? frontiers ‘ Frontiers in Oncology

@ Check for updates

OPEN ACCESS

EDITED BY

Steffen Koerdt,

Charité University Medicine Berlin,
Germany

REVIEWED BY

Oliver Ristow,

University Hospital Heidelberg, Germany
Daniel G. E. Thiem,

Johannes Gutenberg University Mainz,
Germany

*CORRESPONDENCE
Manuel Weber
manuel.weber@uk-erlangen.de

RECEIVED 05 October 2023
AccepTED 20 November 2023
PUBLISHED 07 December 2023

CITATION

Trumet L, Ries J, lvenz N, Sobl P,

Wehrhan F, Lutz R, Kesting M and Weber M
(2023) Does surgery affect systemic
immune response? a perioperative analysis
of TGF-B, IL-8 and CD45RO.

Front. Oncol. 13:1307956.

doi: 10.3389/fonc.2023.1307956

COPYRIGHT

© 2023 Trumet, Ries, lvenz, Sobl, Wehrhan,
Lutz, Kesting and Weber. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Oncology

TvPE Original Research
PUBLISHED 07 December 2023
D01 10.3389/fonc.2023.1307956

Does surgery affect systemic
immune response? a
perioperative analysis of TGF-[3,
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Background: The options of (neo-)adjuvant immunotherapy in addition to
surgery in the treatment of oral squamous cell carcinoma (OSCC) are steadily
increasing, but patients do not always respond to therapy as intended. The
objectives of this study were to investigate the systemic perioperative course of
the biomarkers CD45RO, TGF-, and IL-8 in non-tumor-related minor and
tumor-related major maxillofacial surgery and to perform association analyses
with demographic and histomorphologic parameters. A deeper understanding of
surgery-related changes in various of different immune biomarkers could help to
better understand the immunologic consequences of surgery which could
influence immunotherapeutic protocols.

Methods: Peripheral whole blood from 38 patients was analyzed by real-time
quantitative polymerase chain reaction (RT-gPCR) at five different timepoints
before and after maxillofacial surgery to detect changes in mRNA expression of
the biomarkers TGF-B, IL-8 and CD45RO. All patients underwent general
anesthesia to undergo either resection and free flap reconstruction for OSCC
or minor makxillofacial surgery (controls). Statistical analysis was done using
Mann-Whitney-U test, Wilcoxon test, and Spearman’s correlation.

Results: Compared to the preoperative expression, there was a significant
postoperative downregulation of CD45RO, TGF-B and IL-8 until the 4th
postoperative day (p < 0.003) in OSCC patients. For TGF-$ and IL-8, the
reduction in expression was significant (p < 0.004) compared to controls. By
postoperative day 10, all analyzed parameters converged to baseline levels. Only
CDA45RO still showed a significant downregulation (p=0.024). Spearman analysis
revealed a significant correlation between increased duration of surgery and
perioperative reduction in peripheral blood expression of CD45RO, TGF-f and
IL-8 (p < 0.004). Perioperative changes in TGF-B and PD-L1 expression were
shown to be not correlated. Preoperative TGF-B expression was significantly
lower in patients with lymph node metastases (p=0.014).
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Conclusion: With regard to the analyzed parameters, major oncologic head-
and-neck surgery does not seem to have long-lasting systemic immunologic
effects. Reduced CD45RO might be an expression of transient systemic
immunosuppression in response to major surgery. The association of duration
of surgery with expression changes of immunologic markers supports efforts to
keep the duration of surgery as short as possible. As perioperative TGF-3 and PD-
L1 expression changes are not associated, these results support further
investigation of a combined perioperative anti-PD-1 and anti-TGF-
B immunotherapy.

KEYWORDS

perioperative systemic changes of signaling pathways immune tolerance, OSCC,

HNSCC, surgery, interleukins, oral surgery, cytokines

Introduction

Oral squamous cell carcinoma (OSCC) is the most common
type of head-and-neck squamous cell carcinoma (HNSCC) (1). The
current treatment protocol includes surgery, radiotherapy,
chemotherapy, and combined therapies (1). However, despite
multimodal therapy, the survival rate of OSCC is low (1).

Immune checkpoint inhibitors (ICIs) have expanded the
therapeutic options for OSCC (2, 3). Despite the increasing use of
ICIs, approximately 80% of patients with advanced OSCC do not
respond to anti-PD1 treatment monotherapy (4-6). Therefore, it is
of particular interest to identify possible reasons for non-response
(4-6).

The relevance of combination immunotherapy is demonstrated
by studies investigating dual targeting of anti-PD-L1 and TGE-f,
which could potentially lead to better anti-tumor responses (7).
Interestingly, increased activity of the TGF-f pathway has been
found in non-responders to anti-PD-(L)1 treatment (7). In a
preclinical study, there was evidence of restored sensitivity to
anti-PD-L1 therapy by inhibiting of TGF-f (7).

Another approach to improve response rates is to delay the
timing of ICI-therapy prior to tumor surgery (5). To optimize this
approach, the impact of surgical trauma on systemic immunologic
parameters that may influence ICI-therapy needs to be better
understood. Therefore, the analysis of perioperative expression
changes immune parameters interacting with ICI therapy is of
potential relevance. The influence of surgical trauma on PD-LI,
FOXP3, IL-6, and IL-10 has already been shown in a perioperative
time course (8). Patients who underwent OSCC surgery were found
to have higher expression of PD-L1 and IL-10 and lower expression
of FOXP3 and IL-6 for a few days after surgery (8). Longer duration
of surgery correlated with an increase in the expression of PD-L1
and IL-10, whereas the expression of FOXP3 and IL-6 decreased
with increasing duration of surgery, indicating that the duration of
surgery should be as short as reasonably possible (8).

Macrophages activation plays a key role in the pathogenesis of
several diseases (9). The polarization of macrophages into M1 (pro-
inflammatory) and M2 (anti-inflammatory) is influenced by
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interferon (IFN)-y or lipopolysaccharides (M1) or by Th2
cytokines such as IL-10 (M2) (9). M2 macrophages contribute to
wound healing and tissue repair, but are also tumor promoting (9).
M2 shifting is associated with IL-8 production, and high IL-8
expression is associated with downregulated antigen presentation
(10, 11).

Under physiological conditions, IL-8 is produced by epithelial
cells, monocytes and endothelial cells and its receptors are CXCR1
or CXCR2 (4). Pro-inflammatory IL-8 is a potential indicator of
poor outcome in patients with advanced melanoma treated with
immune checkpoint inhibitors and it is associated with higher
tumor grading and staging (4, 11, 12). IL-8 is considered a
potential biomarker for OSCC, as salivary expression of this
cytokine is higher in OSCC compared to healthy controls (13).

