
Abstract 

Objectives: Mastectomy and axillary dissection (AD) provide a good model to study local inflam-
matory response and wound healing after surgery. The involved factors include pro-inflammatory cy-
tokines. This prospective study investigated kinetic changes of interleukin (IL)-2, IL-6, tumor necrosis 
factor (TNF)-α in both seroma “wound fluid” and serum during 24 and 48 hours post-mastectomy or 
lumpectomy, and AD dissection to confirm their roles in inflammatory response and seroma formation.
Methods: Twenty-two patients underwent mastectomy or lumpectomy and AD; 11 healthy controls 
were recruited. Drain fluid (20 ml) and serum were collected postoperatively at 24 and 48 hours. IL-2, 
IL-6, and TNF-α levels were determined by ELISA kits.
Results: After 24 and 48 hours, TNF-α serum levels were significantly higher than controls (P 
<0.0001); after 48 hours, serum IL-2 and IL-6 were significantly higher than controls (P <0.0001), 
and serum IL-6 was higher than after 24 hours (P <0.0001). After 24 and 48 hours, wound fluid levels 
of IL-2 and IL-6 were higher than serum levels of controls (P <0.0001). The IL-6 wound fluid/serum 
ratio was higher in 24 hours compared to 48 hours (P <0.047). Significant positive correlations were 
found between serum IL-2 and IL-6 (r=0.477, P <0.002); between wound fluid levels of IL-2 and IL-6 
(r=0.379, P <0.011), and between serum and wound fluid TNF-α (r= 0.562, P <0.0001).
Conclusions: IL-2, IL-6, and TNF-α are important in wound inflammation and seroma formation 
after 24 and 48 hours post-breast surgery. Their levels in wound fluid were higher than serum, indicat-
ing their local production. IL-2 and IL-6 act synergistically in inflammation and seroma formation.
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Introduction
Over the past three decades, breast can-

cer has remained the second leading cause 
of cancer death among women all over the 
world [1]. Although the introduction of ad-
juvant systemic treatments has contributed 
a lot to the dramatic decline of mortality, 

the surgical treatment is still the primary 
choice for early breast cancer patients. Al-
though breast conserving and oncoplastic 
techniques are being used with increasing 
frequency, modified radical mastectomy 
(MRM) is still an important alternative for 
the surgical treatment of breast cancer. The 
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Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-
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most frequent complications seen during the wound-
healing process of MRM are seroma, surgical site infec-
tions, flap necrosis, and hematoma. These complica-
tions may give rise to more serious complications, such 
as wound dehiscence and the delay of adjuvant treat-
ments, by prolonging the wound-healing process [2]. A 
seroma is viewed by some surgeons as a necessary evil, 
accounting for prolonged patient discomfort that trans-
lates as pain, delayed wound healing, skin flap necrosis 
and infection, prolongation of hospital stay, increase of 
hospital visits, stretch of health expenses, and exacerba-
tion of patient discomfort [3]. 

Seroma formation can be seen as a consequence of 
the inflammatory foreign body reaction with mono-
cytes and macrophages involved in the interface of 
connective tissue and implant. These cells produce a 
variety of cytokines, which regulate the local immune 
response, wound healing, and scar formation [4]. In 
other words, wound fluid is a suitable material for ex-
amining proinflammatory cytokines. Interleukin (IL)-
6 and tumor necrosis factor-α (TNF-α) are released 
by the leukocytes extravasating out of the blood vessel 
[5]. They are crucial in initiating, controlling and ter-
minating the cellular events of wound healing. These 
two cytokines can induce the production of proteases, 
elastases, and matrix metalloproteinases (MMPs) [6]. 
Interleukin 2 (IL-2) is a lymphocytotrophic proinflam-
matory cytokine that is involved in the growth and dif-
ferentiation of T and B cells, and enhances the cytolytic 
functions of natural killer (NK) cells; it is also known 
to have some function in the proliferation of several 
non-lymphoid cells [7]. Nevertheless, it has also been 
shown that systemic administration of IL-2 induces the 
regression of metastatic murine renal carcinoma [8], 
possibly through the induction of interferon-γ, TNF-α, 
and antiangiogenic products such as IP-10 [9]. This 
finding has led some authors to conclude that whereas 
endogenous IL-2 stimulates cell proliferation, exog-
enous IL-2 inhibits such a proliferation [10]. The lev-
els of proinflammatory cytokines in wounds or wound 
fluids can be used as a reliable parameter reflecting tis-
sue damage [11]. The expression levels of IL-6 are usu-
ally elevated during acute inflammation and trauma, re-
flecting the degree or extent of inflammation [12]. An 
excess of TNF-α leads to the damage of wound healing, 

