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Propofol anesthesia and sedation are known to downregulate the functions of many hematopoietic cells,
such as macrophages and neutrophils, in vivo. However, the effects of propofol on secretion of the regu-
latory cytokine transforming growth factor B1 (TGF-B1) in vivo are unknown. In this study, the effects of
propofol on TGF-B1 expression in human peripheral blood mononuclear cells, umbilical vein endothelial

cells (HUVECs), lymphocytes (Jurkat) and monocytes (THP-1) were tested. Moreover, these sera were also
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tested for regulatory activity on monocyte endocytosis with or without treatment with the TGF-B1 path-
way inhibitor SB431542. Propofol raised levels of both total and activated TGF-B1 in propofol-treated
patient sera after surgical operations. Furthermore, propofol induced secretion of latent TGF-B1 in HUVEC
cells and enhanced TGF-B1 activation in THP-1 and Jurkat cells in vitro. Additionally, sera from propofol-
treated patients suppressed monocyte endocytosis ex vivo, an effect that was abrogated by the TGF-p1
pathway inhibitor SB431542.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Propofol (2,6-diisopropylphenol) is one of the most popular
agents used to induce anesthesia in surgical procedures for long-
term sedation and to treat postoperative nausea in critically-ill
patients [1-3]. It is known that propofol could affect the immune
system in numerous ways. In clinical studies, propofol decreased
necrophagocytosis and microbicidal activity, but increased tumor
necrosis factor-o (TNF-at) and interleukin-1p (IL-1B) gene expres-
sion in patient alveolar macrophages [4,5]. In laboratory studies,
propofol inhibited immunological activities of isolated human neu-
trophils as well as the migratory activity of isolated human leuko-
cytes through an endothelial cell monolayer [6,7]. Furthermore,
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propofol enhanced lipopolysaccharide (LPS)-stimulated TNF-o
and IL-1B but reduced LPS-stimulated IL-8 expression [8,9]. How-
ever, propofol also reduced LPS-induced expression of CD14, while
HLA-DR expression was unaffected [10]. There is no mechanism
explaining the contradictory effects of propofol on the immune
regulation and inflammation induced by LPS.

To date, no studies have addressed the correlations between
propofol and TGF-f1 expression. It is known that TGF-B1 regulates
immune processes in vivo and that overproduction of TGF-$1 may
be associated with immune suppression. TGF-B1 has been consid-
ered one of the major cytokines capable of suppressing T cell pro-
liferation and macrophage activation [11-13]. In mammalian cells,
the presence of TGF-B1 is required for the proper folding and secre-
tion of TGF-B1 which is non-covalently associated with the pro-
domain (latency-associated peptide, LAP) in a “latent” form. In this
form, TGF-B1 is unable to bind receptors until it is activated,
becoming the mature 25 kD form of TGF-B1. Activation of latent
TGF-B1 has been studied extensively in vivo; altered pH, heat, pro-
teases or chemotropic agents have all been shown to release active
TGF-B1 from the latent complex [14,15].

In this study, we examined the effects of propofol treatment on
total and active TGF-B1 levels in patient sera. We found that
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human peripheral blood mononuclear cells, lymphocytes, mono-
cytes and vein endothelial cells responded to propofol treatment,
expressing the TGF-B1 in vitro. We also evaluated the immuno-
modulatory activity of propofol-induced TGF-B1 expression on
monocyte endocytosis. Our results indicated that propofol could
induce endothelial cells to produce latent TGF-B1 and enhance
the ability of PBMCs to convert it into its active form. Moreover,
propofol-induced TGF-B1 expression in patient sera suppressed
monocyte endocytosis.

2. Material and methods
2.1. Patient sera

This study was approved by the Human Research Ethics
Committee of the Tzu Chi Medicine Center Hospital, Hualien,
Taiwan. Sera from 32 trauma patients or healthy volunteers and
heparinized white blood cell concentrates from three healthy vol-
unteers were obtained after receiving institutional approval and
written informed consent from the participants. All medical proce-
dures followed the standard guidelines. Sera from patients, who
were randomly selected with respect to age, sex, department, diag-
nosis and operations (Table 1), were collected within 48 days of
surgical operation and divided into two groups. Eight trauma pa-
tients were excluded due to co-administration of other anesthetics
during the experimental period. Propofol-treated individuals
received a daily intravenous injection of propofol for a minimum
of 2 days (n = 14). Untreated individuals did not receive any intra-
venous injection of propofol (n=10).

