J¢0

World Journal of
Gastrointestinal Oncology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4251/ wjgo.v6.i10.413

World | Gastrointest Oncol 2014 October 15; 6(10): 413-419
ISSN 1948-5204 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY

Plasma monocyte chemotactic protein-1 remains elevated
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Abstract

AIM: To investigate plasma Monocyte Chemotactic Pro-
tein-1 levels preoperatively in colorectal cancer (CRC)
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and benign patients and postoperatively after CRC re-
section.

METHODS: A plasma bank was screened for minimally
invasive colorectal cancer resection (MICR) for CRC and
benign disease (BEN) patients for whom preoperative,
early postoperative, and 1 or more late postopera-
tive samples (postoperative day 7-27) were available.
Monocyte chemotactic protein-1 (MCP-1) levels (pg/mL)
were determined vig enzyme linked immuno-absorbent
assay.

RESULTS: One hundred and two CRC and 86 BEN pa-
tients were studied. The CRC patient’s median preoper-
ative MCP-1 level (283.1, CI: 256.0, 294.3) was higher
than the BEN group level (227.5, CI: 200.2, 245.2; P =
0.0004). I's CRC preoperative levels, elevated MCP-1
plasma levels were found on postoperative day 1
(446.3, CI: 418.0, 520.1), postoperative day 3 (342.7,
CI: 320.4, 377.4), postoperative day 7-13 (326.5, CI:
299.4, 354.1), postoperative day 14-20 (361.6, CI:
287.8, 407.9), and postoperative day 21-27 (318.1, CI:
287.2, 371.6; P < 0.001 for all).

CONCLUSION: Preoperative MCP-1 levels were higher
in CRC patients (s BEN). After MICR for CRC, MCP-1
levels were elevated for 1 mo and may promote angio-
genesis, cancer recurrence and metastasis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Monocyte chemotactic
protein-1; Minimally invasive colorectal resection angio-
genesis

Core tip: In our past published studied we have shown
that plasma levels of the pro-angiogenic proteins,
vascular endothelial growth factor, angiopoietin-2, pla-
cental growth factor, and soluble vascular adhesion
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molecule-1, are significantly elevated for 2-4 wk follow-
ing minimally invasive colorectal resection for colorec-
tal cancer (CRC). Additionally, we also showed that
postoperative plasma from cancer patients stimulates
/in vitro endothelial cell proliferation, migration, and
invasion, all of which are critical steps in angiogenesis.
In this manuscript we are presenting data to show that
plasma Monocyte chemotactic protein-1 (MCP-1), a
pro-angiogenic protein, in CRC patients remain elevated
for month after MICR. Furthermore, we are also show-
ing that the median preoperative plasma level of MCP-1
is significantly higher in the CRC patients than in the
BEN group.

Shantha Kumara HMC, Myers EA, Herath SAC, Jang JH, Njoh L,
Yan X, Kirchoff D, Cekic V, Luchtefeld M, Whelan RL. Plasma
monocyte chemotactic protein-1 remains elevated after mini-
mally invasive colorectal cancer resection. World J Gastrointest
Oncol 2014; 6(10): 413-419 Available from: URL: http://www.
wjgnet.com/1948-5204/full/v6/i10/413.htm DOI: http://dx.doi.
org/10.4251/wjgo.v6.i110.413

INTRODUCTION

Surgery remains the mainstay of treatment for colorectal
cancer (CRC), however, a significant number of patients
develop disease recurrence following a “curative resec-
tion”, presumably from unrecognized tumor microfoci
ot from viable tumor cells that persist in the circulation'",
There is growing evidence that tumor resection may indi-
rectly stimulate the growth of residual cancer viz surgery-
related immunosuppression and elevated blood levels of
proangiogenic proteins during the early postoperative pe-
riod. Thus, the eatly postoperative period may be a dan-
gerous time window for cancer patients who potentially
harbor residual disease.