which results in a chronic wound [13]. 
The study of biological factors in the wound milieu 

has many potential uses. Knowledge of their temporal 
and quantitative profiles may help in a better apprecia-
tion of their roles in wound healing. Once there are 
sufficient data on the normal course of events, there 
is a potential for them to be developed into monitor-
ing tools. They may serve as markers for certain critical 
events in the tissues and, therefore, offer diagnostic and 
prognostic information, as has been found in models of 
inflammation such as periodontitis and osteoarthritis 
[14]. Effects on biological factors may also be used as 
outcome measures in the evaluation of interventions 
on wounds. Finally, there is a potential for identifying 
areas of biomolecular pathophysiology that are amena-
ble to therapeutic manipulation.

Aim
Breast surgery does not disturb internal organ 

functions; therefore, any body response is related to 
the surgical operation. Thus, mastectomy provides a 
good model to study the wound-healing process after 
surgery. The first aim of this prospective study was to 
establish the quantitative and temporal profiles of some 
cytokines (IL6, IL2, TNF-α) that would be expected 
to be present in wound fluid following mastectomy, 
lumpectomy, and axillary dissection, and the second 
aim was to identify any differences in their expression 
in wound fluid and serum early in the postoperative pe-
riod (24 and 48 hours). 

Materials and methods
Subject selection 
Twenty-two consecutive patients diagnosed with 

breast cancer and surgically treated with mastectomy or 
lumpectomy and axillary dissection (AD) at the surgi-
cal department of King Abudalaziz University hospital, 
Jeddah, Saudi Arabia between January 2011 and May 
2012 were enrolled in this prospective study. The study 
had the approval of the local research ethics committee 
according to the Helsinki declaration, and the patients 
had given informed consent for the sampling of wound 
fluid and blood. Patient age, body mass index (BMI), 
disease stage, the number of total and metastatic lymph 
nodes, and comorbidities were recorded. The postop-
erative amount and duration of seroma, surgical site in-
fection, hematoma, flap ecchymosis, and necrosis rates 
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were recorded. Patients with locally advanced breast 
cancer who were undergoing neoadjuvant chemother-
apy were excluded. Eleven age-matched and apparently 
healthy women from the patient’s relative were recruit-
ed as healthy controls.

Surgical technique
After a skin incision was made with a scalpel, the 

skin flaps were lifted up with the help of hooks. Skin 
flaps were prepared by using both sharp dissection us-
ing scissors, and diathermy.  Axillary dissection of all 
patients was performed with sharp dissection using dis-
secting scissors, and blunt dissection. Electrocautery 
was used in a coagulation mode within the range of 20–
30 volts. The thoraco-dorsal pedicle and long thoracic 
and thoraco-dorsal nerves were preserved. Standard 
level 2 dissection was carried out in all patients. Closed 
suction drains were used for all patients after hemosta-
sis. Subcutaneous tissue was approximated with ab-
sorbable sutures, and the skin was closed with subcu-
ticular continuous sutures. Daily drainage volume was 
recorded and the drains were not removed until the 
daily drainage decreased to less than 50 mL. All drains 
requiring more than 7 days were removed irrespective 
of the daily drainage amount, and the patients were in-
structed to attend arm physiotherapy. Prophylactic an-
tibiotics were used in all the patients. Fluids collected 
under the skin flaps and axilla that presented clinical 
findings were accepted as a seroma. The hemorrhagic 
drainage at the incision or drains for more than two 
days was accepted as a hemorrhage, and the collections 
made in operation fields with skin color changes and 
mass effect were accepted as hematoma.