2.2. Cell lines

THP-1 and Jurkat cells were obtained from the Bioresource
Collection and Research Center, Hsinchu, Taiwan. Primary cultures

Table 1
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of HUVECs were kindly provided by Dr. Ko-Jiunn Liu (Nation
Health Research Institute, Chunan, Taiwan). HUVECs were grown
in 199 Medium (Gibco, Invitrogen Co., Grand Island, NY) supple-
mented with 20% fetal bovine serum, 25 units/ml heparin (Sigma,
St. Louis, MO) and 30 pg/ml endothelial cell growth supplements
(Sigma), according to the instructions of the American Type Culture
Collection, Manassas, VA. Cells from passages 3 to 7 were used for
experiments.

2.3. Human peripheral blood mononuclear cells isolation

Human peripheral blood mononuclear cells were separated
from white blood cell concentrates of healthy donors by Ficoll-
Paque PLUS (GE Healthcare, Chicago, IL). The process is described
briefly below. Fresh human white blood cell concentrates (pre-
treated with anticoagulant) were mixed with the same volume of
PBS. Then, the diluted blood samples were carefully layered on
Ficoll-Paque PLUS and centrifuged at 2000 rpm for 20 min at
18 °C. The upper layer was drawn off carefully. The white layer
(mainly lymphocytes) and yellow Ficoll-Paque PLUS layer (con-
tained monocytes and neutrophils) were carefully transferred to
a clean centrifuge tube without contaminating the lower layer. A
minimum of three volumes of PBS were added to gently suspend
the cells followed by centrifugation at 405g for 10 min at 18 °C.
The supernatant was removed and the cells were washed again
with PBS. Finally, the cells were suspended in RPMI 1640 (with
10% FBS and 1% PSA) for the study.

2.4. Human TGF-$1 measurement

Human peripheral blood mononuclear cells, Jurkat and THP-1
cells were seeded at a density of 2 x 10° cells in 1 ml growth med-
ium. Each culture was co-incubated with propofol for 24 h at final
concentrations of 0.45, 2 and 6.5 pg/ml, which approximate the

The patients were randomly selected with different ages, sex, department, diagnosis, and operation from the Tzu Chi Medicine Center Hospital, Hualien, Taiwan. “PS: plastic
surgery; CVS: cardiovascular; GS: general surgery; NS: neurosurgery and CS: chest surgery”. +: represents that the patient received propofol during care medication. —: represents

that the patient did not receive the propofol during care medication.

No. Age Sex Department Diagnosis Operation Propofol
1 45 M PS Lip cancer Free flap +
2 65 M PS Hypopharyngeal cancer Free flap +
3 40 M PS Oral submucous cancer Wound excision and free flap +
4 74 M CVs Coronary artery disease Coronary artery bypass graft +
5 25 M GS Internal bleeding Exploratory laparotomy B-2 +
6 73 M CVs Coronary artery disease Coronary artery bypass graft +
7 61 M CVs Coronary artery disease Coronary artery bypass graft +
8 74 M CVs Coronary artery disease Coronary artery bypass graft +
9 45 E NS Right intracranial hemorrhage 1. Removal of intracranial hemorrhage +

2. External ventricular drainage monitor
10 41 M NS 1. Intracranial hemorrhage 1. Remove of intracranial hemorrhage >
2. Epidural hematoma 2. Intracranial pressure monitor

11 49 M CVs Coronary artery disease Coronary artery bypass graft +

12 51 B NS Intracranial hemorrhage Stereo static aspiration +

13 58 M CVs Coronary artery disease Coronary artery bypass graft +

14 68 M CVs Coronary artery disease Coronary artery bypass graft +

15 46 M NS 1. Head injury External ventricular drainage -

2. Central nervous system injury
16 53 M Ccs Old pulmonary tuberculosis Thoracotomy -
17 45 M GS 1. Duodenal ulcer with acute bleeding Transesophageal angiography -
2. Empyema of right lung
18 62 F CcSs 1. Chest contusion Embolectomy -
2. Aortic dissection aneurysm
3. Inferior vena cava obstruction

