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ABSTRACT
Background: Rosa damascena and Poria cocos are ingredients commonly 
used in Traditional Chinese Medicine. R. damascena is used to promote blood 
circulation as well as liver and stomach function, while P. cocos is used to 
eliminate dampness and enhance spleen function. Objective: The objective of 
the study is to investigate possible mechanisms by which R. damascena and P. 
cocos may promote immune function. Materials and Methods: Phagocytosis 
and dendritic cell (DC) surface marker expression assays were used to evaluate 
the effect of R. damascena and P. cocos extracts on human THP‑1 monocytic 
leukemia cell biology. Results: R. damascena and P. cocos extracts both 
enhanced phagocytosis of latex beads by THP‑1 cells, and when combined, 
phagocytosis was enhanced to a level greater than what might be expected 
by adding the individual phagocytosis responses together. In addition, 
both extracts enhanced maturation of THP‑1 cells into a DC phenotype as 
measured by increased surface expression of the costimulatory molecules 
CD14, CD40, CD80, and CD86. Conclusion: These results suggest that Rosa 
damascena and P. cocos may promote monocyte phagocytosis and then 
stimulate differentiation of the cells into DCs thereby bridging innate and 
adaptive immune responses.
Key words: Dendritic, immune, phagocytosis, Traditional Chinese 
Medicine, THP‑1

SUMMARY
•  The aim of this study was to study potential immune function enhancing

properties of Traditional Chinese Medicine ingredient. Results. Rosa 
damascena and Poria cocos extracts enhanced phagocytosis and a dendritic
cell phenotype in THP‑1 cells.

Abbreviations used: AKT: Protein kinase B; AP‑1: Activator 
protein‑1; Bcl2: B  cell lymphoma‑2; CD: Cluster of differentiation; 
COX‑2: Cyclooxygenase‑2; DC: Dendritic cell; EGFR: Epidermal 
growth factor receptor; FOXO1: Forkhead box protein‑1; 
GM‑CSF: Granulocyte/macrophage colony stimulating factor; 
HLA: Human leukocyte antigen; HPLC: High‑performance liquid 
chromatography; IL‑1β: Interleukin‑1β; IL‑4: Interleukin‑4; M1: Classically 
activated macrophage; M2: Alternatively activated macrophage; 
MAPK: Mitogen‑activated protein kinase; NFκB: Nuclear factor 

kappa‑light‑chain‑enhancer of activated B cells; NLRP3: NLR Family Pyrin 
Domain Containing 3; f: Phagocytic index; p53: Tumor protein p53; PARP: 
Poly  (ADP‑ribose) polymerase; PMA: Phorbol 12‑myristate 13‑acetate; 
PRR: Pattern recognition receptor; STAT: Signal transducer and activator 
of transcription SD: Standard deviation; Syk: Spleen tyrosine kinase; 
TCM: Traditional Chinese Medicine.
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INTRODUCTION
Monocytes are peripheral blood mononuclear cells that make up 
approximately 10% of circulating leukocytes in humans. They are a 
heterogeneous cell population with the ability to differentiate into 
macrophages, dendritic cells (DCs), and osteoclasts. Monocytes are an 
important part of the innate immune system as they recognize potential 
pathogens due to their expression of pattern recognition receptors (PRRs), 
and on PRR engagement, produce proinflammatory cytokines and 
chemokines that serve to recruit other leukocytes to an infection site 
and amplify the resulting inflammatory response. They are also able 
to phagocytose microbes, and following phagocytosis may link innate 
immunity to adaptive immunity by migrating to draining lymph nodes 
where they differentiate into DC to present antigen to T lymphocytes 

with increased expression of costimulatory receptors such as CD40, 
CD80, and CD86.[1] DCs are the primary type of antigen‑presenting cells 
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and therefore play a primary role in the initiation of adaptive immune 
responses.[2,3]

