the peritoneal cavity (2). Furthermore, the omentum is char-
acterized by its abundance of immune cell structures called milky spots that concentrate and eliminate patho-
gens from the peritoneal cavity (1, 3). In reference to its central role in peritoneal defense, the omentum was
described more than 100 years ago as a “sponge” for septic material (4) and as the “abdominal policeman” (5).
The absorptive and filtering properties of the omentum are problematic in malignancy, as cancer cells
that circulate in the peritoneal fluid can be trapped in milky spots and form implants (6, 7). Transcoe-
lomic metastasis to the omentum occurs in gastrointestinal cancers and almost invariably in advanced-
stage ovarian cancer (8, 9). Growth of tumor implants on the omentum angulates the bowel, causing
obstruction and substantial pain. Although the diseased tissue is removed in almost all cases, it is difficult
to completely resect the omentum because of its anatomic location that reaches to the splenic hilum.
Furthermore, there is a lack of consensus as to the amount of healthy omental tissue that should be
removed in patients who present without overt metastasis. One school of thought has advocated omental
biopsies rather than removal of the omentum in these cases, as omentectomy may have complications
such as increasing the risk of sepsis, adhesive bowel obstruction, and splenic injury (10-14). In support
of this line of thinking, a study using a rat model of ovarian cancer found that prophylactic omentectomy
did not improve survival (15). In addition, a study of Surveillance, Epidemiology, and End Results data
found that omentectomy did not improve survival of women with Stage I/II ovarian cancer (i.e., with
ovarian-confined or locally extended disease) (16). Other studies have also supported the preservation of
omental tissue in patients with early-stage gastric and endometrial cancers (17, 18).
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A limitation to preserving healthy omental tissue is the risk of its colonization by occult cancer cells
that circulate in the peritoneal fluid (9). We therefore considered whether the risk of omental colonization
might be minimized by modifying other practices. Normal saline (0.9% sodium chloride) is the most widely
utilized crystalloid for lavage and is administered into the peritoneal cavity for diagnostic and intraopera-
tive washings (19, 20). Normal saline has a similar osmolality to body fluids but has a pH of approximately
5.5 (21). The only well-documented deleterious effect of normal saline in the peritoneal cavity is adhesion
formation (22-24). It has been estimated that 25% of instilled normal saline is not drained but dwells in
the cavity (24). Because of the absorptive ability of the omentum, we hypothesized that this tissue might be
exquisitely sensitive to normal saline and elicit unique responses. Here we show that normal saline, when
administered i.p. to mice, is prominently absorbed by the omentum, stimulates the expansion of milky
spots and neoangiogenesis through the recruitment of CX3CR1* monocyte/macrophages, and promotes
implantation of cancer cells onto the omentum. By contrast, these effects were not observed following i.p.
administration of lactated Ringer’s solution (LRS), a balanced crystalloid. Our findings implicate that nor-
mal saline “primes” the omentum for implantation of cancer cells and that the risk of colonization can be
minimized by using a more biocompatible solution in lavage procedures.

Results
Normal saline is prominently absorbed by the omentum and exfoliates its mesothelium. In this study, we adminis-
tered normal saline i.p. to adult female C57BL/6 mice at 12.5 mL/kg body weight. This dose was based on
the administration of 1 liter of saline to an adult female with an average body weight of 80 kg. Typically,
1 liter is administered for diagnostic lavage and larger volumes are used intraoperatively (19). As reported
in other rodent studies (25), we found that the baseline pH in the peritoneal cavity of mice is slightly lower
than in humans. Following i.p. administration of normal saline, peritoneal pH decreased over 24 hours and
thereafter regained the baseline level (Supplemental Figure 1, A and B; supplemental material available
online with this article; https://doi.org/10.1172/jci.insight.167336DS1). To evaluate fluid absorption,
normal saline containing vessel-tracing Evans Blue dye was administered i.p. The most striking absorption
was observed in the omentum as compared with mesenteric and gonadal fat depots (Figure 1, A and B).
H&E-stained sections of omental tissues showed that nonadipocyte cellularity was increased from day 1 to
day 7 following administration of normal saline, and returned to the baseline level by day 14 (Figure 1C). By
contrast, no histologic changes were observed in mesenteric and gonadal fat tissues (Figure 1C). To evaluate
mesothelial linings of serosal surfaces, we stained for Wilms tumor protein (WT1). Following saline admin-
istration, omental surfaces were denuded of WT1* cells at day 1 (P < 0.0001), and by day 7, the mesothelium
had largely regenerated (Figure 1, D and E). By contrast, the abundance of WT1* cells in the mesentery did not
significantly change (Figure 1, D and E). To confirm these findings, mesothelial cells were quantified by flow
cytometry. Mesothelial cells express podoplanin (PDPN) and, unlike fibroblasts, lack CD140a (platelet-derived
growth factor receptor-a) (26). Gating strategy and confirmation that the vast majority (~95%) of CD45 PD-
PN*CD140a" cells are WT1* are shown in Supplemental Figure 2, A and B. Following saline administra-
tion, numbers of CD45 PDPN*CD140a" cells decreased in the omentum at day 1 (P < 0.01) and were mostly
restored at day 7, whereas no significant changes were detected in mesenteric and gonadal fat tissues (Supple-
mental Figure 2C). These findings indicate that the omentum, as compared with other peritoneal fat depots,
highly absorbs normal saline and undergoes extensive mesothelial cell exfoliation and tissue remodeling.
Normal saline stimulates transient expansion of milky spots and neoangiogenesis in the omentum. H&E-stained
omental tissues of mice showed a striking expansion in milky spots following saline administration (Figure
1C). Quantification of CD45 staining in omental tissues revealed an increase in immune cells at day 1 fol-
lowing saline administration (P < 0.01), and this abundance persisted up to day 7, during which time milky
spots progressively dispersed (Figure 2, A and B). Increases in CD45* cell counts in the omentum were
confirmed by flow cytometry (Supplemental Figure 2D). The number of microvessels, detected by staining
the endothelial cell marker CD31, was increased at day 4 following saline administration (P < 0.05) and
more so at day 7 (P < 0.0001) (Figure 2, A and C). Milky spots contain a glomerulus-like network of blood
vessels (1). Increased microvessel density was especially prominent in milky spots following saline admin-
istration (Figure 2D) and was strongly suggestive of new blood vessel formation. No pronounced increases
in lymphatic structures were detected following saline administration (Supplemental Figure 2E). At day
14 following saline administration, immune cell abundance and microvessel density in the omentum had
largely returned to baseline levels (Figure 2, A-C).
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Figure 1. Normal saline is prominently absorbed by the omentum and exfoliates its mesothelium. (A and B) Absorption of normal saline by perito-
neal fat tissues. (A) Representative images of omental, mesenteric, and gonadal fat tissues at 1 hour following i.p. administration of normal saline
(12.5 mL/kg) containing Evans Blue dye to mice. Scale bar: 10 mm. (B) Quantification of dye in each tissue. Data of n = 5 mice are shown. (C) Repre-
sentative images of HGE-stained sections of peritoneal fat tissues of untreated mice and mice at the indicated time points following i.p. adminis-
tration of normal saline. Scale bar: 200 um. Tissues of n = 6 mice per group were evaluated. (D and E) WT1* cells in peritoneal fat tissues of untreated
mice and mice at day 1and day 7 following saline administration (n = 6 per group). (D) Representative images of immunofluorescence staining of WT1
(shown in green). Tissues were counterstained with DAPI. Scale bar: 200 um. (E) Abundance of WT1* cells, expressed as the percentage of area within
each tissue. An average score for each tissue of each mouse was calculated by evaluating WT1 staining in 4-5 random and independent 40x micro-
scopic fields. Adult female C57BL/6 mice were used in A-E. **P < 0.01, ****P < 0.0001, by Tukey’s multiple comparisons test in B and by Dunnett’s
multiple comparisons test compared with untreated mice in E.