19 64 M CS Esophageal cancer -

20 64 M CVs Congestive heart failure Coronary artery bypass graft -

21 38 M CvVs Chemical burn corrosive injury of upper -

gastrointestinal tract

22 73 B CVs Coronary artery disease Coronary artery bypass graft -

23 82 M GS Stomach cancer with liver metastasis Exploratory laparotomy for tumor excision -

24 19 M CvVs Atrial septal defect Repair -




C-H. Li et al./ Cytokine 52 (2010) 203-209 205

maximum therapeutic dosages of propofol for postoperative nausea
and vomiting [3], for sedation [2], and for anesthesia [1,16], respec-
tively. HUVECs (3 x 10° cells, 600 ul) were seeded in a gelatin-
coated plate and co-incubated with 6.5 pg/ml propofol. After 24 h
incubation, supernatants were collected (Day 1 group) or the same
amount of propofol was added again and the supernatants were col-
lected after incubating for another 24 h (Day 2 group).

Human TGF-B1 in culture supernatants and human sera was
measured by TGF-p1 Emax ImmunoAssay System (Promega,
Madison, WI) as per the manufacturer’s instructions. Briefly,
human sera were diluted in PBS and sample buffer. Cell culture
supernatants were not diluted. Samples were acidified to approxi-
mately pH 2.6 with 1 M HCl and then neutralized to approximately
pH 7.6 with 1 M NaOH to measure the total TGF-1. Amounts of
active TGF-B1 were measured without acidification.

2.5. Endocytosis activity measurement

THP-1 cells (3 x 10° cells, 300 ul) were seeded in RPMI 1640
without FBS and 300 pl HUVEC-conditioned medium from the
Day 2 group was added for 16 h. Co-culturing HUVEC-conditioned
medium without propofol treatment served as the control group,
while co-culturing HUVEC-conditioned medium with propofol
(6.5 ng/ml) served as the propofol group. Cells were harvested
and centrifuged (405g, 4 °C, 5 min). The supernatant was discarded
and 180 pl fresh medium was added to resuspend the cells. The
cells were pre-cooled at 0 °C for 5 min and then co-incubated with
dextran-fluorescein isothiocyanate solution (dextran-FITC, 1 mg/
ml) at 0 or 37 °C for 2 h. The cells were washed with PBS three
times and analyzed by flow cytometry (BD Biosciences, San Diego,
CA). Dextran-FITC uptake was represented as the total FL-1 fluores-
cence intensity. However, total FL-1 fluorescence intensity at 0 °C
was considered to be nonspecific dextran-FITC uptake and was
subtracted. Thus, specific dextran-FITC uptake of each example
was expressed as the total FL-1 fluorescence intensities at 37 °C
minus total FL-1 fluorescence intensities at 0 °C. Relative endocyto-
sis activity = (specific dextran-FITC uptake of sample/specific dex-
tran-FITC uptake of control) x 100%.

Patient sera from each group (propofol-treated and control)
were mixed. 3 x 10° THP-1 cells were seeded and cultured in dif-
ferent conditions for 16 h as described below: (a) Control group:
THP-1 cells were cultured in 600 pl serum-free RPMI 1640. (b)
SB431542 group: THP-1 cells were cultured in 600 pl serum-free
RPMI 1640 with 15 pM SB431542 (Sigma, Louis, MO). (c¢) Propofol
group: THP-1 cells were cultured in 300 pl serum-free RPMI 1640
mixed with 300 pl human sera from propofol-treated patients. (d)
Propofol SB431542 group: THP-1 cells were cultured in 300 pl
serum-free RPMI 1640 mixed with 300 pl human sera from propo-
fol-treated patients and 15 puM SB431542. (e) Untreated group:
THP-1 cells were cultured in 300 pl serum-free RPMI 1640 mixed
with 300 pl human sera from untreated patients. (f) Untreated
SB431542 group: THP-1 cells were cultured in 300 pl serum-free
RPMI 1640 mixed with 300 pl human sera from untreated patients
and 15 pM SB431542. Then, the relative endocytic activity was as-
sayed as described above.