Plasma levels of the proangiogenic proteins, vascu-
lar endothelial growth factor (VEGF), angiopoietin-2
(Ang-2), placental growth factor (PIGF), and soluble vas-
cular adhesion molecule-1 (sVCAM-1), have been noted
to be significantly elevated for 2-4 wk following minimal-
ly invasive colorectal resection for CRC*”, Additionally,
ptior studies have shown that postoperative plasma from
cancer patients stimulates 7z vitro endothelial cell (EC)
proliferation, migration, and invasion, all of which are
critical steps in angiogenesis".

Monocyte chemotactic protein-1 (MCP-1), a member
of the C-C chemokine family, is a protein that has several
proangiogenic effects. Evidence shows that MCP-1 is
produced by certain tumor cells as well as stromal cells
such as fibroblasts, endothelial cells (EC’), and mono-
Cytesm. It is a known chemo attractant for monocytes,
macrophages, eosinophils, and lymphocytes, and is also a
ligand for CC chemokine receptor 2 (CCR2)™. MCP-1
is thought to mediate angiogenesis vz recruitment of
proangiogenic protein producing monocytes and mac-

Raishidenge ~ WJGO | www.wjgnet.com

414

rophages and endothelial cells into wounds and tumors.
The chemotaxis of EC’ss is inhibited by MCP-1 antibod-
ies in vitro and in vivd”. MCP-1, by binding to CCR2 on
the surface of EC’, has also been shown to promote EC
migration, which is a critical early step in angiogenesis[g’m].
There also appears to be an intimate relationship between
MCP-1 and VEGE Interestingly, VEGF increases MCP-1
mRNA expression in EC 77 vitro cultures'. Also, there is
evidence that MCP-1 modulates VEGF’s effects; MCP-1
antibody diminishes VEGF mediated tubule formation in
angiogenesis assays' .

Angiogenesis is fundamental to both wound healing
and tumor growth. MCP-1 is found abundantly during
the initial inflammatory stage of wound healing”, where it
plays a role in recruiting monocytes and macrophages' .
Weber ez al" showed that the presence of a MCP-1 recep-
tor antagonist or neutralizing MCP-1 antibody impaired
the ability of ECs to migrate and close wounds, whereas
the addition of MCP-1 facilitated repair. Thus, MCP-1 ap-
pears to induce EC migration during wound repair’. Ad-
ditionally, endothelial MCP-1 secretion is increased in the
setting of multiple wounds"". Finally, wound re-epithelial-
ization is significantly delayed in MCP-1 knockout mice!”,

There is also experiment evidence suggesting that
MCP-1 plays a role in tumor growth. Nakashima ez a/'"
demonstrated that transfection of MCP-1 into a murine
CRC cell line promoted lung metastases by augmenting
neovascularization. Further, Salcedo ¢f a/” showed that
treatment of immunodeficient mice, in whom metastases
had been established #iz inoculation with human breast
carcinoma cells, with administration of a neutralizing
antibody to MCP-1 resulted in significant longer survival
and decreased growth of lung micrometastases”. MCP-1
has also been associated with multiple human cancers.
A study of breast cancer patients revealed high levels of
MCP-1 expression in primary breast cancers by enzyme
linked immuno-absorbent assay (ELISA) and immuno-
histochemical analysis; this expression correlated signifi-
cantly with macrophage accumulation in the tumors'”.
In another study, patients with primary and recurrent
ovarian cancer were shown to have significantly higher
MCP-1 serum levels compared to patients with benign
ovarian pathology"”. Furthermore, MCP-1 serum levels
have been shown to correlate with histological grade in
ovarian cancer patients“ 9

The impact of CRC on plasma levels of MCP-1 is un-
known. Further, the effect of minimally invasive colorectal
resection (MICR) on postoperative (PostOp) plasma MCP-1
levels is unknown. MCP-1 may contribute to the overall
proangiogenic state of plasma noted following surgery. The
purpose of this study was twofold: (1) to assess plasma levels
of MCP-1 before surgery in CRC and BEN disease patients;
and (2) to determine levels after MICR for cancer.

