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A B S T R A C T

Natural killer T (NKT) and regulatory T cells (Tregs) play an important role in innate immune response. Natural
killer (NK) and NKT cells are indispensable factors in the body’s ongoing defense against tumor development, as well as
viral infection. NKT cells are a subset of T cells that shares properties of natural killer cells and conventional T cells.
They are involved in innate immune responses, tumor rejection, post transplantation immunotherapy, immune surveil-
lance and control of autoimmune diseases. They may also play both protective and harmful roles in the progression of
certain autoimmune diseases, such as diabetes, lupus, atherosclerosis, and allergen-induced asthma. Immune surveil-
lance involves the process whereby precancerous and malignant cells are recognized by the host immune system as damaged
and are consequently targeted for elimination. The pharmacological management of postoperative pain in patients with
malignancies uses very different techniques whose possible cytotoxic functions we still known very poor. The present
study compared effects of two different postoperative pain management techniques in patients undergoing colorectal cancer
surgery on the innate immunity. Our data indicate that the patients with colorectal cancer have significantly increased
the percentage of Tregs and NKT cells. The values were statistically higher during epidural analgesia in comparison
with intravenous analgesia, indicating that epidural pain management technique ameliorate the immune suppression
after surgery.
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Introduction

The human response to malignancies, surgical or
chronic stress is linked to alteration in immune function,
observed as decreases in natural killer (NK) cell cyto-
toxicity, lower antibody titers and decreased lymphocyte
proliferation1. Anesthesia and analgesia, associated with
surgical stress suppress the immune response following
different complex mechanisms: direct effect on the im-
mune system and/or by activating the hypothalamic-pi-
tuitary-adrenal axis and sympathetic nervous system2.
During stress (surgery, hypo-and hyperthermia, hyper-
glycemia, blood transfusion, postoperative pain), anes-

thetics suppress immunity in the perioperative period
due to its direct suppressive effect on cellular and humo-
ral immunity, and affecting the function of immuno-
competent cells, the expression and secretion of inflam-
matory mediated genes3. Tumor cells provide antigenic
stimulation of T cells and interact with the tumor-infil-
trated innate immune cells secreting cytokines that are
crucial for T-cell differentiation. Virgin CD4 + T cells can
be differentiated into different subsets of CD4 + T cells,
including Th1, Th2, regulatory T cells (Tregs) and
IL-17-T cells (Th17), depending on the strength of anti-
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genic stimulation and cytokines milieu. Alternatively,
the natural CD4 + CD25 + Treg cells directly derived
from the thymus may contribute to cross-reaction with
some antigens expressed on cancer cells, thus promoting
its spread and accumulation in the tumor microenviron-
ment4. A large number of studies have described the di-
rect role of Tregs in, if not immediately at the beginning
of tumor growth, at least in the prevention of immunity
in a well-described tumors5. Thereby, Tregs as a subset of
T cells represent a unique subpopulation which may af-
fect on development and prognosis of many different
ilnesses: alergic diseases6, infection7, malignancies8, auto-
immunity9, graft-versus host disease10 and environmen-
tal diseases11. On the other hand NKT cells are a type of
T cells that share the common features of natural killer
cells (NK) and conventional T cells. NKT cells are in-
volved in the regulation of innate immune responses, tu-
mor rejection in the posttransplantation immunothera-
py, immunologic survival, control of autoimmune disease
(diabetes type I, multiple sclerosis, SLE, myasthenia gra-
vis, asthma, RA, etc.), the number of pathological condi-
tions in which regulate viral infection in vivo and tumor
growth. One can play assertive, but also detrimental role
in the progression of certain autoimmune diseases such
as diabetes, lupus, atherosclerosis and asthma12–15. Now-
days, we distinguish NKT cells type I and type II. They
are differing according to: phenotype characteristics (CD4
+ or double negative (CD4-CD8-), distribution in differ-
ent tissues and NK 1.1 expression. The protective NKT
cells are type I NKT cells, which are double negative, ma-
ture in the liver and possibly NK 1.1 positive and produce
IFN-g, which mediates protective antitumor role. Sup-
pressive NKT cells are type II NKT cells, CD4 +, react to
sulfatid ion and through IL-13 suppress the immune re-
sponse to tumors16. Assumptions suggest that NKT cells
can act as helper cells for Treg, thus represent a link be-
tween two natural populations of regulatory T cells. The
aim of this study was to investigate the characteristics of
human regulatory T and NKT cells of patients with
colorectal cancer, during intravenous and epidural anal-
gesia.

Subjects and Methods

Our study includes 80 patients with colorectal cancer.
We are taking venous blood from the periphery (5 ml)
prior to the start of analgesia, i.e. before surgery and the
1st and 6th postoperative day during the implementation
of epidural or intravenous analgesia. Peripheral blood
leukocytes (PBL) were isolated and using flow cytometry
technique (FACSCalibur) are determined individual lym-
phocyte subpopulations: T, B lymphocytes, NKT cells
(CD3+ CD56+) and T-regulatory cells (CD4 + CD25 +
FoxP3 +). Statistical analysis was done in computer pro-
gram Statistica 7.1 (StatSoft, Inc., Tulsa, OK, USA).
Graphs and tables were done in computer program Micro-
soft Excel.

Results

In figure 1 are shown the changes in phenotype of pa-
tients with colorectal cancer during six postoperative
days.

