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Objective: To examine the effects of LSC101, a botanical compound, on adaptive and innate 

immunity.

Materials and methods: LCS101 preparations were tested for batch-to-batch consistency 

using high-performance liquid chromatography. T-cell activation was quantified in murine spleen 

cells using 3H-thymidine incorporation, and cytokine production analyzed with enzyme-linked 

immunosorbent assay. Natural killer cell activity was tested on human blood cells using flow 

cytometry, and cytotoxicity measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide and apoptosis using a FACSCalibur. Effects on interferon-γ production in fluorouracil/

doxorubicin-treated mice were tested with enzyme-linked immunosorbent assay.

Results: High-performance liquid chromatography analysis demonstrated batch-to-batch 

consistency. T-cell proliferation was increased, and a dose-dependent activation of natural killer 

cells and macrophage tumor necrosis factor-α secretion were observed with LCS101 treatment. 

Interferon-γ levels, reduced following fluorouracil treatment, were corrected in treated animals. 

No toxicity or compromised treatment outcomes were associated with LCS101 exposure.

Conclusions: LCS101 demonstrated significant effects on a number of immune processes. 

Further research is needed in order to understand the molecular immunomodulatory pathways 

affected by this compound, as well as clinical implications for treatment.

Keywords: botanical compound, immunomodulation, T-cell immunity, NK cells, 

interferon-gamma, TNF-alpha

Introduction
It has long been understood that disturbances in the body’s immune system can 

increase the risk for cancer.1,2 Factors that promote innate immunity or inhibit the 

adaptive immune response and interfere in the interaction between the two systems 

are believed to be responsible for this causal relationship.2,3 The innate immune system 

is considered the body’s first line of defense against any antigenic challenge, and 

involves granulocytes, dendritic cells (DCs), macrophages, natural killer (NK) cells, 

and mast cells. The adaptive immune system consists of humoral immunity mediated 

by B lymphocytes and cell-mediated immunity mediated by T lymphocytes.

Chronic inflammation can interrupt the balance between the innate and adaptive 

immune systems, which are connected through a form of “cross talk” and monitored 

by DCs presenting foreign antigens to adaptive lymphoid immune cells, as well as NK 

cells, which promote DC maturation. This can lead to irreversible changes in tissues 

with excessive remodeling, loss of tissue architecture, protein and DNA alterations 

due to oxidative stress, and an increased risk of cancer development.3 The presence 
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of increased innate immune activity correlates directly with 

angiogenesis and a poor prognosis for cancer patients.4–6

A number of botanical-based products have been shown 

to have anticancer effects that include proapoptotic activity, 

inhibition of angiogenesis, and stimulation of the immune 

response.7,8 LCS101 is a botanical compound that was 

developed for use in cancer patients, and is based on the 

principles of traditional Chinese medicine. The formula 

contains extracts from the following herbs: Astragalus 

membranaceus, Atractylodes macrocephala, Citrus reticulate, 

Glehnia littoralis, Ligustrum lucidum, Lycium chinense, 

Millettia reticulata, Oldenlandia diffusa, Ophiopogon 

japonicus, Paeonia lactiflora, Paeonia obovata, Poriae 

cocos, Prunella vulgaris, and Scutellaria barbata. Extracts 

are manufactured in accordance with good manufacturing 

practice conditions, and imported under license (Zen Herbs, 

Rehovot, Israel) in accordance with the regulations of the 

Israel Ministry of Health. All batches are analyzed and 

certified to be free of heavy metals, microbial contamination, 

pesticide residues, and mycotoxins. The herbal components 

of LCS101 are considered to be safe for human consumption, 

and have not been found to alter the bioavailability or 

outcomes of anticancer drugs.9

An in vitro model found a dose-dependent inhibitory 

effect with LCS101 treatment on cell survival in three 

human breast carcinoma cell lines (MDA-231, MDA-453, 

and T47D). LCS101 also demonstrated a dose-dependent 

inhibition of cell growth in a T47D cell line, and an increase 

in the percentage of cells with subdiploid DNA content, 

the hallmark of apoptosis, in a dose-dependent manner.10 

In an in vivo murine breast cancer model, the addition of 

LCS101 to doxorubicin was shown to significantly improve 

peripheral neutrophil counts, as well as preserving splenic 

erythrocyte and leukocyte counts (unpublished data). In a 

randomized, double-blind, placebo-controlled clinical trial, 

LCS101 was shown to significantly reduce anemia and 

neutropenia in 65 female patients with locally advanced 

breast cancer receiving anthracycline and taxane-based 

treatment regimens. The compound was found to be safe 

and well tolerated.11

The exact mechanism by which LCS101 inhibits cancer 

cells is not fully understood. Many LCS101 components have 

been shown to have immunomodulatory effects (Table 1). 