Currently, therapeutics that inhibit IL-8 or IL-8R (CXCR2) are in
late preclinical or clinical development (12). Safety and efficacy studies
of combined anti-IL-8 and nivolumab therapy are ongoing (12).
Combined anti-CXCR2 and anti-PD1 therapy is expected to be a
more effective therapeutic option compared to ICI therapy alone (11).

Neutrophils polarize towards N1 (pro-inflammatory) or N2
(anti-inflammatory) depending on the (tumor) environment and
surrounding stimuli. Especially at high concentrations of TGF-f3
and IL-8, this shift is towards N2 (4). In cancer patients, systemic
TGF-P levels are often elevated compared to healthy controls, and
high levels of TGF-f are associated with poor prognosis, metastasis,
and more aggressive disease in several malignancies (7).

CD45 is a leukocyte antigen that has several cell type and
activation/differentiation dependent isoforms (14). The CD45RO
isoform is a marker for human memory T cells and is often
increased in solid tumors (14). A high density of CD45RO+ T
cells in OSCC and colorectal cancer patients is associated with a
good clinical outcome. Therefore, an analysis of perioperative
expression changes in peripheral blood - which is currently
lacking - may be beneficial for therapeutic targeting (2, 15).

The aim of this prospective study was to analyze the mRNA
expression of IL-8, TGF-f and CD45RO at different time points in
the peripheral blood of patients undergoing complex OSCC tumor

resection and reconstruction surgery compared to minor oral
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surgery procedures. In addition, a correlation analysis was
performed between the expression of the aforementioned
biomarkers and duration of surgery. Finally, a correlation analysis
of TGF-beta expression- changes with previously published PD-L1
and FOXP3 expression changes was performed.

Materials and methods
Patients cohort

For this prospective study, a patient population consisting of
oral squamous cell carcinoma (OSCC) patients undergoing
receiving selective supraomohyoid neck dissection (ND) with
microvascular flap reconstruction and patients undergoing minor
oral surgery procedures under general anesthesia (controls) was
evaluated. All participants were evaluated and treated at the
Department of Oral- and Cranio-Maxillofacial Surgery,
Universitatsklinikum Erlangen-Nirnberg, Friedrich-Alexander-
Universitdt Erlangen-Niirnberg (FAU). Enrollment in this study,
from 2019 to 2021, was performed with the full consent of the
patients and controls and with the approval of the local ethics
committee (application number 415_20 B).

Sampling of peripheral blood

The sampling and analysis procedure was performed as
previously described in greater detail (8). Whole peripheral
venous blood samples were collected the first surgical incision
(pre), after the last surgical suture (post), on postoperative day
two (2d post), and on postoperative day four (4d post). The 2.5 ml
of whole peripheral venous blood per sample was collected in a
PAXgene® Blood miRNA Tube (PreAnalytiX GmbH,
Hombrechtikon, Switzerland) and inverted 8-10 times, incubated
at room temperature for 2 hours, and frozen at -20°C for 24 hours

TABLE 1 Primer for RT-gPCR analysis.

10.3389/fonc.2023.1307956

before further processing. This processing was performed at the
biological laboratory of the Department of Oral- and Cranio-
Maxillofacial Surgery, Universititsklinikum Erlangen-Nirnberg,
Friedrich-Alexander-Universitit Erlangen-Niirnberg (FAU).

Analysis of IL-8, CD450_RO and TFG-3
expression by quantitative-real-time-
reverse-transcriptase-polymerase-
chain-reaction

The RNA concentration was determined using a NanoDrop
1000 spectrophotometer (Thermo Fisher Scientific Company,
Waltham, Massachusetts, USA) at wavelength of 260 nm.
Transcription of RNA into ¢cDNA was performed using the
transcriptor high-capacity kit (Applied Biosystems, Waltham,
USA) according to the manufacturer’s specifications.

All samples were centrifuged prior to RT-qPCR in the
QuantStudio 6 Pro Real-Time PCR System (Applied Biosystems,
Waltham, USA). Primer for IL-8, CD450RO and TFG-P3 and Power
SYBR™ Green PCR Master Mix (Thermo Fisher Scientific,
Waltham, USA) were used for specific analysis of the biomarkers.
The detailed specifications of the primer are shown in Table 1.
GAPDH was used as a housekeeping control gene to normalize the
CT values (Table 1).

Statistical analysis

We used SPSS 23 statistical software package (SPSS Inc.,
Chicago, Illinois, USA) for statistical analysis. We analyzed the
ACt data from RT-qPCR and calculated the fold change (FC) based
on it. After the exploratory data analysis, the Mann-Whitney U test
was used to determine significant differences in expression level
between the two groups. The Wilcoxon test was used to examine
statistical differences in the postoperative course of marker

Real-time qPCR

Primer Sequence (5’ to 3’)

[bpl

Primer length Amplicon length

Accession
Number

Annealing temperature

[bp] [°C]

CD45RO/s  TGC CTA CCT TAA TGC CTC TGA A 20 103 60 NM_002838.5/

NM_080921.3
CD45RO/  ATC ACA TGT TGG CTT AGA ) 103 “ NM._002838.5/
as TGG AGT NM_080921.3
IL-8/s CTC TTG GCA GCC TTC CTG AT 20 115 60 NM_ 0013548403
IL-8/as TGG GGT GGA AAG GTT TGG AG 20 60 NM_000584.4
TGF- Bs CAG TGG TTG AGC CGT GGA G 19 60

NM_000660.7
TGE-Blas  AGT GAA CCC GTT GAT GTC CA 20 105 60
GAPDH/s  GAC CCC TTC ATT GAC CTC AACTA | 23 122 60

NM_002046.5
GAPDH/as | GAA TTT GCC ATG GGT GGA AT 20 122 60

The table shows the primers that were selected for RT-qPCR mRNA expression analysis of CD45RO, TGF-B and IL-8. Sequence, Primer length, amplicon length, annealing temperature,

accession number are also given for each primer. GAPDH served as internal control.
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expression at different time points. The AACt ((AACt = ACt(post) -
ACt(pre))) method was used to evaluate expression changes in
response to the duration of surgery. Spearman’s correlation test was
used for correlation analysis.

For between-group analysis, we evaluated the expression
differences between each biomarker at different time points. In
addition, associations of marker expression with demographic and
histomorphologic parameters (T-status, N-status, grading) were
tested. Furthermore, we tested correlations with previously
published PD-L1 and FOXP3 expression (8) and surgery duration
using the Spearman’s correlation test.

A p-value <0.05 was considered statistically significant and a p-
value <0.001 was considered highly significant. A p-value
(Spearman’s correlation coefficient) <0.5 was considered strongly
correlated, a p-value <0.3 was considered moderately correlated,
and a p-value <0.1 was considered weakly correlated.