Normal saline increases numbers of omental CDI116™F4/80° cells. To identify the immune cell population
that contributes to the expansion of milky spots following saline administration, we performed immuno-
phenotyping of omental tissues of untreated mice and saline-treated mice at day 1 when milky spot expan-
sion is initially observed, and at day 7 when immune cells and microvessel density are maximally increased.
No significant changes were found in the numbers of T and B cells (Supplemental Figure 3A) or cells that
express low levels of CD11b (Figure 3, A and B). CD11b% cells were mostly CD19* (Supplemental Figure
3B), indicating that these are peritoneal B-1 cells (27). By contrast, cells that express high or intermediate
levels of CD11b increased following saline administration (P < 0.05 at day 1, P < 0.01 at day 7) (Figure 3,
A and B). Neutrophils constituted only a minor fraction of CD11b"/t cells and did not increase (Supple-
mental Figure 3, C and D). No significant changes were observed in the numbers of DCs, NK cells, mast
cells, or platelets (Supplemental Figure 3E).

CD11b"int cells largely comprised 2 populations that both express CD115 (macrophage CSF receptor)
(Supplemental Figure 4A) but express different levels of CD11b and the monocyte/macrophage marker
F4/80 (Figure 3C). Following saline administration, CD11b™F4/80" cells but not CD11b"F4/80"
cells significantly increased (P < 0.001 at day 1, P < 0.0001 at day 7) (Figure 3D). CD11b"F4/80"
and CD11b™F4/80" cells contained lipid-laden vacuoles that are characteristic of adipose tissue mac-
rophages, but the CD11b™F4/80" population comprised macrophages that are smaller in size and also
immature cells with monocytic features that were prevalent at day 1 following saline administration
(Supplemental Figure 4, B and C). No significant changes in the numbers of CD11b™F4/80% cells or
other major types of immune cells were detected in mesenteric and gonadal fat tissues following saline
administration (Supplemental Figure 5, A and B).

Omental CDI11b™F4/80° cells predominantly express CX3CRI. Two broad types of macrophages that
reside in the peritoneal cavity have been described. Large peritoneal macrophages (LPM) express high
levels of F4/80 and intercellular adhesion molecule 2 (ICAM2) and lack MHCII, whereas small perito-
neal macrophages (SPM) express low levels of F4/80 and ICAM2 and are MHCII* (28, 29). Omental
CD11b"F4/80" cells were mostly ICAM2" and MHCII" (Figure 3E), indicating that these cells are LPM-
like. Omental CD11b™F4/80" cells comprised 2 ICAM2® subpopulations. The most abundant of these
subpopulations was MHCII* and SPM-like (Figure 3E). Numbers of CD11b™F4/80°MHCII* cells were
significantly increased at day 1 (P < 0.001) and more so at day 7 (P < 0.0001) following saline administra-
tion (Figure 3F). CD11b™F4/80°MHCII cells were modestly increased at day 1 (P < 0.05) and returned
to baseline levels by day 7 (Figure 3F). It is thought that LPM arise from the yolk sac, whereas SPM derive
from monocytes (28, 29). Classical inflammatory monocytes express high levels of Ly6C and C-C motif
chemokine receptor 2 (CCR2) and low levels of C-X3-C motif chemokine receptor 1 (CX3CR1) (30).
The majority of the CD11b™F4/80°MHCII- subpopulation lacked CX3CR1, and percentages of Ly6Chi
and CCR2* cells increased in this subpopulation at day 1 following saline administration (P < 0.05 for
Ly6CH, P < 0.0001 for CCR2*) (Figure 3G and Supplemental Figure 6, A-C). By contrast, the majority
of the CD11b™F4/80°MHCII* subpopulation lacked Ly6C and CCR2 but strongly expressed CX3CR1,
and this antigenic profile was maintained following saline administration (Figure 3G and Supplemental
Figure 6, A—C). These findings suggest that the increase in omental CD11b™F4/80" cells following saline
administration is initially and only partially due to recruitment of classical monocytes and predominantly
stems from the accumulation of CX3CR1* SPM-like cells.