MATERIALS AND METHODS
Study population

Consenting patients with CRC or benign colorectal
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disease (BEN) that underwent elective MICR during
the period of 2003-2011 were identified from a larger
population of patients who had been enrolled in an IRB-
approved multicenter prospective data and blood banking
protocol. The broadly stated purpose of this effort is to
study the physiologic, immunologic, and oncologic rami-
fications of major abdominal surgery. Enrolled patients
underwent surgery alone and did not receive a novel drug
or other therapy. The indications and type of surgery
as well as the demographic, operative, and short term
recovery data was prospectively collected for all patients.
Recently transfused patients, immunosuppressed patients
(medication-related, HIV+, ¢#.), and those who received
radio- or chemotherapy within 6 wk of surgery were ex-
cluded. Patients undergoing urgent or emergent surgery
were, likewise, excluded.

Blood sampling and processing

To be eligible for entry into this study plasma samples for
the following time points needed to be available for CRC
patients who underwent MICR: preoperative (PreOp),
postoperative day (POD) 1, POD 3, and at least 1 later
postoperative specimen from POD 7-28. Of note, blood
samples after POD 7 were obtained at follow up of-
fice appointments but were not scheduled on a specific
POD. Many patients refused late blood draws. Because
the number of specimens on any given late postoperative
day was small it was necessary to “bundle” the specimens
from 7 d time blocks (POD 7-13, 14-20, 21-27) and con-
sider these as single time points. PreOp blood samples
were obtained prior to surgery and processed in an iden-
tical manner for comparison of MCP-1 levels in CRC
patients and the BEN group. Samples were collected in
heparin-containing tubes, were processed within 5-6 h of
collection. After centrifugation, the plasma was frozen
and stored at -80 °C until the assays were performed.

Plasma MCP-1 determination

Plasma levels of MCP-1 were determined in duplicate
using a commercially available enzyme linked immuno-
absorbent assay (R and D Systems, Minneapolis, MN)
according to the manufacturer’s instructions. MCP-1
concentrations (pg/mlL) were calculated using a standard
curve made in every assay and were reported as median
and 95% confidence intervals for the PreOp s PostOp
MCP-1 comparisons, the preoperative CRC »s BEN
group compatison, and for the Stage 1-3 CRC sub group
comparisons.

Statistical analysis

Demographic and clinical data are expressed as the mean
and SD for continuous variables. Preoperative MCP-1
values in the cancer and Benign populations were not
normally distributed and, thus, the median values for each
group wete calculated and compared using the Mann and
Whitney U test. In regards to the CRC Pre #s Postopera-
tive MCP-1 comparisons, the results are reported as the
median and 95%Cls and the Wilcoxon paired test was
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used to analyze the data. Significance was set at P < 0.01
(Bonferroni adjustment was applied). In regards to the
sub group comparisons of preoperative MCP-1 values
vs the stage 1-3 CRC subgroups, the results are reported
as the median and 95%CIs and the Mann and Whitney
U test was utilized for the analysis. Correlation between
postoperative MCP-1 plasma levels #s incision size and
length of surgery was evaluated by the Spearman’s rank
correlation coefficient (rs) and the correlation between
complication rate and PostOp MCP-1 levels was calcu-
lated zia logistic regression analysis. All data analysis was
performed using SPSS version 15.0 (SPSS, Inc., Chicago,
IL).

RESULTS

Opverall, a total of 102 CRC patients (59 males, 43 fe-
males with a mean age of 67.1 £ 12.3 years) were in-
cluded in the study. Seventy patients (69%) had colon
cancers while 32 (31%) had rectal lesions. The final can-
cer stage breakdown is as follows: Stage I, 30.5%; Stage
T, 30.5%; Stage I, 37%; and Stage IV, 2%. The majority
of patients (66%) underwent laparoscopic-assisted (LLA)
resections, whereas 34% had a hand-assisted or hybrid
laparoscopic (HAL) procedure. The types of resection
performed, as well as other operative data are provided
in Table 1. The overall complication rate for the CRC
patients was 21% and there were no anastomotic leaks,

intra-abdominal abscesses, or perioperative deaths. The
complications noted included the following: wound in-
fections (2 patients); cardiac (2); pulmonary (3); ileus (6);
urinary retention (5); SBO (3); and C. difficile colitis (1).