Results

The ACty,. value was determined by RT-qPCR and used as a
baseline value to define the extent of changes in the expression levels
(FC) and their significance (p-value) at four different time points.
Increased ACt values represent decreased mRNA expression.
Standard deviation (SD) and p-value (Spearman’s correlation
coefficient) are shown.

Patients cohort
The detailed information about the patient population can be
found in Table 2. Peripheral whole blood samples were collected

from patients aged between 30 and 80 years of age. In the OSCC

TABLE 2 Demographic of OSCC and controls.

10.3389/fonc.2023.1307956

group (n=25), 5 were female and 20 males with an overall mean age
of 62 (£ 9.53) years old. According to TNM classification, 11
patients had T1/T2, and 14 patients had T3/T4 tumors. 12 out of
25 patients had no lymph node metastasis (NO) and 13 patients had
lymph node metastasis (N+).

Of the 13 patients in the control group, 46% (n=6) were female
and 54% (n=7) were male with ana mean age of 54(+ 19.30) years.
The reasons for general anesthesia and surgery in the controls were
minor procedures such as dentialveolar surgery, removal of
osteosynthesis material, or similar indications. All patients in the
control group were healthy regarding malignant diseases.

CD45R0O

In the OSCC-group, the progression of CD45RO initially
showed a significant decrease in expression immediately after
surgery (median ACtp,y =0.16, p<0.001), also on day 2 after
surgery (median ACt;gpes<0.01, p<0.001) and 4th postoperative
day (median ACtygp0s=0.15, p=0.002), followed by an increasing
expression approaching baseline 10 days after the surgery
(medianACt;p0s=0.007, p=0.024) (Table 3 and Figure 1A).

Comparing both groups, there were no significant expression
changes in CD45RO expression during the postoperative course
(Figure 2A). The median ACty,. value was -0.23 in OSCC and -0.04
in controls (p=0.28, FC=1.08) (Table 3 and Figure 2A). The highest
fold-change (1.15) between OSCC and controls was reached
preoperatively (p=0.28) (Table 3).

In both groups, the duration of surgery was correlated with the
AACt-value ((AACt = ACt(post) - ACt(pre))) of CD45RO (n=33)
(Figure 3A). There was a highly significant correlation of increasing
duration of surgery with decreasing expression of CD45RO
(p=0.004, p=0.492) (Figure 3A).

Controls

% of cases % of cases

Number of cases 38 25 65.79 13 34.21
Male 20 52.63 7 18.42
Gender
Female 5 13.16 6 15.79
Mean age + SD 62.16 + 9.53 54.00 + 19.30
Range of age 41-80 30-80

T1 6
T2

T-Status >
T3 6
T4 8
No 12

-Stat

N-Status N+ 13
Gl 0

Grading G2 14
G3 11

Demographic characteristics of the patient cohort consisting of Controls and OSCC patients.

% of OSCC cases

24
20
24
32

48
52

0
56
44

For both OSCC and the Control group, the number of cases, sex, and age of all patients are given. For the OSCC group, the parameters for T-status, N-status and grading are additionally shown.
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TABLE 3 Parameters of perioperative time courses of CD45R0O in OSCC vs. controls.

CD45R0 in OSCC vs. Controls pre post 2d post 4d post
CD45R0O in OSCC

sample size (n) 24 24 25 25
median ACt-value -0.23 0.16 <0.01 0.15
average -0.23 0.15 0.23 0.24
( + standard derivation) (+£0.37) (+042) (+0.56) (+£0.62)

CD45RO0 in Controls

sample size (n) 13 13 6 4
median ACt-value -0.04 -0.13 -0.02 0.12
average -0.12 -0.10 -0.12 0.11

( + standard derivation) (+0.36) (+0.38) (+0.34) (+0.08)
fold-change 1.08 0.84 0.79 0.91
p-value 0.28 0.11 0.31 0.88

The table shows the analyzed sample size (n), average ( + SD), median ACt value, fold-change (FC) and p-value to “pre” of CD45RO-expression. CD45RO peripheral blood mRNA expression was
analyzed in OSCC and Controls. Those data are demonstrated for 4 different time points (pre, post, 2d post, 4d post). FC was determined using the AACt method, which compared the average
ACt values of the different time points, starting from the preoperative ACt value.

The significant p-values are written in bold letters.

OSCC: Primary tumor resection, microvascular free flap reconstruction and selective neck dissection due to oral squamous cell carcinoma.

Controls: Minor maxillofacial surgeries.

TGF-B approaching baseline at 10 days after surgery (ACt;qpos=0.86;
p=0.073) (Table 4 and Figure 1B).
In OSCC, the course of TGF-B initially showed a significant When comparing OSCC and controls, there were highly

decrease in expression immediately after surgery (ACt,os=1.26,  significant expression changes during the postoperative course
p<0.001), peaking at 2 daysafter surgery (ACtyqpos=1.3, p<0.001),  (Figure 2B). The median ACt,,. value was 0.39 in OSCC and 0.36
followed by an increasing expression (ACtsgp05=0.86, p=0.003),  in controls (p=0.44, FC=1.15) (Table 4 and Figure 2B). Immediately

A p=0.002 B
15 3 p=0.003
L a—

g 10 § B
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g 0,0 &g

5 L
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g 10 3

5 p=0.02 o g

<5 -1

pre post 2dpost 4dpost 10d post pre post 2dpost 4dpost 10d post
(n=24)  (n=24) (n=25) (n=25) (n=20) (n=25) (n=25) (n=25) (n=25)  (n=20)
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o 10 p<0.001 ©

§ 8 o i % . ] pre 4d post

c

o 6
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FIGURE 1
Perioperative expression courses for OSCC-patients for all markers investigated via RT-qPCR. (A) Perioperative CD45RO mRNA expression.
(B) Perioperative TGF- mRNA expression. (C) Perioperative IL-8 mRNA expression. Boxplots showing the median mRNA expression rates of
CD45RO (A), TGF-B (B) and IL-8 (C) in peripheral whole blood samples at five different timepoints (tp) of patients undergoing OSCC tumor
resection. The tp were pre-, post-, 2d post-, 4d post- and 10d post-tumor-resection. The different tp are marked in five different colors, described
on the right lower part of the figure. Analysis was done using the Wilcoxon-test. n: number of cases. ACt value is scaled on the y-axis. p: significant
p-values are given.
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B Comparison of TGF-B expression
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Comparison of marker expression on three perioperative time points (pre, post and 2d post) between OSCC and controls. (A) Perioperative CD45RO
MRNA expression. (B) Perioperative TGF- mRNA expression. (C) Perioperative IL-8 mRNA expression. Boxplots showing the median mRNA
expression rates of CD45RO (A), TGF-B (B) and IL-8 (C) in peripheral whole blood samples at 3 different timepoints (tp) of OSCC-patients versus
Controls. The tp were pre-, post- and 2d post-surgery. The different tp are marked in three different colors, described on the right lower part of the
figure. Mann-Whitney-U test. n: number of cases. ACt value is scaled on the y-axis. p: significant p-values are given.

after surgery, the ACt,q-value increased to 1.26 in OSCC and
decreased to 0.22 in controls, resulting in high expression difference
(p<0.001, FC=1.82) (Table 4 and Figure 2B). On postoperative day 2,
the median ACtygp0q increased to 1.30 in the OSCC group and
further decreased to 0.17 in the controls (p<0.001, FC=2.14). In the
later postoperative course on day 4, TGF-J3 expression increased in
the OSCC group increased with a ACtygpest of 0.86 in OSCC and

ACtygpost 0f 0.36 in controls (p=0.004, FC=1.43) (Table 4
and Figure 2B).