Wound fluid collection and storage and serum 
collection

Wound fluid was collected postoperatively from 
a specialized low-suction drain (tube size 10 F; inter-
nal diameter 3.3 mm). The drain consisted of a bulb 
(capacity 250 mL) that served as a collecting cham-
ber (Exudrains, Astratech Inc., Mo¨ indal, Sweden) 
that could be periodically emptied and isolated from 
the main collecting bag of the drain. Therefore, it was 
possible to collect representative, sequential samples 
of the wound fluid. The decision to remove the drain 
was entirely a clinical one taken by the surgical team 
caring for the patient. Wound fluid samples were col-

lected at 24-hour intervals after the operation, as long 
as the drain was in place (24 and 48 hours). We chose 
this period to avoid the effects of adjuvant therapies on 
measured parameters. The amount of drain fluid was 
charted daily until the drains were removed. A 20mL 
sample of the drain fluid was collected postoperatively 
during the first 24 hours and 48 hours in a sterile con-
tainer without additives, centrifuged within the next 15 
minutes at 4,500 r.p.m. for 15 minutes, and supernatant 
was separated and stored frozen in sterile plastic tubes 
at   80 0C till the time of analysis. 

Blood samples (5 ml) were taken via venipuncture 
on the 1st and 2nd day after surgery, before adjuvant 
therapy started into the plain tube centrifuged within 
the next 15 minutes at 4,500 r.p.m. for 15 minutes, and 
serum was separated and stored frozen in sterile plastic 
tubes at –80 0C till the time of analysis.

Measurement of IL-2, IL-6 and TNF-α
Samples were collected postoperatively from drain 

fluid within 24 and 48 hours. Interleukin (IL)-2, IL-6 
and TNF-α were measured in serum and wound fluid 
by quantitative ELISA analysis using human interleu-
kin (IL)-2 (Abazyme, LLC, MA, USA), IL-6 (Cell Sci-
ences, MA, USA), and TNF-α (BD Biosciences, CA, 
USA) kits. All procedures were done according to the 
manufacturer’s instructions. The minimum detectable 
levels of IL-2, IL-6 and TNF-α were 6.7 pg/ml, < 2 pg/
ml and 2 pg/ml, respectively.

Statistical analysis
All parametric data are expressed as mean +/- 

standard deviation (SD), and minimum/maximum 
and non-parametric parameters were expressed as a 
number (%). Independent sample t-tests and one-way 
ANOVA tests were used to compare means in each 
group using SPSS for Windows release 11.0 (SPSS Inc., 
Chicago, IL). Pearson’s correlations were performed 
for linear correlation analysis, with results expressed in 
terms of r and P.  P <0.05 was considered statistically 
significant.

Results
Table 1 showed that there was an insignificant dif-

ference between patients and control regarding age, 
weight, height, and BMI. In patients, types of opera-
tion were lumpectomy and AD in 18.20%, skin-sparing 
mastectomy in 63.60%, and modified radical mastec-
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Table 1. Demographic characteristics of the studied groups.

Variables Controls (n=11) Patients (n=22) Significance

Age (years) 45.00±4.92/38.00-52.00 50.95±12.26/32.00-77.00 0.134

Weight (kg) 63.27±15.49/48.00-94.00 71.76±18.70/43.70-117.80 0.204

Height (m) 1.59±0.06/1.53-1.68 1.59±0.06/1.46-1.77 0.167

Body mass index (kg/m2) 25.07±5.67/17.01-33.30 29.53±6.67/19.72-46.60 0.067

Type of operation - -

Lumpectomy and AD - 4 (18.20%) -

Skin-sparing mastectomy - 14 (63.60%) -

Modified radical mastectomy - 4 (18.20%) -

Disease stage -  -

Stage 1 -  10 (45.45%) -

Stage 2 - 12 (54.55%) -

Diathermy - 21 (95.50%) -

Enlarged lymph nodes - 5 (22.70%) -

Hypertension - 2 (9.10%) -

Diabetes mellitus - 4 (18.20%) -

Wound fluid volume (ml) - 231.36±158.96 /50.00-710.00 -

Flap necrosis - 0 (0.00%) -

Wound infection - 0 (0.00%) -

Duration of hospital stay (days) - 3.23±0.92/(2.00-4.00) -

Pathological results - -

Ductal carcinoma in situ (DCIS) - 1 (4.55%) -

Invasive ductal carcinoma - 20 (90.91%) -

Invasive lobular carcinoma - 1 (4.55%) -

Table 2. Comparison between measured parameters in different studied groups.