Traditional Chinese Medicine  (TCM) is an ancient form of medicine 
based on the theory that the body is healed by returning to a state of 
homeostasis through the use of herbal remedies.[4] Herbs are chosen 
based on observations of their clinical use, along with a number of 
different characteristics including the herb’s temperature property, taste, 
channel tropism, and toxicity.[5] Two such TCM herbs are Poria cocos and 
Rosa sp. P. cocos, also known as Fu‑Ling, is a fungus that is usually found 
at the base of trees of the genus Pinus. It develops a large sclerotium 
that is widely used in TCM as it is considered one of the nine magical 
herbs. It has been used for thousands of years as a diuretic, sedative, and 
tonic to treat chronic gastritis, edema, nephrosis, dizziness, nausea, and 
inflammation.[6‑8] Rosa sp., also known as Mei Gui Hua, has also been 
used in TCM for hundreds of years to regulate liver function, improve 
blood circulation and treat stomach aches, diarrhea, menoxenia, diabetes 
mellitus, pain, and chronic inflammatory disease.[9,10]

In the present study, we investigated whether P. cocos and R. damascena 
extracts may modulate monocyte function as both are traditionally used 
to treat forms of inflammation as mentioned above. Specifically, we 
tested whether the extracts promoted phagocytosis by monocytes, and 
in addition, as monocytes can migrate to draining lymph nodes, whether 
monocytes can mature into DC as measured by surface expression of the 
costimulatory molecules.

MATERIALS AND METHODS
Reagents
Unless otherwise specified, all cell culture media components were 
purchased from Mediatech  (Manassas, VA). Human recombinant 
interleukin‑4  (IL‑4) and granulocyte/macrophage colony stimulating 
factor  (GM‑CSF) were purchased from Peprotech  (Rocky Hill, 
NJ, USA). Phorbol 12‑myristate 13‑acetate  (PMA), FITC‑dextran 
(40,000 avg. MW), cytochalasin D, and piceatannol were purchased from 
Sigma‑Aldrich (St. Louis, MO, USA). Amino 3‑micron latex beads were 
purchased from Polysciences (Warrington, PA, USA). CypHer5e mono 
NHS ester was purchased from GE Healthcare  (Pittsburgh, PA, USA). 
Phycoerythrin‑labeled anti‑human CD14, Alexa fluor 488‑labeled 
anti‑human CD40, PerCP/Cy5.5‑labeled anti‑human CD80, and Alexa 
fluor 488 labeled anti‑human CD86 antibodies were purchased from 
Biolegend (San Diego, CA, USA).

Plant extracts
R. damascena and P. cocos extracts were purchased from Sinphar 
Tianli Pharmaceutical Co, Ltd. (Zhejiang, China). Both were generated 
by ethanol extraction and then spray dried. R. damascena extract is 
standardized to polyphenols  (>30% by UV‑VIS) and procyanidin 
(≥2.0% by high‑performance liquid chromatography). An herbarium 
voucher verifying its identity was prepared by the Institute of Medicinal 
Plant Development at the Chinese Academy of Sciences. P. cocos extract 
is standardized to triterpenes (>15% by UV‑VIS). An herbarium voucher 
verifying its identity was prepared by the Kunming Institute of Botany of 
the Chinese Academy of Sciences.

CypHer5e conjugation of latex beads
Latex beads were labeled as described by Beletskii et al.[11] Briefly, 1 mL of 
3 µamino latex particles were washed three times with 0.1 M carbonate 
buffer (pH 9.0). The washed beads were suspended in 0.5 mL of carbonate 
buffer and were incubated at room temperature for 2 h with constant 
agitation with 0.3 mg of CypHer5e mono NHS ester that had been dissolved 
in 0.1 M carbonate buffer. Unreacted dye was removed by washing the 

beads three times with carbonate buffer. Following washing, the beads were 
resuspended in 12 mL of 0.1 M carbonate buffer and were stored at 4°C.