Normal saline promotes omental neoangiogenesis through increasing CX3CRI* SPM-like cells. To evaluate
the functional significance of CX3CR1* SPM-like cells, we used Cx3crI°* knockin/knockout (KI/KO)
mice in which the Cx3crl gene is disrupted by the insertion of sequences encoding green fluorescent
protein (GFP) (31). The vast majority of GFP* cells in the omentum of heterozygotes (Cx3crI*/¢fF) were
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Figure 2. Normal saline stimulates transient expansion of milky spots and neoangiogenesis in the omentum. Immune cells and microvessels were
evaluated in omental tissues of untreated mice and mice at 1, 4, 7, and 14 days following i.p. administration of normal saline (n = 6 per group). Adult female
C57BL/6 mice were used. (A) Representative images of CD45 staining (red) and CD31 staining (green) in omental tissues. Scale bar: 200 pm. (B) Abundance
of immune cells, expressed as the percentage of area of CD45 staining within each tissue section. (C) Microvessel density, expressed as the number of CD31*
microvessels per 40x microscopic field. In B and C, an average score for each mouse was calculated by evaluating staining in 4-5 random and independent
40x microscopic fields. (D) Higher-magnification images of omental tissues showing prominent localization of microvessels in milky spots. Scale bar: 100
um. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, by Dunnett’s multiple comparisons test compared with untreated mice (no lavage) in B and C.

SPM-like (CD11b™F4/80°MHCII*), and this was consistent with the predominant expression of
CX3CRI1 in CD11b"F4/80°MHCII* cells in the omentum of C57BL/6 mice (Supplemental Figure 7, A
and B). Following saline administration, milky spots expanded in Cx3cr1*/°F mice but not in homozygotes
(Cx3crICFr/CrP) that are devoid of functional CX3CR1 (Figure 4A). Numbers of CD11b™F4/80°MHCII*
cells were significantly increased in the omentum of Cx3cr1*/°™ mice (P < 0.0001) but not in Cx3cr1°*/¢r*
mice following saline administration (Figure 4B). No significant differences were observed in cell counts
in other major immune cell populations in the omentum of Cx3cr1*/°"* and Cx3crI®’/F mice following
saline administration (Supplemental Figure 7C).

Following saline administration, microvessel density significantly increased in the omentum of
Cx3er*/¢ff mice (P < 0.01) but not in Cx3crI®**/¢*f mice (Figure 4, C and D). These findings implied that
CX3CR1* SPM-like cells have proangiogenic properties. To gain further insight, CX3CR1* SPM-like cells
were sorted from omental tissues of untreated and saline-treated mice (Supplemental Figure 7D), and
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Adult female C57BL/6 mice were used. (A) Representative contour plots of forward scatter and CD11b staining within gated CD45* cells, showing abun-
dance of CD11b" and CD11b"/" populations. (B) Numbers of CD11b" and CD11b"/ cells per omental fat band. (C) Representative plots of CD11b and F4/80
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The abundance of MHCII* and MHCII- cells within each population is indicated. (F) Numbers of CD11b""F4/80" MHCII* and CD11b™F4/80°MHCII- cells per
omental fat band. (G) Percentages of Ly6C", CCR2*, and CX3CR1* cells within gated CD11b™F4/80"°MHCII* and CD11b™F4/80"°MHCII- subpopulations. *P <
0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, by Dunnett’s multiple comparisons test compared with untreated mice for each given cell population in B
and D and by Tukey’s multiple comparisons test in F and G.
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lysates of equivalent numbers of pooled cells from each group were screened for angiogenesis-associated
proteins by using an antibody array. Forty-two of the 53 proteins represented on the array were detected in
CX3CR1* SPM-like cells of untreated mice (Supplemental Figure 7E). Levels of 18 proteins were increased
by > 1.5-fold in CX3CR1* SPM-like cells of saline-treated mice (Figure 4E). Of these 18 proteins, some
are antiangiogenic such as Delta-like protein 4 (DLL4) and thrombospondin-2 (TSP-2), but 12 have well-
characterized proangiogenic properties. These include C-C motif chemokine ligand 2 (CCL2), platelet-
derived growth factor A (PDGF-A), PDGF-B, fibroblast growth factor (FGF)-1, VEGF-A, VEGF-B, and
osteopontin (OPN) (Figure 4E). Increased nuclear localization of NF-xB p65, which regulates a number
of angiogenesis-associated genes (32-35), was detected in CX3CR1* SPM-like cells of saline-treated mice
(Figure 4, F and G). These findings indicate that saline administration stimulates neoangiogenesis in the
omentum by promoting accumulation of CX3CR1* SPM-like cells that constitutively express a repertoire of
proangiogenic factors and by increasing expression of a subset of these factors in CX3CR1* SPM-like cells.

Saline-stimulated accumulation of CX3CRI* SPM-like cells promotes implantation of cancer cells onto the
omentum. Angiogenesis promotes tumor growth, and cancer cells that circulate in the peritoneal fluid are
prone to implant in milky spots (6, 7). In view of our findings that saline administration stimulates the
accumulation of CX3CR1* SPM-like cells in the omentum and that these cells promote neoangiogenesis,
we investigated whether saline administration promotes implantation of cancer cells onto the omentum
through increasing CX3CR1* SPM-like cells. Groups of adult female Cx3crI*/f and Cx3crI°F*/°FF mice
were either administered normal saline or left untreated and, at 7 days thereafter, were inoculated i.p.
with ID8 mouse ovarian cancer cells. At 7 days following cancer cell inoculation, microscopic foci were
detected in the omentum of untreated groups of Cx3cri*/°" and Cx3cri1°™/°F mice (Figure 4, H and
I). A significant increase in tumor foci in the omentum was observed in saline-treated Cx3crI*/° mice
(P < 0.0001) but not in saline-treated Cx3cr1™/°"F mice (Figure 4, H and I). These findings implicate that
normal saline renders the omentum conducive for implantation of cancer cells by increasing the accumu-
lation of proangiogenic CX3CR1* SPM-like cells.