2.6. Statistical analysis

All data are expressed as means + SE. When measuring human
TGF-B1 expression in patient sera, the sample size consisted of 14
propofol-treated patients and 10 untreated patients; each sample
was measured using two independent ELISAs. The Kruskal-Wallis
test was used to compare differences between groups. All other
in vitro data were compared using Student’s t-test. Data regarding
TGF-B1 expression in human peripheral blood mononuclear cells
exposed to conditioned medium were obtained from two inde-

pendent experiments and duplicated in each group (n=4). Data
regarding TGF-B1 expression in Jurkat, THP-1 and HUVEC exposed
to conditioned medium were obtained from three independent
experiments and duplicated in each group (n = 6). Data regarding
pinocytic activity of THP-1 cells co-cultured with conditioned HU-
VEC medium were obtained from two independent experiments
and duplicated in each group (n=4). Data regarding pinocytic
activity of THP-1 cells co-cultured with patient sera were ob-
tained from three independent experiments and duplicated in
each group (n = 6). Statistical significance was set at p < 0.05.

3. Results

3.1. Intravenous injection of propofol during medical procedures
increased levels of both total and active TGF-f1 in patient sera

In order to study the immunoregulatory effects of propofol, we
assessed the effect of propofol treatment on the expression of the
inhibitory cytokine TGF-B1. Sera from randomly-selected trauma
patients (Table 1)in Tzu Chi Medicine Center Hospital were obtained
and the expression of TGF-B1 was measured. All medical procedures
followed standard guidelines. Sera from patients with different dis-
eases and medical processes were collected daily for two consecu-
tive days after surgery and divided into two groups according to
whether or not the patients had intravenous injections of propofol
(n=14)or not (n = 10). Results showed that propofol injections sig-
nificantly increased total amounts of TGF-B1 in patient sera com-
pared to untreated controls (Fig. 1A). In addition, levels of active
TGF-B1 also increased significantly during the first and second days
of propofol injection (Fig. 1B). Moreover, levels of total and active
TGF-B1 in sera from healthy donors (n = 8) were also determined,;
the concentrations were 28.62 + 3.29 ng/ml for total TGF-B1 and
0.530 + 0.016 ng/ml for active TGF-B1 (results not shown). Accord-
ing to these results, clinical propofol administration could increase
expression of both total and active TGF-B1 in patients after surgery.

3.2. Clinical dosages of propofol did not have significant effects on total
TGF-B1 expression in human peripheral blood mononuclear cells

To verify which type of cells can increase the production of TGF-
B1 following intravenous injections of propofol, human peripheral
blood mononuclear cells (PBMCs) were tested for their ability to
express TGF-B1 by direct in vitro propofol treatment. The results
showed that propofol did not affect total TGF-B1 levels at all
(Fig. 2A), whereas a minor increase was observed (Fig. 2B) follow-
ing treatment with 6.5 pig/ml propofol.

3.3. Clinical dosages of propofol slightly reduced levels of total TGF-p
but increased levels of active TGF-$ in conditioned media from Jurkat
and THP-1 cells

Because human PBMCs contain different types of immune cells,
human T lymphocytes (Jurkat cells) were first tested to determine
whether they can convert latent TGF-B1 into its active form follow-
ing propofol stimulation. The results showed that total amounts of
TGF-B1 were not significantly changed following treatment with
0.4 or 2 pg/ml propofol, but were slightly reduced following treat-
ment with 6.5 pig/ml propofol (Fig. 3A). Similar to the PBMC findings,
we found that the amounts of active TGF-B1 in Jurkat-conditioned
media were also slightly increased following 6.5 pg/ml propofol
treatment (20.85 +3.24 pg/ml compared to 13.13 +4.2 pg/ml in
the control group) (Fig. 3B).

Additionally, human monocytic THP-1 cells were also further
investigated to determine whether propofol could affect TGF-p1
expression in these cells. Similar to Jurkat cells, our results showed
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Fig. 1. Intravenous injection of propofol during medical procedures increased both total and active TGF-B1 in patient sera. (A) Total TGF-B1 and (B) active TGF-B1 in the
patient sera, which was collected daily for 2 days after surgical operation. TGF-B1 levels were measured by ELISA. Black and white bars represent treated and untreated
patients, respectively. (*p < 0.05 indicates a significant difference between the two indicated groups.)

that the total amounts of TGF-B in THP-1-conditioned media were
decreased and the levels of active TGF-B1 were increased (Fig. 4). In
contrast to Jurkat cells, our results showed that propofol treatment
increased the levels of active TGF-B1 in a dose-dependent manner.

