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ABSTRACT A Chlorella powder was screened using 52 in vitro assay systems for enzyme activity, receptor binding, cel-
lular cytokine release, and B and T cell proliferation. The screening revealed a very potent inhibition of human protein tyro-
sine phosphatase (PTP) activity of CD45 and PTP1C with 50% inhibitory concentration (IC50) values of 0.678 and 1.56 �g/mL,
respectively. It also showed a moderate inhibition of other PTPs, including PTP1B (IC50 � 65.3 �g/mL) and T-cell-PTP (114
�g/mL). Other inhibitory activities and their IC50 values included inhibition of the human matrix metalloproteinases (MMPs)
MMP-1 (127 �g/mL), MMP-3 (185 �g/mL), MMP-7 (18.1 �g/mL), and MMP-9 (237 �g/mL) and the human peptidase cas-
pases caspase 1 (300 �g/mL), caspase 3 (203 �g/mL), caspase 6 (301 �g/mL), caspase 7 (291 �g/mL), and caspase 8 (261
�g/mL), as well as release of the cytokines interleukin (IL)-1� (44.9 �g/mL), IL-2 (14.8 �g/mL), IL-4 (49.2 �g/mL), IL-6
(34.7 �g/mL), interferon-� (31.6 �g/mL), and tumor necrosis factor-� (11 �g/mL) from human peripheral blood mononu-
clear cells. Chlorella also inhibited B cell proliferation (16.6 �g/mL) in mouse splenocytes and T cell proliferation (54.2
�g/mL) in mouse thymocytes. The binding of a phorbol ester, phorbol 12,13-dibutyrate, to its receptors was also inhibited by
Chlorella with an IC50 of 152 �g/mL. These results reveal potential pharmacological activities that, if confirmed by in vivo
studies, might be exploited for the prevention or treatment of several serious pathologies, including inflammatory disease and
cancer.
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INTRODUCTION

CHLORELLA is a nearly spherical unicellular green algae
with a diameter of 3–8 �m, and is believed to have sur-

vived for more than 2 billion years, since the original eu-
karyotic organisms first came into existence on earth. Tax-
onomically speaking, it belongs to the genus of Chlorella,
which is a member of the Class Chlorophyceae; the
Chlorella genus is further subdivided, and currently several
tens of species are known.1 Owing to its protein content, as
high as 60%, research was started in Japan soon after World
War II on its utilization as a food resource. Currently no re-
search continues for that purpose, but since the latter half of
the 1960s Chlorella has been used as a health-promoting nu-
tritional supplement and health food, contributing nutrients
such as protein, vitamins, minerals, fiber, and chlorophyll
as well as bioactive phytochemicals. Numerous human and

animal experiments have documented a variety of pharma-
cological effects of Chlorella and Chlorella extract, includ-
ing improving hypertension2,3 and lipid metabolism,4 en-
hancing anti-tumor5–7 and antibacterial8 activities, and
promoting dioxin excretion.9 Tanaka et al.5 subcutaneously
transplanted Meth A tumor cells into BALB/c mice and then
injected Chlorella extract into the tumors at four dosage lev-
els of 2, 10, 50, and 250 mg/kg post-transplantation. They
found that the injections dose-dependently prevented in-
creases in tumor weight and prolonged survival. When they
repeated the same experiments on athymic nude mice, they
found the benefits of Chlorella extract to be reduced or elim-
inated, thereby suggesting that T cells and macrophages
might be involved in the anti-tumor effect of Chlorella.

Komiyama et al.10 treated female ddy mice with an acidic
polysaccharide extracted from Chlorella, and confirmed the
positive augmentation of macrophage activities and reticu-
loendothelial functions.

Furthermore, Kanouchi et al.11 orally treated male
Sprague–Dawley rats with Chlorella powder to study its ef-
fects on serum antibody levels and antibody production by
splenic lymphocytes and by lymphocytes of the mesenteric
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lymph nodes. Their results confirmed that Chlorella en-
hanced immunoglobulin (Ig) M antibody production by cir-
culating lymphocytes and lymphocytes of mesenteric lymph
nodes as well as IgG antibodies by splenic lymphocytes and
lymphocytes of mesenteric lymph nodes.