Normal saline increases expression of the CX3CRI ligand within and surrounding the omental vasculature.
C-X3-C motif chemokine ligand 1 (CX3CL1), the sole ligand of CX3CR1, is predominantly expressed as a
membrane-bound protein in endothelial cells (36) and also in smooth muscle cells (37). Because the promi-
nent response in the omentum to saline administration is an accumulation of CX3CR1* SPM-like cells, we
investigated whether saline induces an early increase in local CX3CL1 levels. The CX3CL1 content in the
omentum increased 2-fold (P < 0.05) at day 1 following saline administration (Figure 5A). CX3CL1 was
detected in milky spots and focally near the submesothelial layer and mostly though not exclusively colocal-
ized with microvessels (Figure 5, B and C). These findings were confirmed by flow cytometric analysis of
membrane-associated CX3CL1. Membrane-bound CX3CL1 was almost undetectable in immune cells but
was markedly increased in endothelial cells (P < 0.01) and more modestly in nonendothelial stromal cells
(P < 0.05) following saline administration (Figure 5, D and E). To evaluate the significance of CX3CL1
induction on chemotaxis, we used Cx3crI*/°"* mice that have normal blood monocyte counts and have
been used for tracing CX3CR1* monocytes (31, 38, 39). GFP* blood monocytes of Cx3crl*/°"F mice were
assayed for chemotaxis toward CD45" cells of the stromal vascular fraction of omental tissues of untreated
and saline-treated C57BL/6 mice. Monocytes showed greater chemotaxis toward omental stromal vascular
cells of saline-treated mice than of untreated mice in vitro (P < 0.01) (Figure 5F) and were increased in the
omentum of Cx3crI*/°f mice following saline administration in vivo (Figure 5G). These findings suggest
that saline administration stimulates the recruitment of CX3CR1* monocytes to the omentum, at least in
part, by inducing CX3CL1 expression within and surrounding the omental vasculature.

LRS is less deleterious to mesothelial integrity than normal saline. In addition to its use in lavage, normal
saline is commonly used for fluid resuscitation. Several clinical trials have shown that i.v. infusion using
balanced crystalloids such as LRS causes fewer adverse effects than normal saline (21, 40-42). Comparison
of the chemical composition of LRS with that of normal saline and body fluids is shown in Supplemental
Table 1. We investigated whether LRS induces the same responses in the omentum as normal saline when
administered i.p. as a lavage solution to C57BL/6 mice. In contrast to normal saline, LRS did not decrease
peritoneal pH (Supplemental Figure 8A). No significant differences in lactate levels in the peritoneal fluid
and peripheral blood were detected at day 1 following administration of LRS (Supplemental Figure 8B).
Whereas omental surfaces were denuded of mesothelial cells at day 1 following administration of saline,
the mesothelium was mostly preserved following administration of LRS (Figure 6, A and B). To confirm
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of untreated mice and at day 1following saline administration. Adult female C57BL/6 mice were used. (A) Total CX3CL1 content in omental tissues,
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these findings, whole naive omental tissues were washed in normal saline or LRS ex vivo. Thereafter,
viable mesothelial cells that were retained in tissues were quantified (Figure 6C). As compared with the
unwashed omentum, numbers of mesothelial cells in the omentum were significantly decreased by wash-
ing with saline (P < 0.01) but not with LRS (Figure 6D). To confirm our findings in human cells, primary
cultures of human omental mesothelial cells were treated with either saline or LRS. Saline rapidly stripped
mesothelial cells from culture plates, whereas less stripping was observed with LRS (Figure 6, E and F).
Because mesothelial cells overlie a basement membrane (8), we repeated the assay by using mesothelial
cells that were plated on a basement membrane matrix and obtained similar results (Figure 6, E and F). The
greater loss of cell adhesion in saline-treated cells, as compared with LRS-treated cells, was confirmed by
the downregulation of the tight junction protein ZO-1 (Figure 6G). These findings demonstrate that LRS
causes substantially less mesothelial cell exfoliation than normal saline.

LRS does not stimulate accumulation of CX3CRI1* SPM-like cells, omental neoangiogenesis or implantation of
cancer cells. We next evaluated the impact of i.p. administration of LRS on other cell populations in the
omentum. In contrast to normal saline, LRS did not stimulate CX3CL1 expression in endothelial cells
or other stromal cells of the omentum (Figure 7A). Consistent with this finding, CX3CR1* cells did not
accumulate in the omentum following LRS administration (Figure 7B). LRS administration did not sig-
nificantly change immune cell abundance in the omentum (Figure 7C) or cell counts in immune cell popu-
lations in the omentum and other peritoneal fat depots (Supplemental Figure 9, A—C). Furthermore, LRS
administration did not significantly change microvessel density in the omentum (Figure 7, D and E). No
other histologic changes were observed in the omentum or other peritoneal fat depots of LRS-treated mice
(Supplemental Figure 9D).

We subsequently evaluated whether LRS has a less deleterious effect on cancer cell implantation than
normal saline. Adult female C57BL/6 mice were randomized into groups and were either administered
saline or LRS or left untreated. Seven days afterward, all groups were inoculated i.p. with ID8 mouse
ovarian cancer cells. At 7 days following cancer cell inoculation, microscopic foci were detected on the
omentum of untreated mice (Figure 8, A and B). Saline-treated mice showed a 6-fold increase in coloniza-
tion (P < 0.0001) and prominent intraomental foci (Figure 8, A and B). By contrast, colonization was not
increased in LRS-treated mice, and microscopic foci were confined to the omental surface (Figure 8, A and
B). Colonization of the mesentery and gonadal fat tissues was minimal and was not significantly affect-
ed by either saline or LRS (Figure 8, A and B). Similar results were obtained when groups of untreated,
saline-treated, and LRS-treated mice were inoculated i.p. with MC-38 mouse colon adenocarcinoma cells
(Figure 8, C and D). These findings demonstrate that normal saline renders the omentum conducive for the
implantation of cancer cells, whereas LRS does not.

Discussion

The benefit of omentectomy in patients with ovarian cancer who present without overt metastasis has been
questioned (10, 15, 16), and the omentum is often partially preserved in patients with gastric cancer (11, 17,
43). However, cancer cells that circulate in the peritoneal fluid have a predilection for implanting in milky
spots, and there are no effective strategies to minimize the risk of occult cancer cells colonizing omental tis-
sues that are preserved. Normal saline is widely used for diagnostic and intraoperative lavage of the perito-
neal cavity. The ability of the omentum to absorb peritoneal fluid was discovered > 100 years ago (2), but its
significance has been greatly underappreciated. Here, we report that normal saline, when administered into
the peritoneal cavity of mice, is prominently absorbed by the omentum and increases the receptivity of the
omentum for cancer cells. Importantly, our study shows that the risk of omental colonization is minimized
by using a more biocompatible crystalloid instead of normal saline as a lavage solution.