The purpose of the present study was to examine the effects 

of LCS101 on various components of the innate and adaptive 

immune systems.

Table 1 Effects of LCS101 components on the immune system

Compound Immune effects References

Astragalus 
membranaceus

Increases activity of macrophages, phagocytes and NK cells; increases antitumor 
effects of IL-2

12–15

Atractylodes 
macrocephala

Promotes T-helper lymphocyte proliferation, antibody production, and cytokine 
secretion

16,17

Citrus reticulate Increases T-cell (CD4/8) proliferation and IFN-γ and TNF-α production; reduces 
postradiation IL-1β, IL-6, TNF-α levels

18

Glehnia littoralis Reduces inflammatory-related cytokine production, neutrophil-mediated MPO 
activity, TPA-induced inflammatory damage, and acetate-induced vascular permeability

19,20

Lycium chinense Increases T- and B-cell mitogenic stimuli (CD3, CD19, CD4, and CD8+) 21
Ligustrum lucidum Increases local GVH reaction 12
Millettia reticulata Increases CC1-induced anti-inflammatory effects (COX-2, NO synthase, 

myeloperoxidase)
22

Oldenlandia diffusa Increases macrophage production of IL-6, TNF-α, and macrophage oxidative burst 14,23
Ophiopogon japonicus Increases murine splenic weight; reduces cyclophosphamide-induced leukopenia 24
Paeonia lactiflora Increases anti-inflammatory effects, NF-κB activation in B cells; attenuates dendritic 

cell maturation
25,26

Paeonia obovata None found
Poriae cocus Increases phagocyte, thymus, splenic indices; increases murine spleen antibody 

production and delayed-type hypersensitivity reaction; reduces tumor-associated 
macrophage suppression

27

Prunella vulgaris Increases monocyte/macrophage response, protein levels of inducible nitric oxide, 
and mRNA for TNFα; reduces ConA, LPS, and OVA-induced splenocyte 
proliferation; significantly reduces total IgG, IgG1 and IgG2b levels in immunized mice

28–30

Scuttellaria barbata Increases post-5-FU thymus and spleen indices; increases NK cell activity; reduces 
lymphocyte proliferation and splenocyte NK, IL-2 activity

31

Abbreviations: NK, natural killer; IL, interleukin; TNF, tumor necrosis factor; MPO, myeloperoxidase; TPA, 12-O-tetradecanoyl-phorbol-13-acetate; GVH, graft-versus-
host; COX, cyclooxygenase; ConA, concanavalin A; LPS, lipopolysaccharide; OVA, ovalbumin; Ig, immunoglobulin; 5-FU, fluorouracil.
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Materials and methods
Experimental materials
Reagents
The fluorouracil (5-FU) in phosphate-buffered saline (PBS), 

concanavalin A (ConA), ethyl acetate ammonium formate, 

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide, propidium iodide, DNase-free RNaseA, and 0.1% 

triton X-100  in PBS were purchased from Sigma-Aldrich 

Israel (Rehovot, Israel). The enzyme-linked immunosorbent 

assay (ELISA) kits for quantitation of murine interleukin 

(IL)-10 and tumor necrosis factor (TNF)-α kits were 

purchased from Peprotech Asia (Rehovot, Israel), and mouse 

IFN-γ was purchased from Abcam (Zotal, Tel Aviv, Israel). 

Trichloroacetic acid, acetonitrile, high-performance liquid 

chromatography (HPLC) Supra grade, water, HPLC grade, 

and methanol were purchased from Biolab (Jerusalem, 

Israel). Doxorubicin was purchased from Ebewe Pharma 

(Unterach, Austria). Ultima Gold scintillation liquid was 

purchased from Lumitron (Petah Tikva, Israel), and the 

HPLC column Microsorb-MV 100-5 C18 from Varian 

(Palo Alto, CA, USA). CD56-FITC/CD69-PE/CD45-PerCP 

antibody reagent was purchased from Becton Dickinson 

Biosciences (San Jose, CA, USA). Immnunoprep kit and 

flow cytometry reagents were from Beckman Coulter (Miami, 

FL, USA).