In both groups, the duration of surgery was correlated with the
AACt-value ((AACt = ACt(post) - ACt(pre))) of TGF-f (n=35)
(Figure 3B). There was a highly significant correlation of increasing
duration of surgery with decreasing expression of TGF-f (p<0.001,
p=0.604) (Figure 3B).

A oo o n=33
— e p=0.004
= -
£ 800 y p=0.492
2 ° ® o0
& o0 ° °
E ° % ° ° ° e
S 40 ° o o
2
° M °°G
0 4 e
-50 00 50 1,00 1,50
AACt-value CD45RO
C 100 ° n=35
- p=0.004
£ =
E p=0.478
2
o
2
5
"
k]
c
o
g
H
a
4,00

AACt-value IL-8

FIGURE 3

1000 n=35
p <0.001
p=0.604

©
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8

»
8

200

Duration of surgery (min)

°
° .‘ ° e°
150 1,00 -50 00 50 1,00 1,50
AACt-value TGF-8

@ oscc
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Correlation between duration of surgery [min] and AACt value (AACt = ACt(post) — ACt(pre)). (A) CD45RO: p = 0.492; p=0.004. (B) TGF-B: p =0.604;
p<0.001. (C) IL-8: p= 0.478; p=0.004. The figures show the correlation between marker expression of CD45RO (A), TGF-B (B) and IL-8 (C) and
duration of surgery. Both OSCC and Controls are included in the present correlation. The different groups are shown and explained by the two
different colors (red and green). The measure of linear correlation was made doing the Spearman correlation test. The duration of surgery was
measured in minutes (min) and the expression was measured using the AACt value, which was calculated by subtracting the ACtgos from ACtg -

value. p: Spearmans-correlation coefficient. AACt value (AACt = ACt(post)
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TABLE 4 Parameters of perioperative time courses of TGF- B in OSCC vs. controls.

TGF-f in OSCC vs. Controls pre post 2d post 4d post
TGF-B in OSCC

sample size (n) 25 25 25 25
median ACt-value 0.39 1.26 1.30 0.86
average 0.51 1.09 1.27 0.88

( + standard derivation) (+0.46) (+£0.52) (+0.45) (£ 0.50)
TGF-B in Controls

sample size (n) 13 13 6 4
median ACt-value 0.36 0.22 0.25 0.36
average 0.31 0.23 0.17 0.37

( + standard derivation) (+0.27) (+0.10) (+0.28) (+0.25)
fold-change 1.15 1.82 2.14 1.43
p-value 0.44 <0.001 <0.001 0.04

The table shows the analyzed sample size (n), average ( + SD), median ACt value, fold-change (FC) and p-value to “pre” of TGF- B-expression. TGF-  peripheral blood mRNA expression was
analyzed in OSCC and Controls. Those data are demonstrated for 4 different time points (pre, post, 2d post, 4d post). FC was determined using the AACt method, which compared the average

ACt values of the different time points, starting from the preoperative ACt value.
The significant p-values are written in bold letters.

OSCC: Primary tumor resection, microvascular free flap reconstruction and selective neck dissection due to oral squamous cell carcinoma.

Controls: Minor maxillofacial surgeries.

In oral cancer patients, the course of IL-8 initially showed highly
significant decrease in expression on day 2 postoperatively
(ACtz4post=6.97, p<0.001) compared to preoperatively
(ACtyr=4.41), followed by an increasing expression on day 4
postoperatively (ACt,qpos=6.36, p<0.001) approximating baseline
10 days after surgery (ACt;gqposi=4.82, p=0.411) (Table 5
and Figure 1C).

Comparing IL-8 expression in controls and OSCC, there were
significant differences in median ACt-values postoperatively
(p<0.001, FC=2.64) and on day 2 postoperatively (p=0.004,
FC=3.29) with higher IL-8 expression in controls (Table 5 and
Figure 2C). On day 4, the median ACt value of IL-8 was not
significantly different between groups (p=0.059, FC=2.33) (Table 5).

In both groups, the duration of surgery was correlated with the
AACt-value ((AACt = ACt(post) - ACt(pre))) of IL-8 (Figure 3C).
There was a highly significant correlation of increasing duration of

TABLE 5 Parameters of perioperative time courses of IL-8 in OSCC vs. controls.

IL-8 in OSCC vs. Controls pre post 2d post 4d post
IL-8 in OSCC

sample size (n) 25 25 25 24
median ACt-value 441 4.93 6.97 6.37
average 4.76 5.06 7.25 6.56

( + standard derivation) (£ 1.05) (£ 1.06) (£ 1.40) (+£1.32)
IL-8 in Controls

sample size (n) 13 13 6 4
median ACt-value 4.26 3.71 5.73 5.39
average 4.16 3.66 5.53 5.34

( + standard derivation) (+0.92) (+1.10) (+0.42) (+0.84)
fold-change 1.52 2.64 3.29 233
p-value 0.20 <0.001 0.004 0.059

The table shows the analyzed sample size (n), average (+ SD), median ACt value, fold-change (FC) and p-value to “pre” of IL-8-expression. IL-8 peripheral blood mRNA expression was analyzed
in OSCC and Controls. Those data are demonstrated for 4 different time points (pre, post, 2d post, 4d post). FC was determined using the AACt method, which compared the average ACt values

of the different time points, starting from the preoperative AC value.
The significant p-values are written in bold letters.

OSCC: Primary tumor resection, microvascular free flap reconstruction and selective neck dissection due to oral squamous cell carcinoma.

Controls: Minor maxillofacial surgeries.
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surgery with decreasing expression of TGF-f (p=0.004,
p=0.478) (Figure 3C).

TGF-B correlation with PD-L1 and FOXP3

Correlation analysis of 33 samples between TGF- and
previously published PD-L1 AACt-values (8) showed a Spearman
correlation coefficient of 0.001 and a p-value of 0.995 indicating no
correlation (Figure 4). The AACt values are determined calculating
ACtyost = ACtyre. Controls and OSCC show individual clustering,
indicating two separate groups.

