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Abstract 

Background and Aim: NK cells are one of the major immune cells in endometriosis patho-
genesis. While previous clinical studies have shown that helixor A to be an effective treatment for 
endometriosis, little is known about its mechanism of action, or its relationship with immune cells. 
The aim of this study is to investigate the effects of helixor A on Natural killer cell (NK cell) cy-
totoxicity in endometriosis 
Materials and Methods: We performed an experimental study. Samples of peritoneal fluid were 
obtained from January 2011 to December 2011 from 50 women with endometriosis and 50 
women with other benign ovarian cysts (control). Peritoneal fluid of normal control group and 
endometriosis group was collected during laparoscopy. Baseline cytotoxicity levels of NK cells 
were measured with the peritoneal fluid of control group and endometriosis group. Next, cy-
totoxicity of NK cells was evaluated before and after treatment with helixor A. NK-cell activity 
was determined based upon the expression of CD107a, as an activation marker.  
Results: NK cells cytotoxicity was 79.38±2.13% in control cells, 75.55±2.89% in the control 
peritoneal fluid, 69.59±4.96% in endometriosis stage I/II endometriosis, and 63.88±5.75% in stage 
III/IV endometriosis. A significant difference in cytotoxicity was observed between the control cells 
and stage III/IV endometriosis, consistent with a significant decrease in the cytotoxicity of NK cells 
in advanced stages of endometriosis; these levels increased significantly after treatment with he-
lixor A; 78.30% vs. 86.40% (p = 0.003) in stage I/II endometriosis, and 73.67% vs. 84.54% (p = 0.024) 
in stage III/IV. The percentage of cells expressing CD107a was increased significantly in each group 
after helixor A treatment; 0.59% vs. 1.10% (p = 0.002) in stage I/II endometriosis, and 0.79% vs. 
1.40% (p = 0.014) in stage III/IV. 
Conclusions: Helixor A directly influenced NK-cell cytotoxicity through direct induction of 
CD107a expression. Our results open new role of helixor A as an imune modulation therapy, or 
in combination with hormonal agents, for the treatment of endometriosis. 
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INTRODUCTION 
Endometriosis is a poorly understood disease 

characterized by the ectopic growth of endometrial 
cells in the pelvic cavity or other extrauterine sites. 
This widespread, estrogen-dependent disease is 
found in upwards 10% of all reproductive-age fe-

males, including 35-50% of those suffering from 
chronic pelvic pain and infertility [1-3]. 

Recently studies examining the immunologic 
changes associated with endometriosis have demon-
strated the importance of two major immune cells in 
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disease pathogenesis: macrophages and NK cells. The 
number of macrophages has been shown to be in-
creased in the peritoneal fluid of patients with endo-
metriosis [4]; however, these cells failed to act as 
scavengers of endometrial tissues. Instead, these 
macrophages facilitated the proliferation of endome-
trial cells by secreting a number of cytokines, growth 
factors, and prostaglandins [5]. In contrast, the num-
ber of NK cells appears to be decreased in both the 
blood and peritoneal fluid of these patients [6], along 
with an overall decrease in NK-cell activity [6-8]. 
These results have been replicated in a number of 
other studies [9, 10], with the decrease in NK-cell ac-
tivity being inversely proportional to severity of the 
disease [11]. Similar effects have not been seen for B 
cells, with conflicting results regarding the changes in 
B-cell populations [12, 13]. 

Mistletoe extracts have been shown to exert a 
wide range of immunologic effects, including in-
creases in macrophage activity, proliferation of neu-
trophils, C-reactive protein levels, cytotoxic comple-
ment activation, and NK-cell cytotoxicity by inducing 
CD3+CD4+ T cells to release IFN-γ [14]. Based upon 
these findings, a variety of mistletoe formulations 
have been investigated for the treatment of breast and 
colorectal cancer, with preliminary results suggesting 
efficacy in both the treatment of cancers and the pre-
vention of recurrence [15].  