Animal and human subjects
Adult Balb/C mice (25–35  g, age 6–10 weeks), raised 

through internal breeding, were housed in cages under 

controlled temperature and humidity conditions, with a 

12-hour:12-hour light:dark cycle. Access to food and water 

was given ad libitum. All of the procedures were conducted 

according to guidelines of the animal ethics committee of 

Bar Ilan University, Ramat Gan, Israel.

Blood samples (3–4 mL) from four healthy volunteers 

were collected in a heparin-coated vacutainer. Authorization 

for the procedure was obtained from the institutional review 

board at Miami Children’s Hospital, with a stipulation for 

nonidentification of the participants.

Experimental methods
Quantification of LCS101 preparations
Extracts of LCS101 were lyophilized and rehydrated in 2 mL 

double-distilled water. The solution was mixed with ethyl-

acetate 1:5 and the organic phase was separated, evaporated, 

and rehydrated in double-distilled water–methanol solution 

(50:50). The solution was analyzed for consistency using HPLC 

with the Microsorb-MV 100-5 C18 column and moving phase 

of acetonitrile-ammonium formate (Biolab) at a rate of 

1 mL/minute and read at a diode array detector ultraviolet 

(DAD UV) at 260, 280, and 310 nm.

Cell cultures
Spleen cells isolated from Balb/C mice were cultured in 

Roswell Park Memorial Institute medium with 10% fetal 

bovine serum (FBS) and antibiotics, in a humidified 5% 

CO
2
 incubator at 37°C. Spleens were ground and red blood 

cells lysed with 0.8% ammonium chloride in PBS. A RAW 

264.7 monocyte cell line was grown in Dulbecco’s modified 

Eagle’s medium (DMEM) with 10% FBS, 100 units/mL 

penicillin, and 100  µg/mL streptomycin. Human blood 

samples (250  µL) were incubated in 48-well plates, and 

cultures incubated at 37°C in a CO
2
 incubator for 24 hours 

with incremental concentrations of LCS101. A sample treated 

with IL-2 (1 ng/mL) was used as control.

Measurement of T-cell activation
Spleen cells were cultured with 10 µg/mL ConA (Sigma-

Aldrich) and LCS101. After 48 hours, a fresh medium was 

provided and 5  µCi/mL of 3H-thymidine added, and then 

washed after 2 hours with PBS and incubated with ice-cold 

7.5% trichloroacetic acid (Biolab) at 4°C for another 

20 minutes. The cells were then washed with ice-cold ethanol 

and lysed with 0.5 M NaOH. The radioactivity in the cell 

lysate, corresponding to cellular 3H-thymidine incorporation, 

was measured with Ultima Gold scintillation liquid in a 

β-counter (1600 TR; Packard, San Diego, CA, USA).

Measurement of NK cell activation
Human blood samples (250 µL) were incubated in 48-well 

plates with incremental concentrations of LCS101, with IL-2 

(1 ng/mL) used as control. After 24 hours, 20 µL of specific 

antibody mix (CD56-FITC/CD69-PE/CD45-PerCP NK-cell 

activation; Becton Dickinson) was dispensed into separate 

flow tubes, and 50 µL mixed with the antibody and incubated 

for 30 minutes at room temperature. The blood–antibody mix 

was lysed in a Coulter Epics Q-prep workstation (Beckman 

Coulter) using an Immunoprep kit and analyzed on an Elite 

flow cytometer (Beckman Coulter) using a three-color protocol. 

Cells positive for fluorescein isothiocyanate, PE, and PerCP 

were gated as activated NK cells, and the percentage of activated 

NK cells plotted against LCS101 concentrations and IL-2.32

Determination of cytokine activity
Cytokine production in RAW 264.7  macrophages was 

examined using the following methodology: murine spleen 
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cells were cultured in DMEM medium 0.5% FBS (starvation 

medium) overnight, followed by treatment with and without 

lipopolysaccharide and LCS101 for 24  hours. The plates 

were centrifuged and the supernatant analyzed for cytokine 

secretion. Cytokine levels were measured using murine 

IL-10 and TNF-α ELISA development kits (Peprotech Asia) 

and mouse IFN-γ using an Abcam Elipair kit (Zotal).

Measurement of cell proliferation 
(MTT) and apoptosis
Cells were grown in 96-well plates for 24  hours with 

incremental concentrations of LCS101. The medium was 

removed, and 5 µg/mL MTT (Sigma-Aldrich) was added 

to each plate and incubated at 37°C for 20 minutes. The 

blue crystals that formed were dissolved in 100 µL DMSO, 

and absorbance read in a plate reader at 570 nm. A separate 

group of murine spleen cells was washed with PBS and 

mixed with propidium iodide solution containing 20 µg/mL 

propidium iodide, DNase-free RNaseA (200  µg/mL), 

and 0.1% triton X-100 in PBS (all from Sigma-Aldrich). 

