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ABSTRACT

Background. Surgery introduce inflammatory
response, which may promote tumor growth and metastasis
of residual cancer cells. We investigated the impacts of
methylprednisolone on the tumor growth and peritoneal
seedings in mice treated with lipopolysaccharide (LPS),
which mimics systemic inflammation induced by surgical
stress and postoperative complications.

Methods. The serum interleukin-6 (IL-6) levels, tumor
volume, tumor weight, and the number of peritoneal nod-
ules were investigated in tumor growth model and
peritoneal seeding model using BALB/c mice and murine
CT26 cancer cell lines in vivo. We conducted functional
analyses of IL-6 in Western blotting and proliferation
assays in vitro. We also investigated whether preoperative
administration of methylprednisolone decreased postoper-
ative serum IL-6 levels in cancer patients in a randomized
clinical study.

Results. In the in vivo study, methylprednisolone inhibited
the LPS-induced increase of serum IL-6 levels (mean,
33,756 pg/ml vs. 5917 pg/ml; P < 0.001), tumor volume
(mean, 397 mm? vs. 274 mm3; P =0.019), tumor weight
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(mean, 0.38 g vs. 0.15 g; P = 0.020), and the number of
peritoneal nodules (mean, 112 vs. 47; P = 0.002). In the
in vitro study, IL-6 enhanced JAK/STAT signaling and
increased the cell proliferation, and IL-6R-neutralizing
antibody attenuated these effects. In the clinical study,
serum IL-6 levels were significantly decreased by
methylprednisolone (median, 97.5 pg/ml vs. 18.0 pg/ml;
P = 0.030).

Conclusions. Surgical stress and postoperative complica-
tions may enhance tumor growth due to the increase of IL-
6. However, methylprednisolone can decrease serum IL-6
levels, thus inhibiting tumor growth and peritoneal seeding.

Surgical excision is often necessary to cure solid tumors.
However, postoperative recurrence is still a major problem.
Several previous studies reported that surgical stress and
the occurrence of postoperative complications negatively
impacted the long-term outcomes of cancer patients.'~
One possible mechanism is the inflammatory response
induced by surgical stress or postoperative complications,
which may promote tumor growth and the metastasis of
residual cancer cells. Interleukin-6 (IL-6), an inflammatory
cytokine secreted by macrophages and T cells, is well
known to enhance the proliferation of carcinoma cells.*”
Recent studies showed that IL-6 enhanced cell migration
and invasion in several types of cancer.”® Despite these
findings, few studies have demonstrated the benefit of
controlling inflammation induced by surgical stress and
postoperative complications.” We hypothesized that ele-
vation of serum IL-6 levels by surgical stress and
postoperative complications influences the proliferation
and metastatic spread of residual cancer cells.
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Methylprednisolone is a well-known corticosteroid used
to suppress the immune system and inhibit inflammatory
reactions. Several studies showed the efficacy of preoper-
ative methylprednisolone in reducing complications
following esophagectomy.'®!! However, no studies have
demonstrated the antitumor effect of methylprednisolone or
its impact on long-term prognosis. In this study, we
administered lipopolysaccharide (LPS) intraperitoneally to
BALB/c mice to investigate whether methylprednisolone
decreased the proliferation and metastatic spread of cancer
cells. We also examined whether methylprednisolone
decreased serum IL-6 levels in patients in a randomized
clinical study.

MATERIALS AND METHODS
Animal and Cell Lines

Six-week-old male BALB/c mice were purchased from
CLEA Japan (Tokyo, Japan). All animal experiments were
performed in accordance with the guidelines approved by
Osaka University.

Tumorigenic CT26 mouse colon adenocarcinoma cells
(CT26.WT; ADCC CRL-2638) were obtained from the
American Type Culture Collection (Rockville, MD). Cells
were cultured in RPMI 1640 medium (Life Technologies,
Carlsbad, CA) supplemented with 10% fetal bovine serum
(Sigma-Aldrich, St. Louis, MO) and 1% penicillin/strep-
tomycin (Life Technologies).