Helixor A is a whole-plant extract of the white 
mistletoe tree (Viscum album abietis). In this study we 
chose to evaluate the effects of helixor A on NK cells 
harvested from the peritoneal fluid of female patients 
with chronic recurrent endometriosis, and in those 
who have responded poorly to existing treatments. 
The mechanism by which helixor A affects NK cell 
cytotoxicity was also examined. 

 The aim of this study was to confirm a decrease 
in the cytotoxicity of NK cells in the peritoneal fluid of 
endometriosis patients. Furthermore, we sought to 
investigate the effects of helixor A on NK-cell cyto-
toxicity by comparing the expression of the activation 
marker CD107a before and after helixor A treatment. 
Together, these results provide insight into the 
mechanisms of disease pathogenesis, and suggest a 
role for helixor A in the treatment of acute and recur-
rent endometriosis. 

MATERIALS AND METHODS 
Peritoneal fluid collection 

We collected peritoneal fluid from 100 females 
between the ages of 20 and 40, who underwent lapa-
roscopic surgery for endometriosis or other benign 
diseases such as ovarian dermoid cysts or uterine 
leiomyoma between January and December 2011. All 

the 50 patients selected as cases had ednometriosis 
and all 50 patients selected as controls had ovarian 
dermoid cysts or uterine leiomyoma. This study was 
approved by the Institutional Review Board of the 
Catholic university of Korea according to the Bioeth-
ics and Safety Act and Declaration of Helsinki (IRB 
ID-DC12TAS10022). Patients reporting additional 
diseases of the uterus and adnexa, infectious diseases, 
previous endometriosis treatment, autoimmune dis-
eases, or other malignancies were excluded from the 
study. These patients underwent surgery during early 
proliferative phase of the cycle without previous 
hormone therapy. All operations were performed 
laparoscopically. Under general anesthesia, a pneu-
moperitoneum was formed using a penetration tube, 
creating a cavity from which untreated peritoneal 
fluid could be collected. Out of the 50 cases patients, 
only 12 patients with endometriosis were selected for 
the study, and of the 50 patients selected as control, 3 
with ovarian dermoid cysts and 3 with uterine leio-
myoma were included in study. The harvested peri-
toneal fluid was then centrifuged at 1,300 rpm for 5 
min, and the supernatant stored at -70°C. The clinical 
stages of endometriosis were determined using the 
revised American Society for Reproductive Medicine 
classification system. Patients were divided into two 
groups; group A comprised patients in stage I (n=7), 
and group B comprised patients in stage IV (n=5). 

Cell Culture and Treatment 
NK-92 cells (CRL-2407TM, Korea Research Insti-

tute of Bioscience & Biotechnology Bio-Resource 
Center) were cultured at a concentration of 5×105 /mL 
in α-MEM media supplemented with 20% fetal bovine 
serum (FBS), 10 ng/mL IL-2, and antibiotics at 37°C in 
a 5% CO2 incubator. K562 cells (ATCC, USA) were 
cultured as target cells in DMEM/F12 media sup-
plemented with 10% FBS and antibiotics at 37°C in a 
5% CO2 incubator. 1×104 cells (CON) were cultured in 
96-well plates (Costar Products, Cambridge, MA, 
USA) and treated with 10% each of control peritoneal 
fluid (CP), endometriosis stage I/II (EPI) peritoneal 
fluid, and endometriosis stage III/IV (EPIV) perito-
neal fluid for 24 h. After cell culture, wells were 
treated with 100, 200, 500, and 1000 ng/mL helixor A 
for 24 h. NK-cell cytotoxicity was then assessed to 
determine the optimum concentration of helixor A. 
Helixor A® (Boryung Co. Seoul, Korea) is used as a 
mistletoe. 