3.4. Propofol induced the expression of latent, but not active, TGF-1 in
human umbilical vein endothelial cells

To determine which type of cell was associated with latent TGF-
B1 induction following intravenous propofol injection, human
blood vessel endothelial cells were tested. Because 6.5 ig/ml pro-
pofol had significant effects in earlier experiments, HUVECs were
therefore treated with 6.5 pg/ml propofol, and the results showed
that propofol increased the total TGF-B1 expression on Day 1 and
Day 2 groups compared to the control group, respectively
(Fig. 5A). However, changes in the levels of active TGF-p1 were
not significant in the Day 1 and Day 2 groups compared to the con-
trol group, respectively (Fig. 5B). Thus, we suggest that propofol in-
duces latent TGF-p secretion but did not affect TGF-B1 activation in
human vein endothelial cells.

3.5. Propofol-induced TGF-$1 has inhibitory effects on the endocytosis
of monocytic THP-1 cells

To verify whether propofol-treated, HUVEC-conditioned media
has immunological activity, the endocytic activity of THP-1 cells

was assessed by dextran-FITC uptake as described above. The results
showed that the propofol-treated, HUVEC-conditioned medium
inhibited the endocytic activity of THP-1 cells by about 18% (Fig. 6).

Finally, to confirm whether propofol-induced TGF-B1 expres-
sion could inhibit endocytic activities of monocytes, patient sera
from each group (with or without propofol treatment) were mixed.
After co-culture with propofol-treated patient sera, endocytic
activity of THP-1 cells was significantly reduced in the propofol-
treated group compared to the control group, but the endocytic
activity of THP-1 cells was not significantly reduced in the un-
treated group compared to the controls. However, addition of
SB431542, a potent inhibitor of TGF-B receptor-associated kinase
ALK-5 [17], resulted in dramatic recovery of endocytic activity in
the propofol group. However, endocytic activities were unchanged
with or without SB431542 in the untreated group. In addition, no
significant difference was found between the untreated and the
control groups, suggesting that sera from propofol-treated patients
inhibited the endocytic activity of monocytes ex vivo due to the
contributions of TGF-f1.

4. Discussion

In this study, we found that both latent and active TGF-B1 were
induced by clinical doses of propofol in human sera (Fig. 1). This
induction was mediated by two different mechanisms. First, pro-
pofol induced endothelial cells to secrete increased levels of latent
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TGF-B1 (Fig. 5); second, propofol induced T lymphocytes (Fig. 3)
and monocytes (Fig. 4) to activate the surrounding latent TGF-p1.
Inhibition of the TGF-B pathway using the inhibitor SB431542 indi-
cated that propofol-induced TGF-B1 in patient sera mediated sup-
pression of monocyte endocytosis in vitro (Fig. 7).

Monocytes mediate many innate immune responses. Reducing
the endocytic activity of monocytes and macrophages might have
negative effects on antigen uptake, presentation and immune acti-
vation. In addition, it seems that propofol-induced TGF-B1 could
inhibit or downregulate phagocytosis, production of reactive nitro-
gen intermediates, TNF-o. expression, common y-subunit expres-
sion and TLR signaling pathways in monocytes [13,18,19]. Thus,
the inhibitory activities of TGF-B1 on monocytes may play a key
role in suppressing inflammatory responses after clinical adminis-
tration of propofol.

There are two arguments about the effect of propofol on im-
mune activity. First, there are conflicting conclusions about the ef-
fect of propofol on LPS-induced inflammatory responses. Propofol
could attenuate CD14 expression on the surface of LPS-stimulated
monocytes to reduce inflammatory responses [10]. In addition,
propofol also protects endothelial cells against LPS-induced barrier
dysfunction by inhibiting NF-kB activation [20]. However, propofol
also was reported to reinforce the effects of LPS-induced proin-
flammatory cytokines, including TNF-o and IL-1B, which induce
or enhance inflammatory responses through NF-xB activation
[8,21,22]. Based on our findings, the bioactive TGF-B1 induced by
propofol might help to explain the controversial effects of propofol
found in previous literature. Studies had shown that propofol can
increase the LPS-stimulated proinflammatory cytokine expression
by activating the NF-xB pathway; this might be caused by the tran-
sient effects of propofol-induced TGF-B1 on NF-kB activation
[21,23]. However, TGF-B1 is a multifunctional cytokine and has
been reported to decrease NF-kB activity with or without LPS stim-
ulation [24,25]. Thus, the controversial effects of propofol might be
due to TGF-B1 induction. Propofol could induce secretion of latent
TGF-B1 and enhance conversion of latent TGF-B1 into its active
form. Consequently, differences in dosage, target cells, and cell
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culture conditions would affect the synergistic effect of propofol-
induced TGF-B1 and result in different experimental outcomes.