Our study implicates a model in which normal saline “primes” the omentum for colonization through a
sequence of remodeling events that is initiated by mesothelial cell exfoliation. Mesothelial cells line serous cav-
ities and internal organs, and exfoliated mesothelial cells are often detected in peritoneal washings (9, 20). Our
findings suggest that the omental mesothelium is highly susceptible to exfoliation by normal saline because of
the immense capability of the omentum to absorb fluid. By comparison, the mesentery and gonadal fat pads
showed weaker absorptive ability and minimal mesothelial cell exfoliation. Lavage procedures can mechan-
ically exfoliate mesothelial cells (20), but shear stress does not fully explain the removal of mesothelial cells
because the administration of LRS causes minimal exfoliation. The sodium content of normal saline is slightly
higher (i.e., ~10% higher) than that of serum and interstitial fluids, but its chloride content is nearly 50% above
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Figure 6. LRS is less deleterious to mesothelial integrity than normal saline. (A and B) In vivo analysis of mesothelial cell exfoliation. WT1* cells were
evaluated in omental tissues of untreated mice and at day 1following i.p. administration of normal saline or LRS at the same dosage (12.5 mL/kg) (n =6
per group). Adult female C57BL/6 mice were used. (A) Representative images of WT1 staining. Scale bar: 200 um. (B) Abundance of WT1* cells, expressed
as the percentage of area within omental tissue. Data of untreated and saline-treated groups is duplicated in Figure 1E. (C and D) Ex vivo analysis of meso-
thelial cell exfoliation. (C) Whole naive omental tissues of adult female C57BL/6 mice were excised and incubated in 2.0 mL of saline or LRS for 1 hour with
shaking and in parallel or were left untreated (n = 3 per group). Mesothelial cells that were retained in tissues were quantified by flow cytometric analysis
of the CD45-PDPN*CD140a population (Supplemental Figure 2B). (D) Numbers of retained CD45-PDPN*CD140a" cells per omental fat band. (E-G) In vitro
analysis of mesothelial cell exfoliation. Human omental mesothelial cells were plated in plastic or Matrigel-coated 24-well plates and then incubated in
0.5 mL of saline or LRS for the indicated times. Cells that remained attached were detected by crystal violet staining (E) and quantified by measuring
absorbance (F). Data of 3 independent experiments is shown in F. (G) Z0-1 staining in untreated and treated cells cultured on plastic chamber slides. Scale
bar: 20 um. Shown are representative images of 3 independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, by Dunnett’s multiple
comparisons test compared with no lavage in B and D and by Tukey’s multiple comparisons test in F.
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5 mice per group were evaluated. (C-E) Abundance of immune cells (C) and microvessels (D) were evaluated in omental tissues of adult female C57BL/6
mice that were left untreated and at 1, 4, 7, and 14 days following i.p. administration of LRS (n = 6 per group) as described in Figure 2. Data of the untreat-
ed group are duplicated in Figure 2, B and C. (E) Representative images of CD45 and CD31 staining in omental tissues. Scale bar: 200 um. Datain Cand D
were evaluated by Dunnett’s multiple comparisons test compared with untreated mice (no lavage).

physiological levels (21, 42, 44-47) (Supplemental Table 1). When used for infusion, normal saline can cause
adverse renal and vascular effects that are associated with hyperchloremic acidosis (21, 40-42). By contrast,
LRS is buffered and its sodium and chloride content is within the physiological range (21, 42) (Supplemental
Table 1). Several clinical trials in the critical care setting have reported that adverse effects associated with
hyperchloremic acidosis are minimized when balanced crystalloids such as LRS are used instead of normal
saline for infusion (21, 40-42). It is possible that the deleterious effect of normal saline on mesothelial cell
adhesion stems from hyperchloremia and that the biocompatibility of LRS minimizes exfoliation of these cells.

Little is known about the impact of normal saline on underlying visceral tissues. The present study
shows that normal saline stimulates a transient expansion in milky spots, and this expansion is largely due
to increased numbers of CD11b™F4/80cells that are CX3CR1* and have hallmarks of monocyte-derived
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Figure 8. LRS does not stimulate implantation of cancer cells onto the omentum. Age-matched adult female C57BL/6 mice were randomized into 3 groups
and administered either normal saline or LRS i.p. at the same dosage (12.5 mL/kg) or were left untreated (n = 6 per group). At 7 days thereafter, all groups
were inoculated i.p. with mouse cancer cells that express turbo GFP (tGFP). (A and B) Implantation of ID8-tGFP ovarian cancer cells on omental, mesenteric,
and gonadal fat tissues at 7 days following cancer cell inoculation. (A) Representative images of tissues. Scale bar: 200 um. (B) Abundance of ID8-tGFP cells,
expressed as the percentage of area within each tissue. An average score for each tissue of each mouse was calculated by evaluating tGFP fluorescence

in 3-5 random and independent 40x microscopic fields. (C and D) Implantation of MC-38-tGFP colon adenocarcinoma cells on omental, mesenteric, and
gonadal fat tissues at 2 days following cancer cell inoculation. (C) Representative images of tissues. Scale bar: 200 um. (D) Abundance of MC-38-tGFP cells,
evaluated as in B. ***P < 0.001, ****P < 0.0001, by Dunnett’s multiple comparisons test compared with untreated mice (no lavage) in B and D.

SPM. Whereas classical Ly6CHCCR2* monocytes are rapidly recruited to sites of inflammation, CX3CR1*
monocytes patrol the vascular lumen (30). Our findings implicate that normal saline increases SPM-like
cells in the omentum, at least in part, by stimulating the recruitment of blood monocytes through inducing
CX3CL1 expression within and surrounding the omental vasculature. These monocytes likely differentiate
into adipose tissue-associated SPM-like cells, as most omental CD11b™F4/80" cells at day 7 following
saline administration contain lipid-laden vacuoles. We have found that ~80% of SPM in the peritoneal
fluid lack CX3CR1 (H. Akasaka & H. Naora, unpublished observations) but cannot exclude the possibility
that some of these circulating SPM mobilize to the omentum following saline administration. Although
the vast majority of CX3CRI1* cells in the omentum were found to be SPM-like, other types of cells might
also be recruited. DCs, NK cells, mast cells, and platelets respond to CX3CL1 (48) but constitute minor
cell populations in the omentum, and their counts did not significantly increase following saline admin-
istration. Some T cells also respond to CX3CL1 (48), but T cell counts did not increase in saline-treated
mice. The mechanism by which saline stimulates CX3CL1 expression is unclear but might be related to
coagulation. It has been reported that saline stimulates mesothelial cells to release tissue factor, the initiator
of coagulation (24), and that thrombin induces CX3CL1 expression in endothelial cells (49).