In Vivo Tumor Experiments

In the subcutaneous implantation experiments, 2 x 10°
CT26 cells in 100 pl of PBS were inoculated subcuta-
neously into the back of mice. When the tumor volume
reached 150 mm®, mice were treated with methylpred-
nisolone or saline intraperitoneally to decrease any
subsequent inflammation, and LPS or saline was injected
intraperitoneally. Mice were classified into four groups: the
control group was administered 100 pl of saline two times;
the methylprednisolone-only group was administered
100 pl of methylprednisolone (100 pg/g of body weight)
followed by 100 pl of saline; the LPS without methyl-
prednisolone group was administered 100 pl of saline
followed by 100 pl of LPS (0.5 pg/g of body weight); and
the LPS with methylprednisolone group was administered
100 pl of methylprednisolone (100 pg/g of body weight)
followed by 100 pl of LPS (0.5 pg/g of body weight).
Serum was collected from the caudal vein 2 h after
administration of LPS or saline, and serum IL-6 levels were
measured using an ELISA kit specific for mice (R&D

Systems, Minneapolis, MN). Tumor volumes were calcu-
lated on day 5 using the equation V (mm’) = A x B2,
where A is the largest diameter and B is the smallest
diameter. Mice were sacrificed on day 7, and tumor
weights were evaluated.

In the peritoneal seeding experiments, 100 pl of
methylprednisolone (100 ng/g of body weight) or 100 pl of
saline was injected intraperitoneally followed by 100 pl of
LPS (0.5 pg/g of body weight) or 100 pl of saline. Next,
1 x 10° CT26 cells in 500 pl of PBS were injected
intraperitoneally. Laparotomy was performed on day 10,
and the number of tumor nodules and the tumor weight
were evaluated.

Immunohistochemistry

Tumor-bearing mice were sacrificed on the day after
intraperitoneal injection of LPS or saline. The tumors were
fixed in formalin and embedded in paraffin. Slides were
incubated with Ki67 antibody (diluted 1:300; Novus Bio-
logicals, Littleton, CO). Ki67 staining was recorded as the
ratio of positively stained cells to all tumor cells in five
fields from each section at 200 x magnification.

Western Blotting

CT26 cells were stimulated with recombinant mouse IL-
6 (50 ng/ml) or recombinant mouse IL-6 and anti-mouse
IL-6R-neutralizing antibody (100 pg/ml). Total protein
(10 pg) was extracted from cultured cells 20 min after cells
were stimulated and transferred to polyvinylidene difluo-
ride membranes. The membranes were blocked and
incubated with following antibodies: anti-phosphorylated
signal transducer and activator of transcription 3 (pSTAT3)
(1:1000 dilution, Cell Signaling Technology, Beverly,
MA), anti-STAT3 (1:1000 dilution, Cell Signaling Tech-
nology), and anti-B-actin (1:1000 dilution, Sigma-Aldrich,
St. Louis, MO). After incubation with secondary antibod-
ies, the protein bands were detected.

Proliferation Assay

CT26 cells were seeded at a density of 2 x 10° cells per
well in 96-well plates and cultured in RPMI 1640 medium
supplemented with a low concentration of fetal bovine
serum (0.1% FBS) for 24 h. Cells were stimulated with
recombinant mouse IL-6 (50 ng/ml, R&D Systems, Min-
neapolis, MN) or recombinant mouse IL-6 and anti-mouse
IL-6R-neutralizing antibody (100 pg/ml, Chugai Pharma-
ceutical, Tokyo, Japan). Cell proliferation was assessed on
days 0, 2, and 5 after cell stimulation and compared
between the three groups using a Cell Counting Kit-8
(Dojindo, Tokyo, Japan).
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Wound Scratch Assay

Cells were seeded at a density of 1 x 10° cells per well
in 6-well plates and cultured for 24 h to permit cell adhe-
sion and the formation of a confluent monolayer. A scratch
across the dish surface was created with a 200-pul pipette
tip. The cells were cultured in RPMI 1640 medium with
0.1% FBS with recombinant mouse IL-6 (50 ng/ml, R&D
Systems) or recombinant mouse IL-6 and anti-mouse IL-
6R-neutralizing antibody (100 pg/ml, Chugai Pharmaceu-
tical). Wound closure was monitored by collecting
digitized images at O and 24 h after the scratch was created,
and cell migration was evaluated by measuring the ratio of
the cell coverage area to the initial cell-free zone in five
random areas using Image J software.