A group of 86 benign colorectal disease patients
(BEN) who underwent MICR served as the control
group for the preoperative MCP-1 levels comparison.
The indications for MICR in the BEN group were di-
verticulitis (# = 30) and benign neoplasms (7 = 56). The
CRC group was significantly older than the BEN group
(67.1 £12.3 »559.3 + 13.4 years, P < 0.0001; Table 1) but

with similar male to female ratios.

Preoperative MCP-1 plasma levels in CRC vs BEN group
The median PreOp MCP-1 plasma level in the CRC pa-
tients (283.1, CI: 256.0, 294.4) was modestly but signifi-
cantly higher (24%) than the level noted in the BEN patient
group (227.5, CI: 200.2, 245.2; P = 0.0004; Figure 1).

Preoperative MCP-1 plasma levels in the Stage 1-3 CRC

subgroups

In regards to final cancer stage, the median PreOp values
for the Stage 1 to 3 CRC groups were as follows: Stage
[, 296.5 (CI: 231.2, 343.7); Stage 1I, 274.2 (CIL: 217.3,
292.2); and Stage III, 285.9 (CI: 251.1, 296.9). Although
the results for each Stage group (1-3) were significantly
higher than the BEN group’s median value, there was
no significant difference amongst the Stage 1, 2, and 3
groups [Note: There were too few Stage 4 patients (# = 2)
in the CRC population to permit statistical analysis].
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Table 1 Demographic and clinical characteristics of the study

population

Cancer (n = 102)

Age, yr (mean + SD) 67.1+£12.3
Sex ()
Male 59
Female 43
Incision length, cm (mean # SD) 71+28
Operative time, min (mean + SD) 266.5+113
Length of stay, d (mean + SD) 59+23
Type of resection
Right 39 (38%)
Transverse 4 (4%)
Left 8 (8%)
Sigmoid/Rectosigmoid 14/4 (18%)
LAR/AR 24/2 (25%)
APR 3 (3%)
Subtotal/total 2/2 (4%)
Surgical method
Laparoscopic-assisted 67 (66%)
Hand-assisted /hybrid laparoscopic 35 (34%)

Comparison of Pre vs postop MCP-1 plasma levels in
CRC patients

The median PreOp MCP-1 level in CRC patients was
283.1 (CIL: 256.1, 294.4) pg/mL (» = 102). When com-
pated to PreOp levels, significantly elevated mean MCP-1
plasma levels (pg/mL) wetre observed on POD 1 (446.3,
CI: 418.0, 520.1; » = 102, P < 0.001), POD 3 (342.7, CI:
320.4, 377.4; » = 100, P < 0.001), POD 7-13 (326.5, CL:
299.4, 354.1; P < 0.001), POD 14-20 (361.6, CI: 287.8,
407.9; n = 27; P < 0.001), and POD 21-27 (318.1, CI:
287.2, 371.6; » = 28; P = 0.001). Because the “#” for
the POD 3 and later time points was less than 102 and
unique for each time point, the PreOp baseline level for
each of these time points was somewhat different. This
is reflected in Figure 2, which provides in bar graph form
the mean PreOp baseline for each postoperative time
point.

The petcent increase over the PreOp baseline for each
postoperative time point is as follows: POD 1 (73.5%);
POD 3 (37.2%); POD 7-13 (24.6%); POD 14-20 (39.7%);
and POD 21-27 (25%).The percentage of CRC patients
that had plasma levels increased from the median PreOp
baseline levels of each subgroup were: POD 1 (79%);
POD 3 (81%); POD 7-13 (73.8%); POD 14-20 (89%);
and POD 21-27 (89.3%).