CX3CR1* monocytes/macrophages have been shown to mediate wound healing in various types of
tissues (39, 50). It is likely that CX3CR1* SPM-like cells mediate tissue repair in the omentum following
saline administration, as these cells accumulated following mesothelial cell exfoliation, persisted until
the mesothelium had regenerated, and were detected near the submesothelial layer as well as in milky
spots. CX3CR1* SPM-like cells were found to constitutively express a wide repertoire of proangiogenic
cytokines and proteases, and local levels of these proteins could conceivably increase as SPM-like cells
accumulate in the omentum. Our findings also suggest that local levels of several proangiogenic fac-
tors such as CCL2, PDGF-B, VEGF-A, and OPN could be further increased through saline-stimulated
production of these factors by SPM-like cells. Genes that encode CCL2, PDGF-B, VEGF-A, and OPN
are transcriptionally activated by NF-xB (32-35). NF-xB activity depends on its translocation to the
nucleus, and increased nuclear localization of NF-kB p65 was detected in SPM-like cells following
saline administration. Normal saline has a low pH, and it has been reported that low pH stimulates
NF-kB activity in macrophages (51). Collectively, these findings suggest that CX3CR1* SPM-like cells
mediate tissue repair in the omentum following saline-induced mesothelial cell exfoliation by providing
a repertoire of proangiogenic factors, of which a subset are elevated through saline-stimulated NF-xB
activation. Although other types of immune cells did not significantly increase in number following
saline administration, the possibility cannot be excluded that saline might also stimulate NF-«B activity
and expression of proangiogenic factors in these cells.

A discovery in the present study is that the administration of normal saline into the peritoneal cavi-
ty stimulates colonization of the omentum by cancer cells that circulate in the peritoneal fluid and that
this colonization is facilitated, at least in part, by the proangiogenic properties of CX3CR1* SPM-like
cells. By contrast, the administration of LRS did not increase CX3CR1* SPM-like cells or promote neo-
angiogenesis, and it did not stimulate colonization of the omentum. LRS might also limit colonization
by decreasing inflammation. A clinical trial found that C-reactive protein levels were lower in patients
with acute pancreatitis following resuscitation with LRS than with normal saline (52). LRS contains
lactate that is metabolized to bicarbonate, the key buffering component in body fluids (21, 42), and a
caveat is that elevated lactate levels might fuel growth of implants. One trial reported a modest increase
(~4%) in serum lactate levels in healthy subjects who received i.v. LRS (53), but no significant increase
in lactate levels was reported in another trial (54). In the present study, LRS did not stimulate tumor
implant growth, and lactate levels were not significantly increased in peripheral blood and peritoneal
fluid of mice that received i.p. LRS.
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In summary, the present study highlights the need to carefully consider the absorptive ability of the omentum
and the effect of lavage solutions in cancer patients whose omental tissues are preserved. Our findings raise the
possibility that the use of normal saline as a lavage solution in the peritoneal cavity increases the risk of omental
colonization by occult cancer cells that circulate in the peritoneal fluid and that this risk can be minimized by
alternatively using a biocompatible crystalloid for lavage procedures. Biocompatible lavage solutions might also
be beneficial for cytological evaluation of peritoneal washings by minimizing the content of mesothelial cells.

Methods

Reagents. Normal saline was prepared by dissolving sodium chloride (Sigma-Aldrich) at a final con-
centration of 0.9% in double deionized water, followed by filtration through a 0.2 um filter and autoclav-
ing. Sterile LRS was purchased from Dechra Veterinary Products. Prior to use, samples of each solution
were tested for pH. Antibodies are described in Supplemental Table 2. Sources of other reagents were as
follows: Fixable Viability Dye eFluor 660 dye (Thermo Fisher Scientific); DAPI, Evans Blue dye, H&E
solution, and Giemsa solution (Sigma-Aldrich); and collagenase type D, deoxyribonuclease I (DNase I)
(Worthington Biochemical Corp.).

Mouse cell lines. The parental IDS cell line was obtained from Katherine Roby (University of Kansas Med-
ical Center, Kansas City, Kansas, USA). ID8 cells that stably express RFP or turboGFP (tGFP) have been
previously described (7). The parental MC-38 cell line was obtained from Ronald DePinho (University of Tex-
as MD Anderson Cancer Center) with permission from Jeffrey Schlom (National Cancer Institute). ID8 and
MC-38 cells were cultured in DMEM supplemented with 10% FBS, 100 units/mL penicillin, and 100 pg/mL
streptomycin (GenDEPOT). To generate MC-38 cells that stably express tGFP, MC-38 cells were transfected
with pGFP-V-RS vector (Origene) by using Lipofectamine 3000 reagent (Invitrogen), followed by selection
with 2 ug/mL puromycin (Sigma-Aldrich).

Human mesothelial cells. Mesothelial cells that were isolated from normal omental tissues of women who
underwent surgery for benign conditions have been previously described (55). Mesothelial cells were cul-
tured in RPMI 1640 medium supplemented with 20% FBS, 100 units/mL penicillin, 100pg/mL streptomycin
(GenDEPOT), 0.5 mM sodium pyruvate, 1X minimum essential medium (MEM) nonessential amino acids,
1x MEM vitamins (Sigma-Aldrich).

Animals. C57BL/6 mice (stock no. 000664) and a breeder pair of Cx3cri®™/¢f mice (stock no.
005582, B6.129P2[Cg]-Cx3cri™*#/]) were purchased from The Jackson Laboratory and housed under
barrier conditions. Cx3crI°/fF mice have been previously described (31). In these mice, the first 390 bp
of exon 2 of the Cx3crl gene is replaced with sequences encoding enhanced GFP. Eight- to 10-week-old
female mice were used in all experiments.