Cell-cycle analysis was conducted using a FACSCalibur 

(Becton Dickinson). The percentage of apoptotic cells 

was determined according to the sub-G
1
 population, using 

cell-cycle analysis.

Measurement of interferon-γ production
Intraperitoneal (IP) injections were administered to study 

mice, with either 200 mg/kg 5-FU in PBS (Sigma-Aldrich), 

5  mg/kg doxorubicin (Ebewe Pharma), or PBS alone. 

One milligram/mL of LCS101 was added to the drinking 

water, to which access was granted ad libitum. Animals 

were monitored carefully every 3–5 days for any changes in 

behavior or body weight. The mice were killed after 14 days 

with CO
2
, and the splenocytes removed and cultured with 

Con-A for 72 hours. IFN-γ levels in the culture medium were 

measured by ELISA.

Statistical methods
The mean ± standard deviation estimates were calculated 

from at least three separate experiments, performed in 

triplicate. The data were collated in a Microsoft Excel 2007 

file and analyzed using a Student t-test. A P-value , 0.05 

was considered to be statistically significant.

Results
Consistency of LCS101 batches
HPLC analysis of three LCS101 batches demonstrated 

standardization of the various batches, with comparable levels 

of absorbance observed at 260, 280, and 310 nm, as well as 

peaks demonstrating lower levels of absorbance (Figure 1).

Effect of LCS101 on T-cell proliferation
Murine spleen T-cell proliferation, as measured by 
3H-thymidine incorporation assay, was increased with 

LCS101 treatment (Figure 2A).

Effect of LCS101 on NK cell activation
An increase in NK cell activity was observed with the addition 

of LCS101 to human blood cell cultures, as expressed by the 

NK cell-activation marker CD69. Fluorescence-activated 

cell-sorter analysis of the human peripheral leukocytes studied 

found dose-dependent NK cell activation, with 2% activation 

in untreated samples, 12% in IL-2 treated cells, and 18% with 

LCS101 treatment at a dose of 200 µg/mL (Figure 2B).

Effect of LCS101 on cytokine activity
A dose-dependent increase in the secretion of TNF-α from 

RAW264.7  macrophages was observed with LCS101 
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Figure 1 High-performance liquid chromatography spectrogram of three LCS101 batches, using a C18 column and moving phase of acetonitrile-ammonium formate 
(1 mL/minute) and read at a diode array detector-ultraviolet (DAD-UV) of 260, 280, and 310 nm.
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Figure 2 Effect of LCS101 on (A) murine T-cell activation, as seen via 3H-thymidine incorporation; (B) human natural killer cell activation, as seen by the expression of the 
natural killer cell-activation marker CD69.
Note: Interleukin 2 (1 ng/mL) was used as a positive control.
Abbreviation: ConA, concanavalin A; cpm, counts per minute.

treatment, with TNF-α levels increasing 100-fold when 

compared to untreated cells (Figure 3). Secretion of IL-10 

was not affected by treatment with the study compound.

Effect on IFN-γ production following 
5-FU/doxorubicin exposure
IFN-γ levels in ConA-treated splenocytes were significantly 

reduced in mice treated with IP 5-FU, and were unaffected 

by those that received IP doxorubicin treatment. The levels 

of IFN-γ were corrected following exposure to LCS101 in 

mice treated with 5-FU, and increased further in those treated 

with doxorubicin (Figure 4A and B).

Toxicity of LCS101 treatment 
(MTT, apoptosis, adverse events)
No effect was observed regarding growth or function 

of ConA-stimulated murine splenic T cells, and no cell 

toxicity was found in MTT or cell apoptosis. No visible 

signs of toxicity, such as sedation/immobility or irritability/

hyperactivity were observed following exposure to LCS101, 
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including at higher doses of the compound. No difference in 

weight was observed between treated spleens and controls, 

though a trend for reduced tumor mass was observed with 

LCS101 treatment which was not statistically significant.

Discussion
Treatment with the botanical compound LCS101 has been 

observed to result in a number of immunomodulatory effects 

in both in vitro and in vivo models. LCS101 has been shown 

in prior research to have anticancer effects in an in vitro 

model,10 as well as protective effects against chemotherapy-

induced hematological toxicities.11 The exact mechanism of 

these outcomes is as yet unclear, though it is likely that the 

effects of the compound on the immune response may have 

important indirect anticancer effects.