Human Subjects

A randomized, clinical study was begun in December
2016 by the Clinical Study Group of Osaka University to
evaluate the safety and efficacy of preoperative methyl-
prednisolone administration in patients with
resectable gastric cancer. This study was registered in
UMIN-CTR, number UMIN000024465. Patients who were
randomly assigned to the methylprednisolone group
received preoperative intravenous administration of 5 mg/
kg of methylprednisolone once just before the skin inci-
sion. This study was phase II/IIl study, and the primary
endpoints were the maximum of serum level of postoper-
ative CRP (phase II), and the recurrence free survival
(phase III). In a correlative study, we examined serum IL-6
levels preoperatively (within 2 weeks before surgery) and
postoperatively (the day after surgery) in patients who
enrolled at our institute between December 2016 and
September 2017. A testing center (SRL, Tokyo, Japan) was
commissioned to measure levels of serum IL-6.

Statistical Analysis

In human subjects, differences between groups were
examined for statistical significance by the Mann—Whitney
U test. In both in vitro and in vivo analysis, data are
expressed as mean =+ standard error (SE). Differences
between groups were examined for statistical significance
by Student’s ¢ test. Two-sided P values were calculated,
and a value of P < 0.05 was considered to be statistically
significant. All statistical analyses were performed with the
SPSS statistics software package, version 22.

RESULTS

Impact of Methylprednisolone on Tumor Growth
in Vivo

To investigate whether LPS accelerated tumor growth
and whether this acceleration was inhibited by methyl-
prednisolone in the tumor-bearing mouse model, we
evaluated the volume and weight of the tumors in each of
the four groups (Fig. la). LPS significantly increased
serum IL-6 levels relative to saline control (mean,
33,756 pg/ml vs. 1352 pg/ml; P < 0.001), and this
increase was prevented by methylprednisolone (mean,
5917 pg/ml; P < 0.001; Fig. 1b). Tumors volumes on day
5 in the LPS(+)/methylprednisolone(—) group (mean,
397 mm?) showed a significant increase relative to both the
LPS(—)/methylprednisolone(—) group (mean, 261 mm?>;
P =0.013) and LPS(—)/methylprednisolone(+) groups
(mean, 236 mm?; P = 0.024; Fig. 1c). Methylprednisolone
administration suppressed the increase of tumor volumes
even with LPS (mean, 274 mm3; P =0.019). Similarly, the
increase of total weight of tumors on day 7 in the LPS(+4)/
methylprednisolone(—) group (mean, 0.38 g) was sup-
pressed by methylprednisolone administration (mean,
0.15 g; P =0.020; Fig. 1d). The tumor proliferation pro-
moted by LPS (mean, 69%) also was inhibited by
methylprednisolone administration in Ki67 immunohisto-
chemistry (mean, 47%; P = 0.032; Fig. le). Resected
tumor and tumor cells stained with Ki67 antibody, are
shown in Supplementary Figure 1.

Impact of Methylprednisolone on Tumor Peritoneal
Seeding in Vivo

To investigate whether LPS accelerated tumor growth
and methylprednisolone inhibited peritoneal seeding of
tumor cells in the mouse model, we evaluated the total
number and weight of peritoneal tumors 10 days after
inoculation with CT26 cells (Fig. 2a). The number of
tumor nodules on day 10 in the LPS(+)/methylpred-
nisolone(—) group (mean, 112) was significantly higher
than in the LPS(—)/methylprednisolone(—) (mean, 39;
P =0.001) and LPS(—)/methylprednisolone(+) groups
(mean, 50; P =0.013; Fig, 2b). Methylprednisolone
administration suppressed the increase in number of tumor
nodules, even with LPS (mean, 47; P = 0.002). Similarly,
the total weight of tumors on day 10 in the LPS(4)/
methylprednisolone(—) group (mean, 1.11 g) was signifi-
cantly  higher than that in the  LPS(-)/
methylprednisolone(—) (mean, 0.35 g; P =0.011) and
LPS(—)/methylprednisolone(+4) groups (mean, 0.49 g;
P =0.049), but the increase was suppressed by methyl-
prednisolone administration (mean, 0.39 g; P = 0.018;
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Fig. 2¢). Resected tumor are shown in Supplementary
Figure 2.