NK-cell Cytotoxicity Assay 
K562 cells sensitive to NK-cell cytotoxicity were 

used as target cells. For NK-cell assays, 2.5×105 effec-
tor cells in medium alone or in medium supple-
mented with PF (10% peritoneal fluid), were 
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co-incubated with 1×104 K562 target cells in a final 
volume of 200 µL in 96-well round-bottom plates for 
24 h at 37°C in a 5% CO2 humidified incubator. Cell 
density was assessed by incubating cells with 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl–tetrazolium 
bromide (MTT, Colorimetric assay kit, Chemicon Inc., 
CA, USA) for 2 h. The optical density of each well was 
determined at 450 nm. Cytotoxic activity is expressed 
as the percentage of total cytotoxicity by the following 
formula: % Cytotoxicity = {1-O.D. of [(target cells + 
effector cells)- effector cells] / O.D. of target cells} × 
100. 

Flow Cytometric Analysis of NK-cell Apoptosis  
Cells (1×104; CON) were cultured in six-well 

plates and treated with 10% each of control peritoneal 
fluid (CP), endometriosis stage I/II (EPI) peritoneal 
fluid, and endometriosis stage III/IV (EPIV) perito-
neal fluid for 24 h, and then treated with 200 ng/mL 
of helixor A for 24 h. The cells were washed with cold 
PBS and bovine serum, and resuspended in 1× bind-
ing buffer at a concentration of 1× 106 cells/mL. Next, 
100 µL of the solution (1× 105 cells) were transferred to 
a 5-mL culture tube, to which 5-µL FITC Annexin V 
and 5-µL propidium iodide (PI) were added [16]. The 
cells were stirred gently, incubated at RT (25°C) in the 
dark for 15 min, and 400 µL of 1×  binding buffer were 
added to each tube. NK-cell apoptosis was analyzed 
by flow cytometry (FACScan, Becton-Dickinson, 
Mountain View, CA, USA) within 1 h. 

Flow Cytometric Analysis of CD107a 
Expression 

CD107a is directly involved in the exocytosis of 
cytotoxic granules, and is therefore the preferred 
marker for examination of NK cell activation. The 

above solution (100 µL; 1×105 cells) was transferred to 
a 5-mL culture tube and treated with 20-µL 
CD107a-PeCy5 antibody (BD Biosciences, San Jose, 
CA)[17]. The cells were stirred gently, incubated at RT 
(25°C) in the dark for 45 min, and 400 µL of 1× binding 
buffer was added to each tube. CD107a expression 
was analyzed by flow cytometry within 1 h. 

Statistical Analysis 
Data were analyzed by one-way ANOVA using 

the SPSS version 18.0 software (SPSS Korea Data So-
lution Inc.). After comparing the standard error of the 
mean between groups, a value of p <0.05 was taken to 
indicate statistical significance. 

RESULTS 
The cytotoxicity of NK cells was measured using 

the immortalized myelogenous leukemia cell line 
K562 as a target. NK cells cytotoxicity was 79.38± 
2.13% in control cells, 75.55±2.89% in the control per-
itoneal fluid, 69.59±4.96% in endometriosis group A, 
and 63.88±5.75% in group B (Fig. 1). A significant dif-
ference in cytotoxicity was observed between the 
control cells and endometriosis group B, consistent 
with a significant decrease in the cytotoxicity of NK 
cells in advanced stages of endometriosis (p = 0.012). 

Next, we examined the effects of helixor A on 
NK-cell cytotoxicity. To determine the optimum dose, 
NK cells were treated with 100, 200, 500 and 1000 
ng/mL of helixor A concentrations, and assessed for 
cytotoxicity. No significant differences in NK-cell cy-
totoxicity were observed among the groups, although 
the highest level was in the 200 ng/mL helixor A 
treatment group (p = 0.232); this concentration was 
therefore used in all subsequent experiments. 

No significant difference in NK cell cytotoxicity 
was observed in control cells following he-
lixor A treatment (85.04±2.22% vs. 
87.60±2.82% for control and treatment, re-
spectively; p = 0.373). However, an increase 
was seen in the control peritoneal fluid 
group, with cytotoxicity increasing from 
81.64±3.41% to 87.75±2.27% (p = 0.012) fol-
lowing treatment. More pronounced effects 
were seen in the endometriosis groups with 
8% (78.30±4.00% vs. 86.40±4.64%; p = 0.003) 
and 9% (73.67±5.96% vs. 84.54±3.01%; p = 
0.024) increases in cytotoxicity in groups A 
and B, respectively. Together, these data are 
indicative of a proportional increase in he-
lixor-A-mediated NK-cell cytotoxicity ac-
cording to disease stage (Fig.2). 