Phagocytosis assay
Human monocytic THP‑1  cells  (ATCC# TIB‑202) were purchased from 
ATCC  (Manassas, VA, USA) and were maintained in RPMI 1640 media 
with 10% fetal bovine serum  (HyClone, Logan, UT, USA), 100  IU/mL 
penicillin, 100 µg/mL streptomycin, and 2.5 µg/mL amphotericin B. For the 
phagocytosis assay, THP‑1 cells were plated in 6 well plates at 1 × 106 cells/well 
in a volume of 2 mL. The cells were treated with samples and PMA at 1 nM 
for 20 h at 37°C in a humidified, 5% CO2 atmosphere. During the past 30 min 
of the incubation period, the viability dye Cell Tracker green (Invitrogen, 
Carlsbad, CA, USA) was added to the cells at a concentration of 1 µM. 
Following the incubation period, the cells were collected by repeated 
pipetting of the media in the wells to dislodge the cells from the well surface. 
The cells were transferred to 5  mL polypropylene tubes and pelleted by 
centrifugation. The cells were resuspended in 2 mL of RPMI‑10%, and 100 µL 
of the CypHer5e‑labeled beads were added to the tubes. When phagocytosis 
inhibitors were used, they were added for 15 min at 37°C before the addition 
of the beads to the tubes. The tubes were loosely capped and incubated an 
additional 18 h in the humidified 5% CO2 atmosphere at 37°C. Following 
incubation with beads, the THP‑1 cells were washed once and resuspended 
in ice cold phosphate buffered saline (PBS). The cells were analyzed by flow 
cytometry on a FACSCalibur (Becton Dickinson, Franklin Lakes, NJ, USA) 
using FL1 (Cell Tracker green) to measure viable cells and FL4 to measure 
phagocytosed beads. Cells that were double positive therefore were viable 
cells that had taken up the CypHer5e labeled beads. Data were calculated as 
the ratio of double positive cells to single positive (FL1) cells. A phagocytic 
index was then calculated by comparing this ratio from each experimental 
condition to PMA‑treated cells.

Costimulatory molecule expression
THP‑1 cells were plated at 2 × 106/well in 6 well plates in a volume of 2 mL 
for 120 h. The cells were exposed to R. damascena and P. cocos extracts at 
100 and 50 µg/mL respectively at time 0 and 48 h. One half of the media 
was removed at 48 h. and replaced with an equal volume of fresh media 
and additional sample. A combination of IL‑4 and GM‑CSF (5 ng/mL 
each) were used as positive control with additions at 0 and 48 h. Cells were 
collected using PBS‑ethylenediaminetetraacetic acid (2 mM) with gentle 
repeated pipetting to dislodge the cells from the culture well surface. The 
cells were stained for 1 h at 4oC with anti‑human‑CD14‑PE,‑CD40‑Alexa 
Fluor 488,‑CD80‑PerCP/Cy5.5 or‑CD86‑Alexa Fluor 488 antibody 
according to the manufacturer’s specifications and were then washed 
three times with cold PBS. Fluorescence was assessed by flow cytometry 
on a Becton Dickinson FACSCaliber.

Statistical analysis
The results of most experiments described here are expressed as 
mean  ±  standard deviation  (SD) values and are representative of 
three independent experiments. Statistical analysis was carried out by 
Student’s t‑test using PRISM version  6.01 statistical analysis software 
(GraphPad Software, Inc., San Diego, CA, USA). Levels of statistical 
significance between data sets were significant if the P < 0.05 (**), and 
highly significant if P < 0.01 (***).

RESULTS
Effect of Rosa damascena and Poria cocos extracts 
on phagocytosis
During the screening of several botanical TCM samples, R. damascena 
and P. cocos were found to enhance phagocytosis  (data not shown). To 
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confirm and further characterize this activity, the effect of a dose‑response 
of R. damascena se and P. cocos extracts was conducted. The data in 
Figure  1a show that both R. damascena and P. cocos extracts induced a 
dose‑dependent enhancement of phagocytosis. The phagocytic (f) index 
for R. damascena peaked at ~30 while the f index for P. cocos peaked at ~60. 
As the phytochemical content of the R. damascena extract is primarily of 
flavonoids and the P. cocos extract is primarily triterpenoids, it was possible 
that these extracts enhance phagocytosis by different mechanisms of action. 
As such, these different mechanisms might result in a synergistic response 
if the samples were combined to treat the cells. To test this possibility, 
THP‑1 cells were treated with a combination of R. damascena and P. cocos 
extracts at a ratio of 5:1 with R. damascena extract at 50 µg/mL and P. cocos 
extract at 10 µg/mL. These suboptimal concentrations were selected from 
the dose‑response results to improve the likelihood of seeing an additive 
or synergistic response. The data in Figure 1b show that the combination 
of R. damascena and P. cocos stimulated phagocytosis at a level higher than 
would be expected from a simple additive effect. The hypothetical additive 
effect on phagocytosis would have resulted in a f index of 17 whereas the 
actual f index was 27. These results suggest that R. damascena and P. cocos 
extracts work by different mechanisms to augment phagocytosis and that 
when combined, may synergize for enhanced phagocytic activity.