Correlation of post-operative plasma MCP-1 levels vs
incision length and length of surgery

There was a weak correlation between plasma MCP-1
levels on POD1 and the incision length (r =0.217, P =
0.006) as well as the length of surgery (n = 0.268, P =
0.007). There was no such correlation noted for the 4
other postoperative time points in regards to incision or
operation length. Also, there was no correlation found
between the presence of complication(s) and the degree
of the postoperative plasma MCP-1 elevation at any of
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Figure 1 Enzyme linked immuno-absorbent assay determined preopera-
tive plasma monocyte chemotactic protein-1 levels of patients in the
benign and malignant group. Monocyte chemotactic protein-1 (MCP-1) levels
are expressed as median and Cl. [PreOp Benign (n = 86) vs PreOp Cancer (n =
102), °P = 0.0004]. PreOp: Preoperative; BEN: Benign disease; CRC: Colorec-
tal cancer.
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Figure 2 Enzyme linked immuno-absorbent assay determined preopera-
tive and postoperative monocyte chemotactic protein-1 levels of colorec-
tal cancer patients. Monocyte chemotactic protein-1 (MCP-1) levels are
expressed as expressed as median and 75% quartile range [PreOp vs POD 1
(n=102), PreOp vs POD 3 (n = 100), PreOp vs POD 7-13 (n = 61), PreOp vs
POD 14 -20 (n = 27), PreOp vs POD 21-27 (n = 28), °P < 0.001]. PreOp: Preop-
erative; POD: Postoperative day.

the postoperative time points.

DISCUSSION

The median preoperative plasma level of MCP-1 was
significantly higher in the CRC patients than in the BEN
disease group. This suggests that, in some patients, the
tumor is generating MCP-1, either directly or indirectly.
Unfortunately, this study did not include tumor analysis
(microarray or RT-PCR) and thus, we can only speculate
as to the origin of the additional MCP-1. Of note, no
correlation was identified between PreOp levels and tu-
mor stage.

In regards to the comparison of PreOp and Postop
MCP-1 levels in the CRC patients, plasma levels were
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significantly elevated for the first month after MICR.
The greatest increase was observed during the first week
after surgery. MCP-1, therefore, joins the list of proteins
whose blood levels are altered after MICR. The vast
majority of surgery-related blood protein alterations
(CRP, IL-6, IL-2, FGF, HGF, angiostatin, endostatin,
ete.) are short lived and resolve within the first 3 to 5 d
after surgery. Of note, the percent change from base
line in regards to MCP-1 is amongst the highest when
compared to the previously mentioned proteins. Many
of the short duration blood compositional changes are
related to the acute phase inflammatory response to sut-
gical trauma as well as to the anesthesia. Because blood
levels were increased during the entire first month after
surgery, MCP-1 joins the small list of proteins (VEGE,
Ang-2, PIGF, and sVCAM) with long duration plasma
elevations; interestingly, all of these proteins play a role in
angiogenesis[w. MCP-1 facilitates angiogenesis through
several mechanisms, including its intimate relationship
with VEGE!"™",

Interestingly, VEGF increases MCP-1 mRNA expres-
sion in endothelial cell 7 vitro cultures™'™. Also, there is
evidence that MCP-1 modulates VEGE’s effects; MCP-1
antibody diminishes VEGF mediated tubule formation in
angiogenesis assays“g]. Collectively; the above mentioned
group of proteins play a role in the early stages of neo-
vascularization and most modulate VEGF’s effects. What
is the source of the plasma MCP-1 increases after MICR?