Following treatment with helixor A, NK 
cells were also examined in terms of the ex-
pression of apoptotic markers. No significant 

 
Fig. 1. Assessment of NK-cell cytotoxicity in endometriotic peritoneal fluid. The 
cytotoxicity of NK cells decreased in proportion to the stage of endometriosis. Cytotoxicity 
of NK cells was decreased significantly in late-stage endometriosis patients (group B) relative 
to the cell control (CON). CON: cell control, CP: control peritoneal fluid, A: endometriosis 
stage I/II peritoneal fluid, B: endometriosis stage III/IV peritoneal fluid. *P < 0.05. 
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difference in NK cell apoptosis was seen in the cell 
control group before and after treatment (3.68±1.74% 
vs. 2.57±1.12%). Similar results were observed in the 
peritoneal control group (1.94±0.50% vs. 1.93±0.22%), 

as well as endometriosis groups A (1.74±0.26% vs. 
1.77±0.77%), and B (1.49±0.22% vs. 1.27±0.71%) for 
controls and treatments, respectively (p = 0.373; Fig. 
3). 

 

 
Fig. 2. Changes in NK-cell cytotoxicity after treatment with helixor A. Changes in NK-cell cytotoxicity were analyzed by flow cytometry before and after 
addition of 200 ng/mL helixor A. The cytotoxicity of NK cells was increased significantly in peritoneal controls and endometriosis. CON: cell control, CP: control 
peritoneal fluid, A: endometriosis stage I/II peritoneal fluid, B: endometriosis stage III/IV peritoneal fluid, +H: 200 ng/mL helixor A treatment. *P < 0.05. 

 
 
 
 
 

Fig. 3. Apoptosis of NK cells following 
treatment with helixor A. The rate of NK 
cell apoptosis was analyzed by FACS before and 
after treatment with helixor A. (A) No differ-
ences were seen in either early or late apoptosis, 
as measured by FITC Annexin V and propidium 
iodide staining (PI), respectively. (B) Comparison 
of the mean percentage of apoptotic cells before 
and after treatment. No significant differences in 
the mean percentage of apoptotic cells were 
seen before and after treatment with helixor A 
(CON: cell control, CP: control peritoneal fluid, 
A: endometriosis stage I/II peritoneal fluid, B: 
endometriosis stage III/IV peritoneal fluid, +H: 
200 ng/mL helixor A treatment). 
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Fig. 4. Expression of CD107a following treatment with helixor A. Expression of CD107a by NK cells was measured before and after treatment with helixor 
A. Significant increases in CD107a expression were observed following treatment with helixor A; this is consistent with cell activation. CON: cell control, CP: control 
peritoneal fluid, A: endometriosis stage I/II peritoneal fluid, B: endometriosis stage III/IV peritoneal fluid, +H: 200 ng/mL helixor A treatment. *P < 0.05. 

 
To assess NK-cell activation, we examined the 

level of CD107a expression before and after treatment 
with helixor A. CD107a is directly involved in the 
exocytosis of cytotoxic granules, and is therefore the 
preferred marker for examination of NK cell activa-
tion. No significant difference in CD107a expression 
was seen in the cell control group before and after 
treatment (0.75±0.20% vs. 0.98±0.10%, respectively; p 
= 0.140). However, significant increases were seen in 
all other groups following treatment (Fig. 4); the con-
trol peritoneal fluid group exhibited a ~2.4-fold in-
crease in CD107a expression following treatment (0.70 
±0.20% vs. 1.67±0.10% (p = 0.012), while the endome-
triosis groups exhibited 1.8-fold (0.59±0.20% vs. 1.10± 
0.10%; p = 0.02) and 1.9-fold (0.79±0.20% vs 1.40± 
0.20%; p = 0.014) increases in CD107a expression in 
NK cells following treatment, for groups A and B, 
respectively. Taken together, these results suggest 
that helixor A increases NK-cell cytotoxicity through 
direct induction of CD107a expression. 