Administration of lavage solutions. Prior to injection, each mouse was weighed and the abdomen was
sterilized by an alcohol swab. Mice were randomized into groups and were either administered a single
dose of normal saline or LRS at 12.5 mL/kg body weight by i.p. injection using a 30-gauge needle or left
untreated. Mice were euthanized at time points indicated in the text. Where pH and lactate levels were
measured, mice were euthanized by cervical dislocation to avoid CO, acidosis. In all other experiments,
mice were euthanized by CO, asphyxiation.

Measurement of pH. pH in the peritoneal cavity of mice was measured by using a Premium-Series
PH60S meter (Apera Instruments). The spear probe was placed in 5 predetermined sites in the cavity to
take pH measurements (Supplemental Figure 1B). These 5 measurements were used to calculate an average
pH for each mouse. Two-point calibration (pH 7.0 and 4.0) of the instrument was performed prior to use.

Measurement of saline absorption. Evans Blue dye was dissolved in normal saline at 0.32 mg/mL,
followed by filtration through a 0.2 um filter. Mice were injected i.p. with dye-containing saline and euth-
anized at 1 hour afterward. Peritoneal fat tissues were collected, weighed, and then incubated in forma-
mide (Thermo Fisher Scientific) at room temperature for 48 hours to extract Evans Blue dye. Extracted
dye was measured by reading absorbance at 620 nm using a Spark microplate reader (TECAN). Extract-
ed dye was quantified by using a standard curve of Evans Blue dye concentration, and calculated as
amount of dye (ng) per mg of dry tissue weight.

Measurement of lactate levels. Peripheral blood was collected from mice by lancing the tip of the tail using
a sterile scalpel blade. Peritoneal fluid was collected from euthanized mice using a micropipette. Samples of
blood and peritoneal fluid were directly added to test strips and tested for lactate levels using a Lactate Plus
Blood Lactate Measuring Meter (Nova Biomedical).
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Cancer cell implantation assays. Age-matched mice were randomized into groups and were either adminis-
tered normal saline or LRS i.p. or left untreated. Seven days afterward, mice were injected i.p. with 1 x 10°
RFP-expressing ID8 cells, tGFP-expressing ID8 cells or tGFP-expressing MC-38 cells. Mice were euthanized
at 7 days following IDS cell inoculation and at 2 days following MC-38 cell inoculation. Omental and mes-
enteric tissues were collected, frozen in Optimal Cutting Temperature Compound (Thermo Fisher Scientific),
and cut into 10 pm sections. Because of the high fat content of gonadal fat pads, these tissues were fixed in
formalin, embedded in paraffin, and stained with antibody to tGFP (#PA5-22688, Invitrogen). All slides were
stained with DAPI and viewed under a Nikon 80i fluorescence microscope. Images were captured by using
NIS-Elements software (Nikon). Areas of RFP and tGFP fluorescence within tissue sections were quantified
by using ImagelJ software (NIH) and evaluated as described in the figure legends.

IHC analysis. For histologic analysis, slides of formalin-fixed, paraffin-embedded tissues were stained
with H&E. For immunofluorescence staining, slides of frozen tissue sections were fixed in 4% paraformal-
dehyde for 5 minutes and blocked with 10% goat serum in phosphate-buffered saline (PBS) for 10 minutes.
For intracellular staining, 0.2% Triton X-100 was added to the blocking buffer. Afterward, slides were
stained with primary antibodies at 4°C for 16 hours, washed 3 times with PBS, and then incubated with
fluorochrome-conjugated secondary antibodies for 1 hour. Types and concentrations of antibodies used are
listed in Supplemental Table 2. Slides were then washed 3 times with PBS and stained with DAPI. Anti-
body staining was quantified by using ImageJ software and evaluated as described in the figure legends.

Flow cytometry and cell sorting. Mouse peritoneal fat tissues were disaggregated by incubation in HBSS con-
taining calcium and magnesium with collagenase D (1 mg/mL) and DNase I (100 ng/mL) at 37°C for 30 min-
utes with shaking. Tissues were then passed through 70 pm nylon mesh (BD Biosciences) to further disaggregate
tissues and exclude fat cells. Cells were collected by centrifugation at 400g for 10 minutes, suspended in PBS
containing 1% BSA, and preincubated for 10 minutes with CD16/32 antibody (#101302, BioLegend) to block
nonspecific binding of immunoglobulin to Fc receptors. Cells were then incubated for 30 minutes at 4°C with
fluorochrome-conjugated antibodies at concentrations listed in Supplemental Table 2. Afterward, cells were
washed with PBS, fixed with 4% paraformaldehyde, and acquired. Acquisition and analysis of flow cytometry
data were performed using an Accuri C6 Plus flow cytometer equipped with Accuri C6 Plus software (BD
Biosciences). Data plots were generated using FlowJo software (FlowJo). Unfixed cells were sorted by using a
BD FACsMelody cell sorter (BD Biosciences). The population of viable singlet cells was determined by forward
scatter and side scatter and by staining with Viability Dye eFluor 660 dye. For evaluating major lymphoid and
myeloid populations, a minimum of 10,000 gated events was analyzed for each sample. For evaluating minor
immune cell populations, subpopulations of macrophages, and endothelial cells, all gated events were analyzed.
CountBright Beads (Molecular Probes) were added to all samples to determine absolute cell counts in samples.