The authors believe that the tumor produced MCP-1
is not responsible for the postoperative increases in
plasma MCP-1 levels. Logically, the blood levels should
decrease after resection if the source of the added
MCP-1 was the tumor. The significant correlation ob-
served between POD1 MCP-1 levels and incision length
and length of surgery suggests that the MCP-1 levels on
POD 1 could be attributed, in part, to the surgical stress
and the initial inflammatory response which takes place
early after surgery. Of note, no such correlation was
found from POD 3 onward. It is the authors’ opinion
that the sustained plasma MCP-1 elevation is related to
wound healing. MCP-1, in wounds, accelerates macro-
phage trafficking into inflammatory foci and also plays
a role in angiogenesis. Angiogenesis is critical to wound
healing which is a lengthy process that lasts, at least, 6 to
8 wk. There is evidence that VEGF levels in wounds ate
very high; it is assumed that some of the wound VEGF
finds its way into the blood, raising plasma concentra-
tions!"" !, Although unproven, the authors believe it
is likely that wound levels of the other proangiogenic
proteins, including MCP-1, whose blood levels are persis-
tently increased after surgery are also notably increased.

Interestingly, as mentioned eatlier, it has been dem-
onstrated via EC cultures that plasma from the second
and third weeks after MICR stimulates EC proliferation
(specifically, branch point formation which is the culture
equivalent of microtubule formation), migration, and
invasion when compared to culture results obtained with
preoperative plasma. These EC functions are critical early
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steps in the process of neovascularization, critical to both
wound healing and solid tumor growth beyond 2 mm™.
Similar EC culture results were noted when plasma from
open CRC resection patients was similarly assessed. What
are the possible ramifications, if any, of the proangio-
genic postoperative plasma?

In the proportion of patients that harbor residual
micrometastases the proangiogenic postoperative plasma
changes may promote tumor growth. Persistently elevat-
ed levels of MCP-1 after MICR for CRC may promote
recurrence in patients who harbor tumor micro foci. The
complex process of residual tumor growth and metasta-
sis may be supported by other angiogenic proteins whose
blood levels remained elevated after MICR for CRC such
as VEGE, PLGE, sVCAM-1 ANG2 and MMP3. There
are case reports of rapid tumor growth and the develop-
ment of metastases in cancer patients who undergo ma-
jor surgerym’w. Of note, there is also experimental evi-
dence that laparotomy and bowel resection, in the murine
setting, in general, are associated with increased rates of
systemic tumor establishment and growth postoperative-
ly*?. Furthermore, human postoperative serum from
POD 1 has been shown to stimulate iz vitro growth of
human colon cancer cells when compated to culture re-
sults obtained with preoperative plasmaps]. It is also well
documented that surgery induces transient postoperative
cell-mediated immune suppression. In addition, surgery
also impairs lymphocyte and neutrophil chemotaxis,
macrophage function, and delayed type hypersensitivity
responsesmm, These changes might impact early postop-
erative tumor growth as well.

Thus, the first month after surgery may be a danger-
ous time for cancer patients. Standard adjuvant chemo-
therapy is most often started 4 to 8 wk after surgery
because of fears that earlier administration may inhibit
wound and anastomotic healing. Perhaps, the logical next
step is to search for anti-cancer drugs that could be safely
given during the first month following surgery to serve
as a bridge between “curative” resection and the start of
adjuvant chemotherapy. The ideal agent would effectively
target tumor cells that remain after surgery without inter-
fering with wound or anastomotic healing. The authors
have done one human and numerous murine studies that
have assessed the anti-cancer impact of perioperative
administration of a number of immunomodulatory and
anti-cancer agents” ",

One weakness of the present study is the limited
number of blood samples obtained beyond the first
postoperative week. The majority of these samples were
obtained during office follow up visits, which were sched-
uled at the discretion of the patient. Additionally, many
patients refused to have late samples drawn. Therefore, it
was impossible to obtain blood samples on a set postop-
erative timeline. To permit statistical analysis, late samples
were bundled into 7-d blocks and considered as single
time points. Given the limited number of postoperative
samples obtained after the first postoperative month, we
were also not able to determine when MCP-1 levels re-
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turn to baseline.