In the present study, LCS101 was found to increase murine 

splenic T-cell proliferation, as measured by 3H-thymidine 

incorporation assay. Adaptive T-cell immunity is important in the 

fight against cancer, particularly stimulation of the Th1 pathway. 

Direct inhibition of tumor growth may result from antitumor 

cytotoxic-T-cell activity and cytokine-mediated lysis of tumor 

cells. In contrast, regulatory T cells that suppress antitumor T-cell 

responses can promote tumor development by humoral immune 

responses, which increase chronic inflammation in the tumor 

microenvironment.3 Tumor infiltration with adaptive immune 

cells such as T lymphocytes is associated with an improved 

prognosis.33–36

A number of LCS101 components have been shown to 

augment the adaptive immune response to antigen challenge. 

The β-(1→3)-d-glucan of Poriaecocos, as well as the 

components Ophiopogon japonicus and Oldenlandia diffusa, 

have been shown to increase murine splenic mass.14,24,27 

Increased lymphocyte production and activity have been 

observed with Ligustrum lucidum following ConA stimulation,12 

and flavonoids in Astragalus membranaceous have been shown 

to promote lymphocyte proliferation, as well as raise T-cell 

counts, regulate T-cell subsets, and elevate lymphokine activated 

killer cell-inducing activity induced by IL-2.37,38 Atractylodes 

macrocephala has been shown to stimulate lymphocyte 

proliferation, antibody production, and cytokine secretion in 

vitro, showing a preferential stimulation of Th1-type immune 

responses.16,17 Finally, the component Lycium chinense has been 

shown to stimulate Th1 cytokine production.39

In the current study, LCS101 was found to induce a dose-

dependent upregulation of NK cell activation in the blood 

cells of healthy human subjects. NK cells are considered to 

be a central mediator in the “cross talk” between the adaptive 

and the innate immune systems, and play an important role 
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Figure 3 Effect of LCS101 on tumor necrosis factor-α secretion in RAW 264.7 macrophages.
Abbreviation: LPS, lipopolysaccharide.
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in the inhibition and killing of tumor cells.40 The LCS101 

component Astragalus membranaceus has been shown to 

stimulate NK-cell activity in human peripheral lymphocytes, 

as well as restoring steroid-inhibited NK-cell activity.41 

Polysaccharides of this herb were shown to enhance NK cell 

activity of normal subjects and patients with systemic lupus 

erythematosus.42

LCS101 was also shown to enhance cytokine production, 

increasing TNF-α secretion from murine macrophages 100-

fold when compared to untreated controls. TNF-α is a potent 

antitumor cytokine that enhances the activity of macrophages, 

NK cells, and cytotoxic T cells.43 The polysaccharide fraction 

PV2IV of Prunella vulgaris has been shown to increase 

levels of TNF-α,28 and Astragalus membranaceus to stimulate 

markedly macrophage production of TNF-α and IL-6.14

Finally, LCS101 was observed to increase production of 

IFN-γ, correcting decreased levels following 5-FU treatment, 

and increasing unaltered levels of the cytokine following 

exposure to doxorubicin. IFN-γ production is induced by 

T cells, NK cells, and macrophages, and plays a role in 

the inhibition of tumor growth, promotion of Th1 immune 

responses, and differentiation of cytotoxic NK and T cells. 

Immune-competent mice who lack IFN-γ fail to normalize 

tissue homeostasis and clear low-level microbial infections, 

resulting in chronic inflammation with an increased incidence 

of hematological and solid-tissue cancers.44 The LCS101 

component Lycium chinense has been shown to activate IFN-γ 

gene transcription and protein production,39 and the component 

Citrus reticulate to significantly increase the protein level of 

IFN-γ, as well as restoring TNF-α to normal levels.18
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Figure 4 Effect of LCS101 on postchemotherapy interferon-γ production, as measured by enzyme-linked immunosorbent assay. The agents used were (A) intraperitoneal 
fluorouracil (5-FU; 200 mg/kg); and (B) intraperitoneal doxorubicin (5 mg/kg).
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In conclusion, the present study found the botanical 

compound LCS101 to have a number of effects on both 

innate and adaptive immune processes, with potential indi-

rect anticancer activity. No side effects were observed in 

mice treated with the botanical compound, and no negative 

effects were observed on the response to chemotherapy or 

tumor mass. Further research is needed in order to under-

stand the molecular immunomodulatory pathways affected 

by both the individual components and the compound as 

a whole, as well as the clinical implications for this treat-

ment option.
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