In summary, the expression changes of TGF-p are greater
compared to PD-L1. The median AACt value of PD-L1 was
higher and the median AACt value of TGF-B was lower when
comparing controls with OSCC (Figure 4).

Analysis of expression changes correlating TGF-f3 and FOXP3
was also performed. Analyzing 33 patients, a Spearman-correlation
coefficient of 0.751 and p-value of <0.001 indicated a strong and
highly significant positive correlation between TGF-B and
FOXP3 expression.

Demographic and
histomorphologic parameters

We analyzed the ACt values of all biomarkers pre- and
postoperatively between male (n=27) and female (n=11) patients.
Only the ACtp,, value of IL-8 and TGF-B reached statistical
significance between the sexes, in both cases the biomarker
expression was higher in women (ppostii-s = 0.009, ACtyogiy-s-
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female=12.18, ACt,ost1L-8-male=22.58; Pposirar-p =0.049, ACtostTGE-p-
female=13.91, ACt,o5TGF-p-male=21.78). To further characterize the
cohort, we also examined the male and female distribution in OSCC
(n=25) and Controls (n=13) separately, and only ACtpoq1.-s_oscc in
OSCC showed significance of p=0.006 with again lower ACt value of
females (ACtpostir.-g-femate_0scc=05.20, ACtposir-g-mate_oscc=14.95).
There was no significant difference in controls.

In OSCC, we also examined T-status, N-status, and grading of
all patients to evaluate whether there were differences in expression
between subgroups. Specifications for the subgroups can are shown
in Table 5. There was no significant difference in the expression of
CD45RO and IL-8 with respect to T status, N status and grading.
TGF-} expression showed no association with T-status and tumor
grading. However, there was a significant expression difference
regarding the ACt,,. value of TGF-B in NO (n=13) and N+
(n=12) (ACtyp = 0.35, ACty,=0.69; p=0.014) (Figure 5).

Discussion

In the current study, we demonstrated that major maxillofacial
oncologic surgery including OSCC tumor resection, neck dissection
and microvascular reconstruction is associated with a significant
postoperative decrease in systemic expression of the cytokines TGF-
B and IL-8, as well as the memory cell marker CD45RO. These
changes were evident immediately postoperatively until 4 days
postoperatively, with no significant difference from the
preoperative values at 10 days postoperatively, except for
CD45RO. This suggests that the systemic changes we observed in
response to major oncologic head and neck surgery are transient.
Comparing the OSCC group with controls who received minor

@ oscc
@ Controls
—-0SCC
—-— Controls

n=33
p=0.995
p=0.001

-5

0

5 1,0 1,5

AACt-value PD-L1

FIGURE 4

Correlation of OSCC and Controls between TGF-B [AACt] and PD-L1 [AACt]. This schematic shows the correlation between TGF-3 and PD-L1. Both
OSCC (red) and Controls (green) are included in this analysis, separated by the two different colors. The measurement of linear correlation was made
doing the Spearman correlation test. The centroid illustration leads to the median AACt value. The expression of TGF-B and PD-L1 was measured
using the AACt values, which was calculated by subtracting the ACty.s from ACtye-values. The median AACt value was indicated by the lines
connected to centroid for each group. p: Spearmans-correlation coefficient. AACt value (AACt = ACt(post) — ACt(pre)). n: number of cases.

p: p-value is given.
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N+

TGF-B expression pre-op in NO and N+. This boxplot shows the TGF-3 expression preoperatively of OSCC 25 cases divided into NO (n=13) and N+
(n=12). NO means no lymph node metastases are present, and N+ means lymph node metastases are present. Both NO (light blue) and N+ (dark
blue) are included in this analysis, separated by the two different colors. The significant p-value is given in the boxplots. Mann-Whitney-U test was
used for analysis. ACt value is scaled on the y-axis. p: significant p-value is given.

surgery, there was a significantly reduced expression of TGF-f3 and
IL-8, but not of CD45RO.

In patients with gastric cancer, reduced serum protein
expression levels of TGF-§ were associated with more aggressive
disease and shorter survival (16). This finding seems
counterintuitive at first because TGF-} is an immunosuppressive,
anti-inflammatory cytokine that is associated with tumor-
promoting cells such as Treg cells (17, 18). In the current study,
in addition to reduced TGF-f expression in response to OSCC
surgery, we could also find an association between lower
preoperative TGF-B mRNA expression levels and lymph node
metastases. This suggests a possible association of lower systemic
TGF-B mRNA expression with a more aggressive disease. A study in
OSCC cell culture showed a direct growth inhibitiory effect of TGF-
B on OSCC tumor cells (19). This suggests that the role of TGF-f in
OSCC on tumor cells and on immune cells and their bidirectional
connection may be relatively complicated and needs further
research, especially in the context of potential dual PD-1 and
TGF-P inhibition in the future.

As we have previously shown a decrease in FOXP3 expression
in OSCC patients in response to surgical therapy (8), and there was
also a strong significant positive correlation between decreased
TGEF-B and FOXP3 expression, these findings support a potential
decreased peripheral Treg response in the postoperative period after
OSCC surgery, which would be associated with decreased FOXP3
and TGF-f3 levels.

ELISA analyses showed that there was no significant difference
in peripheral blood TGF-B expression in thyroid cancer patients
compared to healthy controls (20). A similar result was found in
OSCC patients, in whom also no significant difference in TGF-3
protein expression could be detected compared to healthy controls
before therapy (21). These data are consistent with the similar levels
of TGF-J expression at the mRNA level we found in OSCC patients
compared to controls before surgery.

Frontiers in Oncology

In breast cancer patients, surgical tumor resection was
associated with a decrease in peripheral blood TGF-B protein
expression in the peripheral blood (22). Lack of TGF-f decrease
was associated with residual tumor or lymph node metastasis (22).
In renal cancer, ELISA analysis revealed a significant decrease in
peripheral blood TGF-f levels until the third postoperative day.
Thereafter, an increase in TGF-P levels was observed until day 5,
which did not reach the preoperative levels (23). These results are
analogous to the data of the present study. However, it should be
considered that ELISA measurements in the peripheral blood can
also detect tumor- derived TGF-3, whereas the m-RNA analyses of
the current study can selectively detect the cytokine expression of
blood cells and thus represent the response of the peripheral
immune system.

Furthermore, we could show that the perioperative expression
changes (ACt(post) — ACt(pre)) of TGF-3 are not correlated with
expression changes of PD-L1. This suggests that systemic
expression changes in response to surgery of both parameters are
differentially regulated. This supports concepts of combined
blockade of TGF-B and PD1/PD-L1 for perioperative
immunotherapy. The weak correlation between PD-L1 and TGF-
B expression changes supports findings of non-redundant activities
of tumor-evasive mechanisms associated with PD-L1 and TGF-
B

In the current study, the expression of IL-8 before surgery was
not significantly different between OSCC and tumor-free patients.
In the OSCC group, the mean expression of IL-8 was significantly
decreased for a period of 4 days after surgery, and in addition, a
significant difference in expression between controls and OSCC was
examined after surgery.