Proliferation and Migration Activity Regulated by IL-6

To investigate the role of the JAK/STAT pathway in our
model, we conducted a proliferation assay and wound
scratch assay. Western blotting showed that recombinant
mouse IL-6 promoted the expression of pSTAT3, and anti-
mouse IL-6R-neutralizing antibody attenuated the expres-
sion of pSTAT3 (Fig. 3a). Recombinant mouse IL-6
significantly increased the proliferation of CT26 cells
(P < 0.001), but this was significantly mitigated by anti-
mouse IL-6R-neutralizing antibody (P < 0.001; Fig. 3b).
Tumor migration also was significantly promoted by
recombinant mouse IL-6 (mean, 66% vs. 49%; P = 0.026),
and it was relatively inhibited by anti-mouse IL-6R-neu-

tralizing antibody, although it was not statistically
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FIG. 3 Proliferation and migration activity regulated by IL-6.
a Protein expression levels of pSTAT3 detected by Western
blotting. b Proliferation assay. Absorbance was measured on days
0, 2, and 5 in triplicate. ¢ Wound scratch assay. Cell migration was

significant (mean, 54%; P = 0.206; Fig. 3c). Representa-
tive images are shown in Fig. 3d.

Impact of Methylprednisolone on Postoperative Serum
IL-6 Levels Induced by Surgical Stress in Human
Subjects

In a correlative study of the clinical trial, we examined
the pre- and postoperative serum IL-6 levels in six patients
in the surgery-only group and six patients in the surgery
plus methylprednisolone group. Preoperative serum IL-6
levels were similar in the two groups (median, 3.2 pg/ml in
the surgery-only group and 5.4 pg/ml in the surgery plus
methylprednisolone group; P = 0.394; Fig. 4a). However,
postoperative levels were significantly higher in the sur-
gery-only group than in the surgery plus
methylprednisolone group (median, 97.5 pg/ml in the sur-
gery-only group and 18.0 pg/ml in the methylprednisolone
group; P = 0.030; Fig. 4b).
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DISCUSSION

In the in vivo study, LPS increased serum IL-6 levels in
mice and promoted tumor growth and the adhesion of
cancer cells to the peritoneum. However, methylpred-
nisolone mitigated the increase of serum IL-6 levels, which
led to significant inhibition of the tumor growth and peri-
toneal seeding induced by LPS. In Ki67
immunohistochemical analysis, the promotion of tumor
proliferation by LPS also was inhibited by methylpred-
nisolone administration. In the in vitro study, IL-6
enhanced both JAK/STAT signaling and the cell prolifer-
ation and migration of CT26 cells, and anti-mouse IL-6R-
neutralizing antibody attenuated the proliferation and
migration effects. We also confirmed that preoperative
administration of methylprednisolone led to a significant
decrease in serum IL-6 levels in a randomized clinical
study.

IL-6 is mainly secreted by macrophages and T cells and
is an acute-phase protein, along with interleukin-1 beta,
tumor necrosis factor-alpha, and interferon gamma. IL-6
has been reported to be correlated with surgical stress and
to be a reliable marker for detecting postoperative com-
plications.'*'® Moreover, IL-6 has been reported to play
various roles in the pathogenesis and activity of human
cancers.'*'> The IL-6 receptor consists of the common
receptor unit gp130 and the IL-6-specific subunit gp80, and
activation of this receptor complex results in downstream
activation of the JAK/STAT, PI3K/Akt, and MAPK sig-
naling pathways.'®'” Activation of the JAK/STAT
pathway results in nuclear translocation of phosphorylated
STAT?3 and transcriptional upregulation of target genes and
plays an important role in tumor proliferation, invasion,
and metastasis.”'®'” A previous study reported that serum
and abdominal fluid in patients with postoperative