A secondary controversial phenomenon is the effect of propofol
on immune cell activity. Although many proinflammatory cyto-
kines, such as TNF-a, which could increase the activities of granu-
locytes and monocytes are induced by propofol [26], propofol
treatment was found to downregulate the activities of many hu-
man immune cells, including leukocytes, lymphocytes, monocytes,
macrophages and neutrophils in many laboratory studies and clin-
ical observations [4,6,7,10,27,28]. Our findings could provide possi-
ble explanations to these studies. Prolonged existence of propofol
in the sera could induce endothelial cells to produce latent TGF-
B1 and enhance the ability of PBMCs to convert latent TGF-B1 into
its active form. Thus, propofol-induced proinflammatory cytokines
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Fig. 7. Sera from propofol-treated patients inhibited endocytic activities of THP-1
cells. THP-1 cells cultured in sera-free RPMI 1640 served as the control group.
THP-1 cells co-cultured with propofol-treated patient sera served as the propofol
group and THP-1 cells co-cultured with untreated patient sera served as the
untreated group. Quantifications of the fluorescence intensity were calculated as
stated above. Black and white bars represent THP-1 cells cultured without or with
SB431542, respectively. (*p < 0.05 indicates a significant difference between the
two indicated groups.)

may be counteracted by continuous production of latent and active
TGF-B1 [29-31]. Such a mechanism could explain the suppressive
effect of propofol on immune function among surgical or general
care patients.

Thus, our results in this study should be valuable for patients
receiving propofol treatment during medical operations, as their
innate immunity could be compromised due to propofol-induced
active TGF-B1. On the disadvantageous side, these patients could
be more susceptible to opportunistic infections by certain patho-
gens, such as Staphylococcus aureus, due to the immunosuppressive
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effects of TGF-B1. However, these patients would have a lower risk
of death as a result of endotoxin sepsis due to of propofol’s antag-
onizing effects on TNF-o [32].

In addition to immune regulation, TGF-B1 also plays a crucial
role in a range of biological processes, including regulation of tis-
sue repair, extracellular matrix accumulation, angiogenesis and
fibrosis progression [33,34]. Evidence indicates that the TGF-$
pathway involves Smad3 and Smad2 and is pivotal in progressive
fibrosis, having profound effects on the induction of myofibro-
blasts, enhancement of matrix synthesis, and inhibition of collagen
breakdown. Thus, it should be noted that long-term sedation with
propofol may put patients at a higher risk of TGF-B-mediated fibro-
sis [35,36].

In contrast, propofol-induced TGF-B1 could be considered ben-
eficial immediately post-operation. It was clear from studies in
TGF-B1-deficient mice that TGF-B1 is necessary for wound healing
and may also accelerate healing [37]. Such findings imply that clin-
ical dosages of propofol could promote recovery of trauma pa-
tients. In fact, propofol anesthesia, as compared to the conscious
state, has the potential to offer a certain degree of protection
against neuron damage and burn injury [38,39]. Therefore, further
studies are needed to investigate the advantages of propofol use in
surgery and intensive care.

In this study, we demonstrated that clinical doses of propofol
could induce endothelial cells to express latent TGF-B, which was
converted into active TGF-B by PBMCs in vivo. Furthermore, propo-
fol-induced TGF-B1 suppressed monocyte phagocytosis in vitro. It
will be worthwhile to investigate the mechanism by which propo-
fol induces TGF-B1 expression in future studies. These advanced re-
sults could yield clues to preventing the side effects of propofol and
strengthening its medical effects for patients.
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