When comparing the preoperative peripheral blood IL-8
expression of early-stage breast cancer patients with controls, no
significant difference was found. In addition, there was no difference
in preoperative expression levels at 10 days postoperatively (24).
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This is analogous to the results of the current study where we found
similar IL-8 mRNA levels on day 0 and day 10 with a decrease in IL-
8 expression only in the early postoperative period.

An ELISA analysis of IL-8 in the peripheral blood did not show
significant differences between OSCC patients and healthy controls
(25). In addition, there was no association between
clinicopathologic parameters and IL-8 expression (25). Patients
who underwent esophageal resection for carcinoma showed a
decrease in peripheral blood IL-8 expression by ELISA analysis
on days 1, 5 and 7 after surgery compared to the pre-operative value
(26). These data are consistent with the results of the current
analysis at the mRNA level.

Studies have shown that elevated serum IL-8 expression levels
in patients prior to ICI therapy are associated with a less favorable
prognosis for ICI efficacy (12). Elevated pre-ICI serum IL-8 levels in
patients with melanoma, non-small cell lung cancer, small cell lung
cancer and renal cell carcinoma patients are associated with adverse
clinical outcomes (12). Furthermore, it has been shown that there is
only a weak correlation between immunohistochemically
determined PD-L1 expression in tumor samples and baseline
serum IL-8 levels in different types of malignancies (12). In a
clinical trial of HNSCC patients treated with neoadjuvant anti-
PD1 therapy, it was shown that HPV-positive patients who did not
respond to ICI therapy had elevated blood levels of IL-8. IL-8 levels
decreased in response to ICI therapy, but remained elevated in the
non-responder group compared to the ICI responders (27).

Higher serum IL-8 levels in several malignancies prior to ICI
therapy with PD-1 or CTLA-4 inhibitors correlate with poorer
survival, and this finding was even stronger with single-agent versus
combined ICI therapy (4). In addition, data from a pilot study
suggest that an increase in serum IL-8 concentration during ICI
therapy is an indicator of resistance to this treatment (4). The
increased expression of TGF-f and IL-8 in women immediately
after surgery-op compared to men suggests that women and men
may respond differently to surgical trauma. Due to the small
number of cases in the female group, this finding should be
further investigated in a larger cohort.

The expression of CD45RO in OSCC changed significantly
within 10 days after surgery, reaching a significant decrease in
expression at 2 days, 4 days, and 10 days after surgery. However,
there was no significant difference in expression compared with the
control group that underwent minor surgery. This suggests that the
expression changes in CD45RO tend to be less profound than those
in TGF-P and IL-8.

In solid tumors, CD45RO positive T-cells are often increased
(2). One research group suggested that the very presence of these
CD45RO+ T-cells may trigger an immune response to prevent
recurrence and metastasis after primary tumor resection (2).

Higher levels of CD45RO+ tumor-infiltrating lymphocytes
(TILs) have been shown to be associated with improved overall
survival in several cancer types (28). A histologic analysis of CD3,
CD4, CD8, and CD45RO in TILs in primary laryngeal squamous
cell carcinoma was published in a recent study (28). The most
frequent TILs in both the invasive front and the tumor center were
CD45RO+, while the least frequent population were CD8+ cells
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(28). Another study showed that increased intratumoral infiltration
of CD45RO cells in HNSCC was associated with prolonged overall-
and disease-free survival (29). However, a subgroup analysis of
cases with high grading and positive lymph nodes showed an
association of high CD45RO with decreased survival (29). These
data suggest a complex role of CD45RO in HNSCC.

In breast cancer, an increased infiltration of CD45RO+ cells was
shown to be associated with improved survival (30). In colorectal
cancer, an increased CD45RO expression in the peripheral blood, as
determined by flow cytometry, was associated with smaller tumors,
fewer lymph node metastases, and increased overall- and disease-
free survival (31). These data suggest that high intratumoral and
peripheral CD45RO expression may be beneficial in solid
malignancies. Few studies have investigated the role of CD45RO+
T-cells in OSCC (2). The reduction of CD45RO expression in the
peripheral blood in response to OSCC surgery demonstrated in the
current study suggests a at least transient systemic
immunosuppression in a surgically treated patient population.

There was a significant correlation between the decrease in
expression (ACt(post) - ACt(pre)) of CD45RO, TGF-f3 and IL-8
and the duration of surgery. This finding suggests that the duration
of surgery is the critical factor influencing the systemic change in
immunologic parameters. These results support efforts to keep the
operative time as short as possible in oncologic headandneck
surgery (8).

Consistent with our previously published results (8), the data of
the current study show that systemic immunologic alterations
induced by ablative and microvascular reconstructive OSCC
surgery are transient in nature and disappear by 10 days
after surgery.

The only perioperative biomarker that still showed a significant
difference in expression 10 days after surgery compared to the
preoperative value was CD45RO. Based on the approximation to of
the expression level to the preoperative value, we assume that the
observed decrease in CD45RO expression is a temporary effect, and
that the preoperative expression level could be reached in the further
time course after 10 days. Thus, to our knowledge, there is no
evidence for any long-lasting systemic immunologic alterations
with surgical OSCC therapy. These findings are relevant because
the combination of surgery and immunotherapy is considered to be a
promising approach with the potential to increase OSCC cure rates
and improve overall therapeutic outcomes.

Limitations of the study

This prospective study has some minor limitations. On the one
hand, the effect of general anesthesia cannot be studied, and
therefore the impact of anesthesia in this regard is unknown. On
the other hand, all patients underwent general anesthesia, allowing
comparison of the patient cohort.

In addition, the investigation of invasiveness of surgery, the
effect of pharmaceuticals and blood transfusions cannot be studied
separately. These parameters could also influence systemic immune
parameters in addition to the trauma caused by the surgery itself.
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However, this situation reflects the clinical routine and thus also
the surgical situation as best as possible, since all these parameters
can’t be considered in isolation in a clinical cohort.

Another limitation is the 10-day time course, which does not
include long-term systemic changes in the immune system. In this
regard, the influence of potentially applied adjuvant radio(chemo)
therapy should be analyzed in future studies, allowing a deeper
understanding of immunomodulatory effects during oral
cancer treatment.

There were no deaths directly related to the surgical procedure.
We did a follow-up investigation at the beginning of 07/23 to check
if the patients were still alive. 4 patients already died and 13 are still
alive, the status of the other patients is unknown. To show the
reproducibility of this study, a larger number of patients is needed
in future research.