200.0
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data points still within 1.5 times the interquartile range (IQR) from
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1.5 times the IQR from the upper quartile boundary. *P < 0.05. MP
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peritoneal infection enhanced tumor cell migration and
invasion in vitro.?” These fluids may contain proinflam-
matory cytokines and growth factors, which are primarily
synthesized after trauma and initially released locally by
leukocytes, macrophages, and endothelial cells, and then
released systemically.”"** In this study, CT26 cells cul-
tured with anti-mouse IL-6R-neutralizing antibody
proliferated more slowly than control cells. Previous
studies reported that a variety of malignant tumors contain
or synthesize IL-6, and autocrine growth stimulation has
been suggested as a possible mechanism for the action of
IL-6.>*** These findings suggest that IL-6R-neutralizing
antibody might suppress not only recombinant IL-6 but
also IL-6 secreted by cancer cells, which is necessary for
stimulating proliferation. Ashizawa et al.>> reported that
the preoperative serum IL-6 level was a prognostic factor
in patients with gastric cancer. In contrast, postoperative
serum IL-6 level is mainly reflected by postoperative
inflammation. We hypothesize that suppressing postoper-
ative inflammation will provide a positive impact on the
prognosis of patients who have undergone surgery.
Therefore, we performed in vivo experiments to investigate
whether methylprednisolone, a strong anti-inflammatory
drug, has an antitumor effect resulting from its suppression
of the systemic inflammatory response.

We also demonstrated the influence of LPS-induced
inflammation and methylprednisolone on peritoneal seed-
ing. However, it is not clear how inflammation promotes
peritoneal seeding of cancer cells. Surgical removal of
primary tumors causes spillage of cancer cells and pro-
motes peritoneal seeding.”*?’ Recently, Xiao et al.*®
reported that IL-6 promoted epithelial-to-mesenchymal
transition (EMT) of peritoneal mesothelial cells, possibly
through the JAK/STAT?3 signaling pathway. EMT of these
cells is an important process for peritoneal metastasis,
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because cancer cells liberated from the primary tumor
invade through the peritoneal membrane, which is covered
with peritoneal mesothelial cells.”” These facts suggest that
IL-6 elevation by LPS-induced inflammation may promote
peritoneal seeding by inducing adhesion of cancer cells to
the peritoneal membrane.

To the best of our knowledge, no studies have demon-
strated the prognostic benefit of preoperative
methylprednisolone administration in cancer surgery.
Although several previous studies have reported that pre-
operative methylprednisolone administration suppressed
the postoperative increase in serum levels of IL-6 in eso-
phageal cancer, the prognostic value of postoperative IL-6
was not evaluated.'"*° In our clinical study, the serum IL-6
level was lower than that in our in vivo experiment,
because serum was collected the day after surgery to
simplify the study. Serum IL-6 is drastically increased by
surgery and decreases rapidly thereafter. We think that
preoperative methylprednisolone may play an important
role in the acute phase after surgery in preventing tumor
growth and peritoneal seeding induced by surgery. In the
future, we will analyze the usefulness of preoperative
methylprednisolone administration in improving outcomes
of gastric cancer patients in our ongoing, randomized,
controlled trial.

The main limitation of our study was that we evaluated
only IL-6 and no other proinflammatory -cytokines.
Methylprednisolone is a strong anti-inflammatory drug and
suppresses other acute-phase proteins, such as tumor
necrosis factor-alpha and nuclear factor-kappa B. There-
fore, there may be other cytokines besides IL-6 that
influence tumor growth and seeding in our mouse model of
inflammation.

In conclusion, surgical stress and postoperative com-
plications may enhance tumor growth due to the increase of
IL-6. However, preoperative methylprednisolone can
reduce the elevation of serum IL-6 levels, thus inhibiting
tumor growth and peritoneal seeding.