Variables Controls
(n=11)

Patients (n=22)

Serum Wound fluid Wound fluid/serum ratio

24 hours 48 hours 24 hours 48 hours 24 hours 48 hours

Interleukin-2 
(pg/ml)

0.11±0.03 13.70±10.28 30.54±44.83 375.01±94.12 328.38±125.21 68.55±98.22 44.78±83.49

0.10-0.20 1.32-42.23 1.32-162.68 209.27-562.68 48.86-528.59 10.69-351.00 2.31-401.00

Significance *P <0.214 *P <0.007
**P <0.062 P <0.0001 P <0.0001

**P <0.170 **P <0.392

Interleukin-6 
(pg/ml)

0.17±0.06 3.48±5.17 13.56±13.87 716.23±7.27 679.27±142.72 1168.18±1262.12 544.92±675.35

0.10-0.30 0.18-19.73 0.36-33.59 696.77-726.32 44.05-726.32 35.80-3994.75 19.78-1947.36

Significance *P <0.571 *P <0.0001
**P <0.0001 P <0.0001 P <0.0001

**P <0.232 **P <0.047

Tumor necrosis 
factor-α (pg/ml)

0.11±0.03 7.57±3.96 7.08±4.70 8.03±4.00 7.00±4.02 1.30±0.93 1.71±2.49

0.10-0.20 2.15-19.27 0.33-15.48 0.64-14.73 0.94-16.24 0.05-3.57 0.33-12.36

Significance *P <0.0001 *P <0.0001
**P <0.680 P <0.668 P <0.884

**P <0.401 **P <0.474

*P: significance versus control; **P: significance versus 24 hours versus 48 hours; P: significance serum versus wound fluid at the same time
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Variables Interleukin-2 Interleukin-6  
Interleukin-6

Serum 0.447 (0.002)
Wound fluid 0.379 (0.011)

Tumor necrosis factor-α
Serum -0.123 (0.426) -0.082 (0.596)
Wound fluid -0.014 (0.929) 0.036 (0.814)

Table 3. Correlation between different measured parameters meas-
ured in serum and wound fluid of the patients.

Figure 1. Scattered diagram showed insignificant positive correla-
tion between serum and seroma levels of interleukin-2 in patients 
(r=0.094, P<0.543). 

Figure 2. Scattered diagram showed insignificant positive correla-
tion between serum and seroma levels of interleukin-6 in patients 
(r=0.060, P <0.698).

Figure 3. Scattered diagram showed significant positive moderate 
correlation between serum and seroma levels of tumor necrosis 
factor-alpha in patients (r=0.562, P<0.0001). 

tomy in 18.20%. Diathermy was used in 21 patients 
(95.50%). Enlarged lymph nodes were present in 5 pa-
tients (22.70%). 

Table 2 showed that serum levels in patients after 
24 and 48 hours of TNF-α (P <0.0001 for both) were 
significantly higher. Serum IL-2 was significantly el-
evated than controls (P <0.0001), and serum TNF-α 
was more elevated after 48 hours than controls, and 
level after 24 hours (P <0.0001 for both). Meanwhile, 
wound fluid levels after 24 and 48 hours were higher 
than serum levels of controls of IL-2 (P <0.0001 for 
both) and IL-6 (P <0.0001 for both). 

Table 3 showed how significant positive cor-
relations were found between serum IL-2 and IL-6 
(r=0.477, P <0.002). Significant positive correla-
tions were found between wound fluid IL-2 and IL-6 
(r=0.379, P <0.011).

In patients, a scattered diagram showed an insignifi-
cant positive correlation between serum and wound 
fluid levels of IL-2 (r=0.094, P <0.543) (Figure 1); be-
tween serum and wound fluid levels of IL-6 (r=0.060, 
P <0.698) (Figure 2), but showed a moderate and sig-
nificant positive correlation between serum and wound 
fluid levels of TNF-α (r=0.562, P <0.0001) (Figure 3).

Discussion
Mastectomy is a commonly performed operation 

and it leaves a clean wound; therefore, this is a good, 
representative acute wound model to study biological 
factors’ profiles. There is a relatively large surface area 
left by surgical dissection, and a closed wound space 
can be drained effectively by conventional tube drains, 
without wound fluid loss. A seroma is an accumulation 
of serous fluid beneath the skin flaps of a mastectomy 
or in the axilla after axillary dissection [15]. At the be-
ginning, lymphatic channels opened during dissection 
were blamed for causing seroma formation following 
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mastectomy, whereas later on the dead space, the irreg-
ular anatomy of chest wall and flap dislodgement relat-
ed to arm movements were considered factors causing 
seroma formation [16]. The postoperative events at the 
operation site are rather complex. While the immedi-
ate and early local responses are part of the inflamma-
tory and perhaps acute phase reactions to acute trauma 
from surgery, the changes in cytokine levels at 24 and 
48 hours post-surgery should reflect the inflammatory 
responses.