Effect of inhibitors on Rosa damascena and Poria 
cocos-enhanced phagocytosis
To confirm these results, two known inhibitors of phagocytosis 
were tested for their effect on R. damascena and P. cocos‑enhanced 
phagocytosis. The mycotoxin cytochalasin D is a potent inhibitor of 

actin polymerization,[12] while the resveratrol metabolite piceatannol 
is known to inhibit Syk‑kinase mediated actin polymerization.[13] The 
data in Figure  1b and c show that both compounds totally inhibited 
phagocytosis stimulated by R. damascena and P. cocos extracts. These 
results provide supporting evidence that R. damascena and P. cocos 
extracts stimulate phagocytosis.

Effect of Rosa damascena and Poria cocos extracts 
on dendritic cell maturation
Once monocytes have ingested pathogens, they might migrate to local 
lymph nodes and differentiate into DC for efficient antigen presentation 
to initiate adaptive immune responses. To do so, DC must express 
costimulatory receptors on their surface for efficient antigen presentation 
to lymphocytes. To test whether R. damascena and P. cocos extracts 
might also promote monocyte differentiation into DC, THP‑1 cells were 
incubated with R. damascena and P. cocos extracts and then tested for 
expression of CD14, CD40, CD80, and CD86. The data in Figure  2a 
show that treatment of the cells with R. damascena and P. cocos extract 
promoted an increase in CD14 expression equal to the effect induced by 
the IL‑4/GM‑CSF control. Figure 2b shows that both extracts had a slight 
impact of CD40 expression. Figure  2c shows that both R. damascena 
and P. cocos extracts had a significant effect on expression CD80 while 
the IL‑4/GM‑CSF had a minimal effect. Finally, the data in Figure  2d 
similarly show a strong effect of both extracts, especially R. damascena 
extract, on CD86 expression which was also greater than the effect of the 
IL‑4/GM‑CSF control.

Figure  1: Effect of Rosa damascena and Poria cocos extracts on monocyte phagocytosis.  (a) Dose response effect of Rosa damascena and Poria cocos 
extracts on phagocytosis. Phagocytosis was assessed as mentioned above. Data are expressed as the mean + standard deviation three replicates from a 
representative experiment. (b) Effect of combinations of Rosa damascena and Poria cocos extracts on phagocytosis. THP-1 cells were treated with PMA, Rosa 
damascena extract (50 µg/mL) alone or combined with Poria cocos extract (5 or 10 µg/mL) for 20 h. Phagocytosis was assessed as described above. Data 
are expressed as the mean + standard deviation three replicates from a representative experiment.  (c) Effect of Cytochalasin D[12] and piceatannol[13] on 
phagocytosis. Cells were treated as above but with 10 µg/mL of both extracts. Cytochalasin D and piceatannol were added to the cells at 100 and 125 µM 
respectively and the cells were incubated for 5 min at 37°C before addition of the CypHer5e labeled latex beads. Phagocytosis was assessed as described 
above. Data are expressed as the mean + standard deviation three replicates from a representative experiment

c
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DISCUSSION
We have shown in the work presented here that extracts of two ingredients 
from TCM, R. damascena, and P. cocos, enhance the ability of monocytes 
to phagocytose latex beads and to differentiate into cells with properties of 
DC. For these experiments, we used the THP‑1 cell line which was derived 
from the blood of a 1‑year‑old male with acute monocytic leukemia.[14] 
These cells have been widely studied as their biology is very similar to 
peripheral monocytes.[15,16] One of the advantages of using THP‑1 cells 
is that their plasticity is similar to peripheral blood monocytes. They 
have been studied for their ability to differentiate into macrophages in 
response to PMA[17] and Vitamin D[18] and can also be polarized into M1 
and M2 phenotypes. Treatment with Interferon‑γ‑causes them to polarize 
into pro‑inflammatory M1 or classically activated macrophages, whereas 
IL‑4, IL‑13, and IL‑10 treated THP‑1 cells express an anti‑inflammatory 
M2 or an alternatively activated phenotype.[19‑21] THP‑1  cells can also 
differentiate into DC in the presence of IL‑4 and GM‑CSF based on 
expression of costimulatory molecules, the ability to endocytose, and 
to present antigen to HLA matched lymphocytes.[22,23] Due to this wide 
range of phenotypes that THP‑1 cells are capable of expressing, they make 
an attractive model for studying how natural products might influence 
the differentiation of monocytes and their involvement in the interface 
between innate and adaptive immune function.
We modified the method of Beletskii et  al. to assess the ability of 
R. damascena and P. cocos extracts to enhance phagocytosis.[11] In this 
assay, latex beads are conjugated CypHer5e, a dye that is nonfluorescent 
at neutral pH, but in maximally fluorescent at pH <5.5. Thus, the beads 
only fluoresce in the acidic environment of the phagosome. Our results 
demonstrate that both R. damascena and P. cocos extracts enhanced the 
ability of THP‑1 cells to phagocytose latex beads in a dose‑dependent 
manner  [Figure  1]. In addition, when the cells were treated with 
a combination of R. damascena and P. cocos extracts, there was an 
unexpected increase in the level of phagocytosis above what would be 
expected adding the responses to either extract alone [Figure 2].
Following phagocytosis, monocytes may migrate to local draining 
lymph nodes to initiate an adaptive immune response. Phagocytosis of 