DISCLOSURE There are no conflicts of interest.

REFERENCES

1. Artinyan A, Orcutt ST, Anaya DA, et al. Infectious postoperative
complications decrease long-term survival in patients undergoing
curative surgery for colorectal cancer: a study of 12,075 patients.
Ann Surg. 2015;261:497-505.

2. Lerut T, Moons J, Coosemans W, et al. Postoperative compli-
cations after transthoracic esophagectomy for cancer of the
esophagus and gastroesophageal junction are correlated with
early cancer recurrence: role of systematic grading of complica-
tions using the modified Clavien classification. Ann Surg.
2009;250:798-807.

3. Saito T, Kurokawa Y, Miyazaki Y, et al. Which is a more reliable
indicator of survival after gastric cancer surgery: postoperative

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

complication occurrence or C-reactive protein elevation? J Surg
Oncol. 2015;112:894-9.

. Goumas FA, Holmer R, Egberts JH, et al. Inhibition of IL-6

signaling significantly reduces primary tumor growth and recur-
rences in orthotopic xenograft models of pancreatic cancer. Int J
Cancer. 2015;137:1035-46.

. Suchi K, Fujiwara H, Okamura S, et al. Overexpression of

Interleukin-6 suppresses cisplatin-induced cytotoxicity in eso-
phageal squamous cell carcinoma cells. Anticancer Res.
2011;31:67-75.

. Lin MT, Lin BR, Chang CC, et al. IL-6 induces AGS gastric

cancer cell invasion via activation of the c-Src/RhoA/ROCK
signaling pathway. Int J Cancer. 2007;120:2600-8.

. Nakayama T, Yoshizaki A, Izumida S, et al. Expression of

interleukin-11 (IL-11) and IL-11 receptor alpha in human gastric
carcinoma and IL-11 upregulates the invasive activity of human
gastric carcinoma cells. Int J Oncol. 2007;30:825-33.

. Foran E, Garrity-Park MM, Mureau C, et al. Upregulation of

DNA methyltransferase- mediated gene silencing, anchorage-in-
dependent growth, and migration of colon cancer cells by
interleukin-6. Mol Cancer Res. 2010;8:471-81.

. Nojiri T, Hosoda H, Tokudome T, et al. Atrial natriuretic peptide

prevents cancer metastasis through vascular endothelial cells.
Proc Natl Acad Sci USA. 2015;112:4086-91.

Shimada H, Ochiai T, Okazumi S, et al. Clinical benefits of
steroid therapy on surgical stress in patients with esophageal
cancer. Surgery. 2000;128(5):791-8.

Sato N, Koeda K, Ikeda K, et al. Randomized study of the ben-
efits of preoperative corticosteroid administration on the
postoperative morbidity and cytokine response in patients
undergoing surgery for esophageal cancer. Ann Surg.
2002;236(2):184-90.

. Szczepanik AM, Scislo L, Scully T, et al. IL-6 serum levels

predict postoperative morbidity in gastric cancer patients. Gastric
Cancer. 2011;14(3):266-73.

Wen XH, Kong HY, Zhu SM, et al. Plasma levels of tumor
necrotic factor-alpha and interleukin-6, -8 during orthotopic liver
transplantation and their relations to postoperative pulmonary
complications. Hepatobil Pancreat Dis Int. 2004;3(1):38—41.
Hodge DR, Hurt EM, Farrar WL. The role of IL-6 and STAT3 in
inflammation and cancer. Eur J Cancer 2005;41:2502—12.
Blechacz B, Gores GJ. Cholangiocarcinoma: advances in patho-
genesis, diagnosis, and treatment. Hepatology.
2008;48(1):308-21.

Garbers C, Hermanns HM, Schaper F, et al. Plasticity and cross-
talk of interleukin 6-type cytokines. Cytokine Growth Factor Rev.
2012;23:85-97.

Kishimoto T. IL-6: from its discovery to clinical applications. Int
Immunol. 2010;22:347-52.