The percentage of total T lymphocytes (CD3+ cells)
are statistically significantly diminished in patients with
colorectal cancer before the operation, as well as during
six postoperative days, but interestinglly, the 6th postop-
erative day, the values were higher than in the 1st day, in-
dicating that in the recovery period CD3+ are the first
subpopulation which is started to emerge. All other sub-
populations (T helpers-CD4+ cells, T cytotoxic cells-CD8+
and B lymphocytes-CD19+) remain lower during first six
days. NK (CD3-CD56+ cells) and NKT (CD3+ CD56*
cells) subpopulations were significantly lower in patients
undergoing intravenous analgesia than in patients in
which used epidural pain management technique (Fig-
ure 2).

During analgestic period of six days only in patients
with epidural analgesia we have noticed augmentation of
NK and NKT cells.

Similar situation we have seen in the proportion of
regulatory T cells (CD3+CD25+FoxP3+). Patients with
colorectal cancer have statistically higher proportion of
Tregs than control group. In group with intravenous an-
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Fig. 1. The dinamic changes in phenotype of patients with colo-
rectal cancer during six postoperative days (*=p<0,05; **=p<0,01;

***p<0,001).
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Fig. 2. The frequency of changes of NK and NKT cells during
epidural/intravenous analgesia.



algesia at the 1st, as well at the 6th postoperative day, this
values very lower in comparison with the patients with
epidural analgesia (Figure 3).

Our data indicate that the patients with colorectal
cancer have significantly increased the percentage of
NK, NKT and Treg cells, which may interplay with the
number and function of other lymphocytes subpopu-
lation, as well as antigen presenting cells (APC), espe-
cially dendritic cells.

Discusion and conclusion

Tregs and NKT share common characteristics in their
ability to regulate the immune response: both cells can
suppress cytokine production and proliferation in target
tissues. The percentage of these cells of innate immunity
were higher in patients undergoing epidural analgesia,

which may interplay with the function of innate immune
response during recovery period after surgical operation
and their values might be used as a predictor marker. Ac-
cording to the fact that both of these subpopulation were
higher in patients with colorectal cancer, we can think
about NKT and Tregs-based immunotherapy or vaccine.
Despite enormous advancements in tumor immunology
over the last two decades, the cascade of molecular events
leading to immune-mediated tumor rejection is still in-
completely understood and clinical results achieved with
cancer vaccines are limited17. Nowdays, many recent
studies tend to focus on three main areas that are of par-
ticular interest for the development of new vaccination
strategies: (a) cellular molecular mechanisms of immune
tolerance to malignant cells, (b) synergism between the
innate and acquired immune responses, and (c) interac-
tion tumors and the immune system within the tumor
microenvironment17. The appropriate postoperative pain
management by epidural analgesia can modulate cell me-
diated immunity of these patients after colorectal sur-
gery. These proportions depend of the status of illness
and distinguish between the first and the 6th postopera-
tive day. The data emphasize that during the postopera-
tive pain management, epidural analgesia prevents some
immune dysfunctions, contributing to the more efficient
postoperative recovery than the patients undergoing in-
travenous analgesia.
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Fig. 3. The changes in percentage of Tregs cells in patients with
colorectal cancer during epidural/intravenous analgesia.



ME\UDJELOVANJE NKT I REGULACIJSKIH T STANICA (TREGS) PRI MODULACIJI
IMUNOLO[KOG ODGOVORA U BOLESNIKA S RAKOM DEBELOG CRIJEVA TIJEKOM
RAZLI^ITIH ANALGETSKIH TEHNIKAMA

S A @ E T A K

NKT i regulacijske T stanice (Tregs) igraju va`nu ulogu u uro|enom imunolo{kom odgovoru. Stanice prirodne ubo-
jice (NK) i NKT stanice su neophodni ~imbenici u tijelu tijekom obrane od razvoja tumora, kao i tijekom virusne infek-
cije. NKT stanice su subpopulacija T stanica koja dijeli svojstva prirodnih stanica ubojica i konvencionalnih T stanica.
Uklju~ene su u uro|eni imunolo{ki odgovor, tumorsko odbijanje, u imunoterapiji nakon transplantacije, imunolo{kom
nadzoru i kontrolu autoimunih bolesti. One tako|er mogu igrati i za{titnu, ali i {tetnu ulogu u napredovanju odre|enih
autoimunih bolesti, kao {to su dijabetes, lupus, ateroskleroza, te alergenom-uzrokovana astma. Imunolo{ki nadzor
uklju~uje proces u kojem prekancerozne i maligne stanice bivaju prepoznate od strane doma}ina kao {tetne te imu-
nolo{ki sustav te`i njihovom uklanjanju. Citotoksi~ni u~inak farmakolo{kih tehnika ubla`avanja poslijeoperacijske boli
u bolesnika s malignih bolestima je jo{ uvijek slabo poznat. U ovom istra`ivanju uspore|ivali smo u~inke dviju razli~itih
poslijeoperacijskih tehnika suzbijanja boli u bolesnika podvrgnutih operaciji karcinoma debelog crijeva. Na{i podaci
pokazuju da pacijenti s karcinomom debelog crijeva imaju znatno pove}ani postotak Tregs i NKT stanice. Vrijednosti su
bile statisti~ki zna~ajno vi{a tijekom epiduralne analgezije u usporedbi s intravenskom analgezijom, {to zna~i da epidu-
ralna tehnika suzbijanja boli pobolj{ava imunosupresiju nastalu tijekom operativnog zahvata.
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