Preparation and analysis of cytocentrifuged samples. CD45PDPN*CD140a" cells were sorted from omental
tissues using the gating strategy in Supplemental Figure 2B. Sorted cells were resuspended in PBS contain-
ing 1% BSA, deposited onto glass slides using a Shandon cytocentrifuge at 300 rpm at 10g for 2 minutes,
and then fixed with 4% paraformaldehyde. Cells were permeabilized by incubation in 0.2% Triton X-100 in
blocking buffer for 10 minutes. Afterward, cells were stained with antibody to WT1 (#ab89901, Abcam) at
4°C for 16 hours, washed 3 times with PBS, and incubated with fluorochrome-conjugated secondary anti-
body for 1 hour. Slides were then washed 3 times with PBS and stained with DAPI. A minimum of 500 cells
were reviewed under fluorescence microscopy to determine the percentage of WT1* cells. The same proce-
dure was used to prepare slides of sorted omental CD11b™F4/80°CX3CR1* cells that were stained with
antibody to NF-kB p65 (#8242T, Cell SIgnaling Technology). A minimum of 300 cells were reviewed under
fluorescence microscopy to determine the percentage of cells with nuclear NF-«xB p65. Concentrations of
antibodies used are listed in Supplemental Table 2. In other experiments, monocytes/ macrophages were
sorted based on their CD11b and F4/80 staining patterns and the gating strategy in Figure 3C. Sorted cells
were cytocentrifuged at 10g for 2 minutes onto slides as described above and fixed in methanol for 5 minutes.
Slides were stained with Giemsa solution for 20 minutes, rinsed in deionized water, and then air-dried.

Chemotaxis assays. C57BL/6 mice were either left untreated or administered normal saline i.p. and
then euthanized at 1 day thereafter. CD45" cells of the stromal vascular fraction were sorted from omental
tissues of both groups of mice and were then plated in bottom wells of Boyden chambers (CytoSelect
96-well Cell Migration Assay from Cell Biolabs Inc.) that were coated with Matrigel (Corning) (1 X 10°
cells per well). CD115*GFP* monocytes were sorted from peripheral blood of Cx3cr!*/“F mice and seeded
in upper wells (1 x 10* cells per well). Three hours afterward, migrating monocytes were dissociated from
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the membrane, detected by CyQuant GR Dye (Cell Biolabs Inc.), and quantified by reading fluorescence
at 485 nm (excitation)/530 nm (emission) using a Spark microplate reader.

Ex vivo assay of mesothelial cell exfoliation. Whole naive mouse omental tissues were excised and each
tissue was placed in a 2.0 mL microfuge tube to which an equivalent volume (1.0 mL) of normal saline
or LRS was added. Tissues were incubated in parallel for 1 hour at 37°C with shaking at 300 rpm. Con-
trol omental tissues were left untreated. Tissues of all groups were then disaggregated as described above
and stained with antibodies to CD45, PDPN, and CD140a (#103108, #127408, #135908, BioLegend).
CD45 PDPN*CD140a" cells that were retained in the omentum were quantified by flow cytometry.

In vitro assay of mesothelial cell stripping. Human omental mesothelial cells were plated at > 95% conflu-
ence in uncoated and Matrigel-coated 24-well plates and were allowed to adhere. Thereafter, culture media
were removed, and cells were incubated with 0.5 mL normal saline or LRS at 37°C for 0, 5, 10, 15, 30,
and 60 minutes with gentle shaking at 50 rpm. Following incubation, cells that remained adhered to plates
were fixed in 4% paraformaldehyde and were stained with crystal violet solution. Adhered cells were quan-
tified by solubilizing crystal violet dye in 10% acetic acid and reading absorbance at 570 nm using a Spark
microplate reader. In other experiments, mesothelial cells were plated in 4-well Permanox chamber slides
(Sigma-Aldrich) and were then incubated with normal saline or LRS as above. Cells that remained adhered
were fixed in 4% paraformaldehyde and permeabilized by incubation in 0.2% Triton X-100 in blocking buf-
fer for 10 minutes. Cells were then stained with ZO-1 antibody (#33-9100, Invitrogen) at 4°C for 16 hours,
washed 3 times with PBS, and incubated with fluorochrome-conjugated secondary antibody for 1 hour.
Concentrations of antibodies used are listed in Supplemental Table 2. Slides were then washed 3 times with
PBS, stained with DAPI, and reviewed under a Nikon 80i fluorescence microscope.

Antibody array. Angiogenesis-associated proteins were detected in CD11b™F4/80°MHCII*CX3CR1*
cells by using the Proteome Profiler Mouse Angiogenesis Array (R&D Systems, ARY015). Cells were
sorted from omental tissues of untreated and saline-treated mice using the gating strategy in Supplemental
Figure 7D. Sorted cells from 5 mice in each group were then pooled. Equivalent numbers of pooled cells
from each group (2.5 X 10°) were lysed in buffer provided by the manufacturer. Membranes were incu-
bated with cell lysate at 4°C for 16 hours and were then incubated with antibody cocktail and visualized
according to manufacturer’s instructions. Signal intensities of spots on membranes were quantified by
using ImagelJ software (NIH). The background signal intensity of the negative control spot was subtracted
from signal intensities of each protein spot. Signal intensities of protein spots were then normalized to
the reference spots. An average signal intensity of a given protein was calculated from 2 replicate spots.

CX3CLI ELISA. Mouse omental tissue was weighed and then homogenized in 1 mL PBS contain-
ing proteinase and phosphatase inhibitor cocktail (Thermo Fisher Scientific). Cells were then lysed by
ultrasonication (3 pulses at 10 seconds per pulse) on ice, and centrifuged at 5,000g at 4°C for 5 minutes.
Supernatants were collected and assayed for CX3CL1 by using the mouse CX3CL1 ELISA kit (Invitrogen)
according to the manufacturer’s instructions.

Statistics. Statistical analysis was performed by using GraphPad Prism 9 software (GraphPad Software
Inc.). Normality of data distribution in groups was assessed by Shapiro-Wilk test. For animal studies, the
use of a minimum of #n = 5 mice per group was estimated to detect a difference of 50% in cell counts of a
given cell population between groups in a 2-sided test at a significance of P < 0.05 and with 80% probability.
For in vitro and ex vivo assays, a minimum of 3 independent experiments were performed. Unless indicat-
ed otherwise, significance of data was assessed by Dunnett’s test or Tukey’s test for multiple comparisons,
or by unpaired 2-tailed Student’s ¢ test. Data represent mean * SD. P < 0.05 was considered significant.

Study approval. Animal studies were performed in accordance with protocols approved by the IACUC
of the University of Texas MD Anderson Cancer Center. Studies using human tissue were performed in
accordance with protocols approved by the IRB of the University of Texas MD Anderson Cancer Center
and the IRB of the University of Chicago. Mesothelial cells were isolated from residual omental tissue
specimens that had received full informed consent from human subjects.
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