Leu CM, Wong FH, Chang C, et al. Interleukin-6 acts as an
antiapoptotic factor in human esophageal carcinoma cells through
the activation of both STAT3 and mitogen-activated protein
kinase pathways. Oncogene. 2003;22:7809-18.

Sansone P, Storci G, Tavolari S, et al. IL-6 triggers malignant
features in mammospheres from human ductal breast carcinoma
and normal mammary gland. J Clin Invest. 2007;117:3988-4002.
Salvans S, Mayol X, Alonso S, et al. Postoperative peritoneal
infection enhances migration and invasion capacities of tumor
cells in vitro: An insight into the association between anastomotic
leak and recurrence after surgery for colorectal cancer. Ann Surg.
2014;260:939-44.

Wu FP, Sietses C, von Blomberg BM, Van Leeuwen PA, Meijer
S, Cuesta MA. Systemic and peritoneal inflammatory response
after laparoscopic or conventional colon resection in cancer
patients: a prospective, randomized trial. Dis Colon Rectum.
2003;46:147-55.



2838

Y. Taniguchi et al.

22.

23.

24.

25.

26.

Pascual M, Alonso S, Pares D, et al. Randomized clinical trial
comparing inflammatory and angiogenic response after open
versus laparoscopic curative resection for colonic cancer. Br J
Surg. 2011;98:50-9.

Okamoto M, Lee C, Oyasu R. Autocrine effect of androgen on
proliferation of an androgen responsive prostatic carcinoma cell
line, LNCAP: role of interleukin-6. Endocrinology.
1997;138:5071-4.

Eustace D, Han X, Gooding R, Rowbottom A, Riches P, Hey-
derman E. Interleukin-6 (IL-6) functions as an autocrine growth
factor in cervical carcinomas in vitro. Gynecol Oncol.
1993;50:15-9.

Ashizawa T, Okada R, Suzuki Y, et al. Clinical significance of
interleukin-6 (IL-6) in the spread of gastric cancer: role of IL-6 as
a prognostic factor. Gastric Cancer. 2005;8(2):124-31.

Lee SW, Southall J, Allendorf J, Bessler M, Whelan RL. Trau-
matic handling of the tumor independent of pneumoperitoneum
increases port site implantation rate of colon cancer in a murine
model. Surg Endosc. 1998;12(6):828-34.

217.

28.

29.

30.

Sugarbaker PH. Strategies for the prevention and treatment of
peritoneal carcinomatosis from gastrointestinal cancer. Cancer
Invest. 2005;23(2):155-72.

Xiao J, Gong Y, Chen Y, et al. IL-6 promotes epithelial-to-
mesenchymal transition of human peritoneal mesothelial cells
possibly through the JAK2/STAT3 signaling pathway. Am J
Physiol Renal Physiol. 2017;313(2):F310-8.

Mochizuki Y, Nakanishi H, Kodera Y, et al. TNF-alpha promotes
progression of peritoneal metastasis as demonstrated using a
green fluorescence protein (GFP)-tagged human gastric cancer
cell line. Clin Exp Metastasis. 2004;21:39—47.

Matsutani T, Onda M, Sasajima K, Miyashita M. Glucocorticoid
attenuates a decrease of antithrombin III following major surgery.
J Surg Res. 1998;79(2):158-63.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Methylprednisolone Inhibits Tumor Growth and Peritoneal Seeding Induced by Surgical Stress and Postoperative Complications
	Abstract
	Background
	Methods
	Results
	Conclusions

	Materials and Methods
	Animal and Cell Lines
	In Vivo Tumor Experiments
	Immunohistochemistry
	Western Blotting
	Proliferation Assay
	Wound Scratch Assay
	Human Subjects
	Statistical Analysis

	Results
	Impact of Methylprednisolone on Tumor Growth in Vivo
	Impact of Methylprednisolone on Tumor Peritoneal Seeding in Vivo
	Proliferation and Migration Activity Regulated by IL-6
	Impact of Methylprednisolone on Postoperative Serum IL-6 Levels Induced by Surgical Stress in Human Subjects

	Discussion
	References