It is well known that the generation, proliferation, 
differentiation, and prognosis of malignant tumors cor-
relate closely with immune system status, especially 
with cell-mediated immunity [17]. IL-2 is a cytokine 
released from T helper lymphocytes. It promotes the 
generation, proliferation and differentiation of T lym-
phocytes; enhances natural killer cell activity; induces 
the generation of lymphokine-activated killer cells; and 
promotes production of antibodies by B lymphocytes. 
Through these mechanisms, it plays an important role 
in antitumor immune responses [18]. In this study the 
serum IL-2 level was significantly elevated at 48 hours 
after surgery compared to healthy controls, indicating 
its importance late in the inflammatory process. The 
wound fluid levels of IL-2 were significantly elevated 
more than its serum levels during 24 and 48 hours 
post-surgery. In this respect, García-Tuñón and his col-
leagues [19], using immunohistochemistry, reported 
that breast tumor development is associated with an 
increased expression of IL-2 and its three receptor 
chains, and this expression also seems to be associated 
with tumor malignancy.  

The acute phase of the inflammatory response in-
cludes the release of different pro-inflammatory cy-
tokines, such as IL-6 and TNF-α, and also acute-phase 
proteins, such as C-reactive protein, serum amyloid A 
or haptoglobin [20]. Cytokines in the wound-healing 
process play an important role in the initiating, control-
ling and terminating of cellular events such as angio-
genesis and extracellular matrix formation [13]. Loo 
et al. [21] reported that although TNF-α levels begin 
to increase earlier than those of IL-6, both cytokines 
reach their maximum levels within 24 hours. In light of 
these findings, it can be said that IL-6 and TNF-α levels 
in wound fluid detected at 24 hours reflect the sever-

ity of tissue damage authentically. Besides, as the mas-
tectomy does not have a direct adverse effect on organ 
functions like liver or kidneys, the inflammation cre-
ated might be directly attributable to the surgery [22].

IL-6 is secreted from activated monocytes and 
macrophages [22]. In this study, serum levels of IL-6 
were significantly elevated at 48 hours after mastecto-
my compared to 24 hours and healthy controls, which 
indicated that IL-6 is important late in wound inflam-
mation. Wound fluid levels of IL-6 were higher than 
their corresponding serum levels; meanwhile, there 
was no significant difference between 24 hours and 48 
hours postoperatively of IL-6 wound fluid levels, which 
indicates that IL-6 is important in inflammation and 
the healing process. The wound fluid-to-serum ratio 
of IL-6 was higher in 24 hours compared to 48 hours, 
which indicates that IL-6 is more locally produced by a 
large amount during 24 hours than serum. Kozomara 
et al. [23] reported that there is a statistically significant 
increase in serum IL-6 levels as early as 4 hours after 
mastectomy, and it reaches its maximal value after 48 
hrs. Chow and his colleagues [24] reported elevated 
IL-6 serum levels after mastectomy. The changes were 
prolonged and represented the total body responses to 
surgical trauma in addition to local inflammatory re-
sponses at the operation site. Previously, high IL-6 lev-
els in wound fluid on day 2 after mastectomy had been 
shown [25].  Also, Baker et al. [26] showed that IL-6 
had an early peak on postoperative day 1, followed by 
a significant decline by day 3; this corresponds to their 
release following the initial inflammatory response. 
Chow and his colleagues [25] found that IL-6 levels in 
the wounds of normal subjects showed a progressive 
drop from day 1 to day 5 postoperatively. IL-6 has been 
shown to assist wound healing by regulation of genes 
involved in growth factor expression [13]. Moreover, 
exogenous soluble IL-6 receptor-a can induce the pro-
duction of IL-6, MMP-1, and MMP-2 in bone marrow 
stromal cells. Therefore, IL-6 may regulate MMP-9 and 
MMP-2 expressions in the wound healing after mastec-
tomy [27]. In this study, we found a significant posi-
tive correlation between IL-2 and IL-6, indicating their 
importance in inflammation and the healing process of 
the wound. The finding of extremely high levels of IL-6 
in wound fluid is strongly suggestive of an accumula-
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tion of afferent lymph. Indeed, this cytokine has been 
reported to be specifically contained in human afferent 
lymph, but not in autologous serum [28]. IL-6 consist-
ently detectable in wound fluid may derive from tissue 
stromal cells, which abundantly release this cytokine 
[29] and are then collected through lymphatic ves-
sels in the axillary cavity. On the other hand, the mac-
rophages present within wound fluid might represent 
another source of IL-6, but this is unlikely since both 
IL-1β and IL-12, other cytokines actively secreted by 
activated macrophages, were barely or not measurable 
in wound fluids. On the basis of these results, it seems 
likely that wound fluid, collected in breast cancer pa-
tients following removal of the draining lymph nodes 
of the axillary chains, represents a continuous sampling 
of the extracellular fluid from upstream tissues through 
afferent lymphatic vessels. These vessels are interrupt-
ed by surgery and some weeks are necessary for drain-
ing lymphatic network reconstitution [30]. In previous 
reports, seroma has been considered an inflammatory 
exudate consequent to increased blood vessel perme-
ability. If this would be the case, we should expect all 
plasma proteins equally represented in the fluid, with-
out the specific segregation we are here reporting. In 
addition, in those previous studies, seroma was classi-
fied as exudates using either the original Light’s criteria 
[31] or the criteria by Heffner et al. [32].