At baseline, plasma MCP-1 levels are significantly el-
evated in CRC patients. Also, for at least 1 mo after mini-
mally invasive tumor resection, plasma MCP-1 levels are
significantly elevated from the preoperative baseline. The
eatly postoperative elevations (1™ week) may be related to
the acute inflammatory response associated with surgical
trauma and anesthesia. Although unproven, it is believed
that the elevations observed during weeks 2 through 4 are
related to wound healing. MCP-1 joins the growing list
of pro-angiogenic proteins whose blood levels are per-
sistently elevated after colorectal resection (VEGE, PIGE,
sVCAM, ANG-2, MMP-3, ez.). These surgery-related
plasma compositional changes may stimulate the growth
of residual micrometastases eatly after resection. Further
investigations are needed to determine the clinical ramifi-
cations, if any, of these transient yet significant changes.
The search for and administration of anti-cancer agents
that do not inhibit wound healing may be indicated.

COMMENTS

Backgrounds

Blood levels of proangiogenic proteins are increased after minimally invasive
colorectal cancer resection. Postoperative plasma enriched in proangiogenic
proteins promotes angiogenesis in vitro. The angiogenic proteins in question
[vascular endothelial growth factor (VEGF), angiopoetin-2 (Ang-2), placental
growth factor (PIGF), soluble vascular adhesion molecule-1 (sVCAM-1) and
Matrix metalloproteinase 3 (MMP-2)] have been noted to be significantly elevat-
ed for 2-4 wk following minimally invasive colorectal resection for CRC. Mono-
cyte chemotactic protein-1 (MCP-1) has documented proangiogenic effects,
however, little is known about plasma MCP-1 levels preoperatively in CRC and
benign disease patients or in CRC patients after MICR.

Research frontiers

MCP-1, a member of the C-C chemokine family, is expressed by some cancers
and has been shown to support tumor angiogenesis and development. MCP-1
is thought to mediate angiogenesis via recruitment of proangiogenic protein
producing monocytes and macrophages and endothelial cells into wounds and
tumors. The authors evaluated preoperative and post-MICR MCP-1 levels in
CRC patients. The concern is that significantly elevated blood levels of MCP-1
perioperatively may enhance the plasma’s proangiogenic properties during the
first month after surgery which, in turn, may promote tumor angiogenesis in
residual lesions.

Innovations and breakthroughs

Previous studies have established that significant elevations in plasma levels
of VEGF, Ang-2, PIGF, sVCAM-1 and MMp-3 occur for 2-4 wk following MICR
for CRC. Additionally, prior studies have shown that postoperative plasma from
cancer patients stimulates in vitro endothelial cell (EC) proliferation, migration,
and invasion, all of which are critical steps in angiogenesis and tumor develop-
ment. This study found elevated levels of plasma MCP-1, a protein with proan-
giogenic effects, before and for 1 mo after surgery. Collectively, the sustained
elevations in blood levels of the above mentioned group of proangiogenic pro-
teins may support metastasis formation and the growth of residual tumors.
Applications

This study further supports the concept that surgery-related stress and post-
surgery wound healing related plasma compositional changes may stimulate
the growth of residual micrometastases early after resection. The search for
and administration of anti-cancer agents during the perioperative period ap-
pears warranted; agents used in this time from must not inhibit wound healing.

Terminology

It has earlier been shown that both MICR and open colorectal resection are as-
sociated with sustained (2-4 wk after surgery) plasma protein changes that col-
lectively enhance the angiogenic properties of plasma. These changes, thought
to be related to wound healing, may support tumor angiogenesis early after
surgery. This study shows that plasma levels of MCP-1, another proangiogenic
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protein, are elevated after MICR for a month. Thus, another proangiogenic pro-
tein is added to the list. Collectively, these prolonged blood elevations may sup-
port the growth of residual cancer and initiation of cancer by circulating tumor
cells.

Peer review

This study is interesting and | would like to give my suggestions to impact the
authors understanding of the tumor tissue in the elucidation of aberrant mo-
lecular aspect changes in the tumor microenvironment and surgical margins to
impact the paper.
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