DISCUSSION 
NK cell dysfunction is seen more frequently than 

either B- or T-cell malignancies in immunologic stud-
ies of endometriosis [18]. Increased levels of IL-12p40 
in the peritoneal fluid of endometriosis patients have 
been shown to inhibit the activity of IL-12 in NK cells, 
leading to a significant reduction in NK-cell function 
[19]. Recent studies have reported that an increase in 
KIR2DL1, a modified type of killer cell inhibitory re-
ceptor (KIRs), directly suppressed NK-cell function 
and reduced NK-cell activity [20]. This study revealed 
a decrease in NK-cell activity in patients with endo-
metriosis, with the degree of NK-cell dysfunction be-
ing directly associated with disease stage. These data 
are consistent with a role for NK cells as a scavenger 

of endometrial cells outside of the uterus, and as a 
regulator of disease progression. 

Standard treatments for endometriosis, includ-
ing hormone suppression therapy and surgical re-
moval of endometrial lesions, do not improve NK-cell 
activity [21]. Moreover, disease recurrence in in-
creased significantly in patients with low NK-cell ac-
tivity [22, 23]. Taken together, these data suggest a 
central role for NK cells in the development and re-
currence of endometriosis. Therapies capable of either 
normalizing or increasing NK-cell activity are there-
fore necessary to reduce the rate of recurrence in en-
dometriosis patients. One such study has been per-
formed, showing that an improvement in NK-cell 
activity led to a reduction in endometriosis lesions 
[24]. Based upon these results, helixor A is expected to 
be an effective therapeutic agent in the treatment of 
endometriosis due to its ability to regulate NK-cell 
function. 

Under normal conditions, NK-cell cytotoxicity is 
mediated through the release of cytoplasmic granules 
containing perforins and granzymes, which directly 
target malignant cells [25]. Although there are a vari-
ety of methods for evaluating the cytotoxicity of NK 
cells, CD107a expression remains the best-validated 
marker of NK-cell activation [26]. This study focused 
on the exocytosis of perforins and granzymes from 
NK cells as a mechanism for clearance of ectopic en-
dometrial cells. Our results showed a significant in-
crease in CD107a expression following treatment with 
helixor A, suggesting that this might be useful for the 
treatment of endometriosis. 

While previous clinical studies have shown he-
lixor A to be an effective treatment for relieving pain 
and other symptoms associated with endometriosis, 
little is known about its mechanism of action, or its 
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relationship with immune cells[27]. This study sug-
gests one of the possible mechanisms of action that 
helixor A plays a role in NK cell activity, mediated by 
direct induction of CD107a expression. These findings 
may help to pave the way for the expanded use of 
helixor A in the treatment of endometriosis. Moreo-
ver, it is thought that using helixor A in combination 
with standard therapeutic regimens may be effective 
in patients with recurrent endometriosis after primary 
or hormone suppression treatment. 

Future studies evaluating the use of helixor A is 
a mouse model of endometriosis are necessary before 
any clinical trials will be possible. A study of the ef-
fects of helixor A on endometrial lesions and the 
normalization of cytotoxic function in NK cells in vivo 
is needed to fully understand the mechanism of he-
lixor A activity. Analysis of the peritoneal fluid of 
endometriosis patients to confirm the association 
between the recovery of NK-cell function, reduction 
of lesions, and prevention of recurrence, is also war-
ranted. Additional studies of the effects of helixor A 
on other immune cells, and the resulting effect of cy-
tokines on NK-cell activity, must also be performed. 
Together, these studies will determine whether he-
lixor A can be used as a monotherapy, or in combina-
tion with hormonal agents, for the treatment of en-
dometriosis. 
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