TNF-α in surgical wounds is secreted into the sur-
gical field with the first stimulation of extravasated and 
activated monocytes and macrophages. Their rise in 
blood is limited and low [22]. In this study, after 24 
and 48 hours, we found more elevated serum levels 
of TNF-α after surgery than healthy controls. Mean-
while, there was no significant difference of either se-
rum or wound fluid TNF-α levels between 24 and 48 
hours after mastectomy. On the contrary, Chow and 
his colleagues [25] found that the wound fluid levels 
of TNF-α showed a progressive rise from day 1 to day 
5 postoperatively, which indicates its importance in 
wound-healing processes, especially in the later phases. 
TNF-α has been shown to induce angiogenesis [33]. It 
also promotes the synthesis of collagenase and prosta-
glandin E2 in fibroblasts [6]. These properties may be 
important for the formation of granulation tissue and 
the remodeling of the wound matrix. Most patients with 

malignant tumors express high levels of TNF-α, and se-
rum concentrations of TNF-α have shown a correlation 
with tumor burden and progression [34]. Increases in 
TNF-α probably originate from autosecretion by tu-
mor cells, tumor-infiltrating lymphocytes stimulated 
by tumor antigen, and circulating monocytes activated 
by tumor metastases [35]. This possibility would be in 
line with findings that, although appropriate concen-
trations of TNF-α in serum increase an immunologic 
response and inhibit tumor development, high levels 
of TNF-α can paradoxically promote the ability of a 
tumor to become aggressive and metastasize. TNF-α 
has been shown to increase adhesion between tumor 
cells and endotheliocytes, accelerate maturation of the 
tumor matrix, and increase the gene expression of stro-
mal metalloproteinase [34]. Chow and his colleagues 
[25] showed a significant negative correlation between 
TNF-α and IL-6. Chow et al. [25] found that TNF- α 
is associated with wound-healing processes via induc-
ing angiogenesis. Al-Gaithy et al. [36] reported that 
increased serum levels of TNF-α could be attributed 
to the development of a large number of newly formed 
blood vessels in patients who developed wound fluid 
after breast surgery. 

In conclusion, wound fluid has a cellular and pro-
tein composition that supports the hypothesis that 
wound fluid is constituted by an accumulation of affer-
ent lymph. This fluid can be useful, not only to evaluate 
the presence of residual molecules specific of the sur-
gically removed cancer tissue, but also to obtain cells 
with special immunological features, for attempting the 
discovery of novel biomarkers belonging to inflamed 
tissue, surgical wound and a locoregional immune re-
sponse. IL-6 and IL-2 are important in the normal 
postoperative recovery of patients undergoing mastec-
tomy. They are associated with the initial inflammatory 
response and wound healing after surgery. Another 
study with a large number of patients is recommended 
in order to set a cutoff point of the levels of these cy-
tokines in wound fluid and serum of patients with post-
mastectomy seroma.
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