Conclusion

The results of the present study indicate perioperative changes
in major primary oncologic head-and-neck surgery with complex
reconstruction. However, these changes in the expression of
CD45R0O, TGF-B and IL-8 are already decreasing within 10 days
and therefore indicate an only a transient immunological shift.
Therapeutic relevance is mainly shown by the correlation of the
expression changes of immunological parameters with increasing
duration of surgery, which encourages to keep the duration of
surgery as short as possible.

As perioperative TGF-f§ and PD-L1 expression changes are not
associated, these results support combined (neo-)adjuvant anti-PD1
and anti-TGF-B immunotherapy in the context of current

clinical trials.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by
Ethikkommission des Universititsklinikums Erlangen. The studies
were conducted in accordance with the local legislation and

References

1. Jiang M, Li B. STAT3 and its targeting inhibitors in oral squamous cell carcinoma.
Cells (2022) 11(19). doi: 10.3390/cells11193131

2. Koike K, Nishiyama K, Dehari H, Ogi K, Sasaki T, Shimizu S, et al. Prognostic
value of CD45Ro(+) T-cell expression in patients with oral squamous cell carcinoma.
Anticancer Res (2021) 41(9):4515-22. doi: 10.21873/anticanres.15262

3. LiH, Zhang Y, Xu M, Yang D. Current trends of targeted therapy for oral squamous cell
carcinoma. J Cancer Res Clin Oncol (2022) 148(9):2169-86. doi: 10.1007/s00432-022-04028-8

Frontiers in Oncology

11

10.3389/fonc.2023.1307956

institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

LT: Formal analysis, Visualization, Writing - original draft,
Writing - review & editing. JR: Methodology, Supervision, Writing —
review & editing. NI: Data curation, Investigation, Writing — review &
editing. PS: Data curation, Investigation, Writing — review & editing.
FW: Conceptualization, Writing — review & editing. RL: Validation,
Writing - review & editing. MK: Resources, Supervision, Writing —
review & editing. MW: Conceptualization, Formal analysis,
Investigation, Project administration, Supervision, Writing - review
& editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors would like to thank Andrea Krautheim-Zenk for
technical assistance.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

4. Bakouny Z, Choueiri TK. IL-8 and cancer prognosis on immunotherapy. Nat Med
(2020) 26(5):650-1. doi: 10.1038/s41591-020-0873-9

5. Trumet L, Weber M, Hahn A, Kunater L, Geppert C, Glajzer J, et al. The immune
checkpoint receptor CD96: A local and systemic immune modulator in oral cancer?
Cancers (Basel) (2023) 15(7). doi: 10.3390/cancers15072126

6. Weber M, Wehrhan F, Baran C, Agaimy A, Buttner-Herold M, Kesting M, et al.
Prognostic significance of PD-L2 expression in patients with oral squamous cell

frontiersin.org


https://doi.org/10.3390/cells11193131
https://doi.org/10.21873/anticanres.15262
https://doi.org/10.1007/s00432-022-04028-8
https://doi.org/10.1038/s41591-020-0873-9
https://doi.org/10.3390/cancers15072126
https://doi.org/10.3389/fonc.2023.1307956
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Trumet et al.

carcinoma-A comparison to the PD-L1 expression profile. Cancer Med (2019) 8
(3):1124-34. doi: 10.1002/cam4.1929

7. Gulley JL, Schlom J, Barcellos-Hoftf MH, Wang X]J, Seoane J, Audhuy F, et al. Dual
inhibition of TGF-beta and PD-L1: a novel approach to cancer treatment. Mol Oncol
(2022) 16(11):2117-34. doi: 10.1002/1878-0261.13146

8. Trumet L, Ries ], Sobl P, Ivenz N, Wehrhan F, Lutz R, et al. Postoperative changes
in systemic immune tolerance following major oncologic versus minor maxillofacial
surgery. Cancers (Basel) (2023) 15(15). doi: 10.3390/cancers15153755

9. Lenka S, Bhola RK, Varanasi PR, Bhuyan SK, Bhuyan R. Understanding the
functional relevance of oral neutrophils, phenotype and properties in OSCC. Med
Oncol (2023) 40(5):134. doi: 10.1007/s12032-023-02010-z

10. Kai K, Moriyama M, Haque A, Hattori T, Chinju A, Hu G, et al. Oral squamous cell
carcinoma contributes to differentiation of monocyte-derived tumor-associated macrophages
via PAI-1 and IL-8 production. Int J Mol Sci (2021) 22(17). doi: 10.3390/ijms22179475

11. Yuen KC, Liu LF, Gupta V, Madireddi S, Keerthivasan S, Li C, et al. High
systemic and tumor-associated IL-8 correlates with reduced clinical benefit of PD-L1
blockade. Nat Med (2020) 26(5):693-8. doi: 10.1038/s41591-020-0860-1

12. Schalper KA, Carleton M, Zhou M, Chen T, Feng Y, Huang SP, et al. Elevated
serum interleukin-8 is associated with enhanced intratumor neutrophils and reduced
clinical benefit of immune-checkpoint inhibitors. Nat Med (2020) 26(5):688-92. doi:
10.1038/541591-020-0856-x

13. Ferrari E, Pezzi ME, Cassi D, Pertinhez TA, Spisni A, Meleti M. Salivary
cytokines as biomarkers for oral squamous cell carcinoma: A systematic review. Int |
Mol Sci (2021) 22(13). doi: 10.3390/ijms22136795

14. Hu G, Wang S. Tumor-infiltrating CD45RO(+) memory T lymphocytes predict
favorable clinical outcome in solid tumors. Sci Rep (2017) 7(1):10376. doi: 10.1038/
541598-017-11122-2

15. Formica V, Cereda V, Bari MG, Grenga I, Tesauro M, Raffaele P, et al. Peripheral
CD45RO0, PD-1, and TLR4 expression in metastatic colorectal cancer patients treated
with bevacizumab, fluorouracil, and irinotecan (FOLFIRI-B). Med Oncol (2013) 30
(4):743. doi: 10.1007/s12032-013-0743-0

16. Juarez I, Gutierrez A, Vaquero-Yuste C, Molanes-Lopez EM, Lopez A, Lasa I,
et al. TGFB1 polymorphisms and TGF-B1 plasma levels identify gastric

adenocarcinoma patients with lower survival rate and disseminated disease. J Cell
Mol Med (2021) 25(2):774-83. doi: 10.1111/jcmm.16131

17. Ibrahim YS, Amin AH, Jawhar ZH, Alghamdi MA, Al-Awsi GRL, Shbeer AM,
et al. “To be or not to Be”: Regulatory T cells in melanoma. Int Immunopharmacol
(2023) 118:110093. doi: 10.1016/j.intimp.2023.110093

18. Wang J, Zhao X, Wan YY. Intricacies of TGF-beta signaling in Treg and Th17
cell biology. Cell Mol Immunol (2023). doi: 10.1038/s41423-023-01036-7

19. Wang X, Sun W, Bai J, Ma L, Yu Y, Geng J, et al. Growth inhibition induced by
transforming growth factor-betal in human oral squamous cell carcinoma. Mol Biol
Rep (2009) 36(5):861-9. doi: 10.1007/s11033-008-9256-x

Frontiers in Oncology

12

10.3389/fonc.2023.1307956

20. Zivancevic-Simonovic S, Mihaljevic O, Mihajlovic D, Milosevic-Djordjevic O,
Jovanovic Z, Mijatovic-Teodorovic L, et al. Transforming growth factor Beta 1 (TGF-
B1) in thyroid cancer patients: a view from the peripheral blood. Ann Clin Lab Sci
(2016) 46(4):401-6.