subcutaneously injected latex beads has been demonstrated in  vivo in 
mice, and approximately 25% of the beads were cleared from the skin.[1] 
The authors attributed this to phagocytosis of beads by monocytes which 
subsequently migrated to the T cell area of draining lymph nodes where 
they acquired DC‑restricted markers and high expression of CD86.[1]

Monocytes can be directed in  vitro to differentiate into DCs when 
they are cultured in the presence of IL‑4 and GM‑CSF,[24‑26] and 
THP‑1  cells too can be differentiated using this method.[16,22] Under 
these conditions, THP‑1  cells upregulate expression of a number 
of surface markers, the ability to endocytose and produce cytokines 
consistent with a DC phenotype.[22] We found that incubation of 
THP‑1  cells with R. damascena and P. cocos PMAextracts, in the 
absence of IL‑4 and GM‑CSF, induced increased expression of several 
surface proteins  (CD14, CD40, CD80, and CD86) associated with a 
DC phenotype. The greatest effect was on the expression of CD80 
and CD86 which suggests that both R. damascena and P. cocos may 
enhance costimulation during T‑cell activation.[27] Upregulation 
of CD40 suggests that R. damascena and P. cocos may also promote 
immunoglobulin class switching during B‑cell stimulation.[28]

The mechanism of action of R. damascena and P. cocos extracts in 
our model is unknown. As mentioned above, R. damascena extract is 
standardized to >30% polyphenols while P. cocos extract is standardized 
to >15% triterpenoids, and our results are consistent with many other 
reports on the effects of polyphenols and triterpenoids on monocytes and 
macrophages. Representatives from each of these phytochemical classes 
have been shown to augment macrophage phagocytosis.[29‑31] Likewise, 
both have also been shown to augment expression of CD14, CD80, and 
CD86.[32,33] Polyphenols have been shown to act on many molecular 
targets including COX‑2, AP‑1, STAT, EGFR, AKT, Bcl2, NF‑κB, Bcl‑xL, 
p53, FOXO1, PARP, and MAPK.[34,35] Triterpenoids have been shown 
to activate immune cells by several mechanisms. The saponin QS‑21 is 
used as a vaccine adjuvant[36] and may work through activation of the 
inflammasome NLRP3.[37] Aggregated ursolic acid stimulates IL‑1β 
release by a CD36‑dependent mechanism.[38] CD36 is known to promote 
phagocytosis,[39] and engagement of CD36 is known to activate a number 

Figure 2: Effect of Rosa damascena and Poria cocos extracts on CD expression. Histograms showing distribution of fluorescent staining from a representative of 
three experiments and show shift in expression of each of the CD molecules tested in response to IL-4/GM-CSF (each 5 ng/mL), Rosa damascena (100 µg/mL), 
or Poria cocos (50 µg/mL) treatment compared to untreated cells (a) CD14 expression. (b) CD40 expression. (c) CD80 expression. (d) CD86 expression

d
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of downstream signaling events including nonreceptor tyrosine kinases, 
MAPKs, and the Vav family of guanine nucleotide exchange factors.[40]

CONCLUSION
The results presented here suggest that the TCM ingredients R. damascena 
and P. cocos may enhance immune function in several ways. First, these 
samples both enhance phagocytosis of particulates by monocytes. 
Second, following phagocytosis and migration to lymph nodes, the 
samples may promote differentiation of the same monocytes into DC. 
The resulting DC may then participate adaptive immunity through T 
and/or B cell activation.
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