21. Lim KP, Chun NA, Ismail SM, Abraham MT, Yusoff MN, Zain RB, et al. CD4
+CD25hiCD127low regulatory T cells are increased in oral squamous cell carcinoma
patients. PloS One (2014) 9(8):e103975. doi: 10.1371/journal.pone.0103975

22. Kong FM, Anscher MS, Murase T, Abbott BD, Iglehart JD, Jirtle RL. Elevated
plasma transforming growth factor-beta 1 levels in breast cancer patients decrease after
surgical removal of the tumor. Ann Surg (1995) 222(2):155-62. doi: 10.1097/00000658-
199508000-00007

23. Klatte T, BsShm M, Nelius T, Filleur S, Reiher F, Allhoff EP. Evaluation of peri-
operative peripheral and renal venous levels of pro- and anti-angiogenic factors and
their relevance in patients with renal cell carcinoma. BJU Int (2007) 100(1):209-14. doi:
10.1111/§.1464-410X.2007.06871.x

24. Liu G, Chen XT, Zhang H, Chen X. Expression analysis of cytokines IL-5, IL-6,
IL-8, IL-17 and VEGF in breast cancer patients. Front Oncol (2022) 12:1019247. doi:
10.3389/fonc.2022.1019247

25. Hong DY, Lee BJ, Lee JC, Choi JS, Wang SG, Ro JH. Expression of VEGF, HGF,
IL-6, IL-8, MMP-9, telomerase in peripheral blood of patients with head and neck
squamous cell carcinoma. Clin Exp Otorhinolaryngol (2009) 2(4):186-92. doi: 10.3342/
€e0.2009.2.4.186

26. Xing YL, Wang YC. Influence of autologous and homologous blood transfusion on
interleukins and tumor necrosis factor-o in peri-operative patients with esophageal cancer.
Asian Pac ] Cancer Prev (2014) 15(18):7831-4. doi: 10.7314/APJCP.2014.15.18.7831

27. Hill BL, Calder .N, Flemming JP, Guo Y, Gilmore SL, Trofa MA, et al. IL-8
correlates with nonresponse to neoadjuvant nivolumab in HPV positive HNSCC via a
potential extracellular vesicle miR-146a mediated mechanism. Mol Carcinog (2023).
doi: 10.1002/mc.23587

28. Mohammadi Y, Ahmadvand S, Mirtalebi M, Ashraf MJ, Khademi B, Ghaderi A.
CD45RO+TILs: cellular biomarkers for larynx squamous cell carcinoma outcome. Braz
J Otorhinolaryngol (2022) 88 Suppl 4(Suppl 4):S133-42. doi: 10.1016/
j.bjor.2022.09.007

29. Hartan R, Schnellhardt S, Biittner-Herold M, Daniel C, Hartmann A, Fietkau
R, et al. The prognostic and predictive significance of tumor-infiltrating memory T
cells is reversed in high-risk HNSCC. Cells (2022) 11(12). doi: 10.3390/
cells11121960

30. Yajima R, Yajima T, Fujii T, Yanagita Y, Fujisawa T, Miyamoto T, et al.
Tumor-infiltrating CD45RO(+) memory cells are associated with a favorable
prognosis breast cancer. Breast Cancer (2016) 23(4):668-74. doi: 10.1007/
§12282-015-0622-y

31. Zhai Z, Wang Z, Jin M, Zhang K. Peripheral blood CD45RO+T cells is a predictor of
the effectiveness of neoadjuvant chemoradiotherapy in locally advanced rectal cancer. Med
(Baltimore) (2021) 100(25):e26214. doi: 10.1097/MD.0000000000026214

frontiersin.org


https://doi.org/10.1002/cam4.1929
https://doi.org/10.1002/1878-0261.13146
https://doi.org/10.3390/cancers15153755
https://doi.org/10.1007/s12032-023-02010-z
https://doi.org/10.3390/ijms22179475
https://doi.org/10.1038/s41591-020-0860-1
https://doi.org/10.1038/s41591-020-0856-x
https://doi.org/10.3390/ijms22136795
https://doi.org/10.1038/s41598-017-11122-2
https://doi.org/10.1038/s41598-017-11122-2
https://doi.org/10.1007/s12032-013-0743-0
https://doi.org/10.1111/jcmm.16131
https://doi.org/10.1016/j.intimp.2023.110093
https://doi.org/10.1038/s41423-023-01036-7
https://doi.org/10.1007/s11033-008-9256-x
https://doi.org/10.1371/journal.pone.0103975
https://doi.org/10.1097/00000658-199508000-00007
https://doi.org/10.1097/00000658-199508000-00007
https://doi.org/10.1111/j.1464-410X.2007.06871.x
https://doi.org/10.3389/fonc.2022.1019247
https://doi.org/10.3342/ceo.2009.2.4.186
https://doi.org/10.3342/ceo.2009.2.4.186
https://doi.org/10.7314/APJCP.2014.15.18.7831
https://doi.org/10.1002/mc.23587
https://doi.org/10.1016/j.bjorl.2022.09.007
https://doi.org/10.1016/j.bjorl.2022.09.007
https://doi.org/10.3390/cells11121960
https://doi.org/10.3390/cells11121960
https://doi.org/10.1007/s12282-015-0622-y
https://doi.org/10.1007/s12282-015-0622-y
https://doi.org/10.1097/MD.0000000000026214
https://doi.org/10.3389/fonc.2023.1307956
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Does surgery affect systemic immune response? a perioperative analysis of TGF-β, IL-8 and CD45RO
	Introduction
	Materials and methods
	Patients cohort
	Sampling of peripheral blood
	Analysis of IL-8, CD450_RO and TFG-β expression by quantitative-real-time-reverse-transcriptase-polymerase-chain-reaction
	Statistical analysis

	Results
	Patients cohort
	CD45RO
	TGF-β
	IL-8
	TGF-β correlation with PD-L1 and FOXP3
	Demographic and histomorphologic parameters

	Discussion
	Limitations of the study
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