In a previous study we found that Chlorella powder has
an anti-tumor effect against mouse mammary adenocarci-
noma (adenocarcinoma 755) cells subcutaneously trans-
planted into BDF1 mice (authors’ unpublished data). In an
attempt to elucidate the mechanism of action, we conducted
this in vitro study using 52 assay systems to screen for the
potential effects of Chlorella powder on receptor binding,
enzyme activities, and immunomodulatory activity.

MATERIALS AND METHODS

Materials

Chlorella powder from Chlorella pyrenoidosa (SUN
CHLORELLA strain) was produced (lot number SCA2216)
by Sun Chlorella Corp. (Kyoto, Japan). The powder was pre-
pared by crushing the cell walls in a Dyno mill (WAB, Inc.,
Maschinenfabrick, Basel, Switzerland) and spray drying.
The Chlorella powder was weighed and dissolved in 100%
dimethyl sulfoxide (DMSO) to make a 75 mg/mL stock so-
lution and stored at �20°C, and serial dilutions were pre-
pared with DMSO on the day of assays. Chemicals used in
the receptor binding, enzyme, and cellular assays were pur-
chased from the following commercial suppliers: active ma-
trix metalloproteinase (MMP) enzymes MMP-1, -3, -7, and
-9 from Calbiochem (La Jolla, CA); MCA (7-methoxy-
coumarin-4-yl)-Pro-Leu-Gly-Leu-DPA [N-3-(2�,4�-dinitro-
phenyl)-L-2,3-diaminopropionyl]-Ala-Arg-NH2 (Bachem,
Bubendorf, Switzerland); caspases 1, 3, and 8 and acetyl-
YVAD-7-amino-4-methylcoumarin (AMC) fluorogenic
substrate for caspase 1, acetyl-DEVD-AMC fluorogenic
substrate for caspases 3 and 7, and acetyl-IETD-AMC flu-
orogenic substrate for caspase 8 from Biomol (Plymouth
Meeting, PA); caspases 6 and 7 (Pharmingen, San Diego,
CA); acetyl-VEID-AMC fluorogenic substrate for caspase
6, poly(Glu,Tyr) (4:1), 3-(N-morpholino)propanesulfonic
acid (MOPS), 4-(2-hydroxyethyl)piperazine-1-ethanesul-
fonic acid (HEPES), lipopolysaccharide (LPS), con-
canavalin A (Con A), and phorbol 12,13-dibutyrate (PDBu)
from Sigma Chemical Co. (St. Louis, MO); Fyn (p55fyn),
protein tyrosine phosphatase (PTP) 1B, PTP1C, and tyro-
sine phosphopeptide from UBI (Lake Placid, NY);
[3H]PDBu and [3H]thymidine from Perkin Elmer (Boston,
MA); T-cell-PTP (TC-PTP) (New England Biolabs, Bev-
erly, MA); enzyme-linked immunosorbent assay (ELISA)
kits for interleukin (IL)-1�, interferon (IFN)-�, IL-2, IL-4,
IL-6, and tumor necrosis factor (TNF)-� from R&D Sys-
tems (Minneapolis, MN); human peripheral blood mononu-
clear cells (PBMNs) from the Chinese Blood Services Foun-
dation (Taipei, Taiwan); ICR mice from MDS Pharma
Services (Taipei); human recombinant CD45 from MDS
Pharma Services (Bothell, WA); and DMSO from Merck
(Darmstadt, Germany).

Methods

In this study, we used 25 enzymatic and 27 receptor/cel-
lular assays, but describe the materials and methods only for
the assays demonstrating some activities.

PTPase assays of CD45/PTP1C

Wells were coated overnight with fyn kinase-phosphory-
lated substrate poly(Glu:Tyr) (4:1). The reaction was initi-
ated by addition of Chlorella powder and/or vehicle and the
appropriate dilution of enzyme in imidazole buffer (pH 7.2)
at room temperature for 20 minutes for CD45 and 30 min-
utes for PTP1C.12–15 An ELISA was used for quantitation
of poly(Glu:Tyr-P).

PTPase assays of PTP1B/TC-PTP

Wells were coated with substrate tyrosine phosphopeptide
overnight. The reaction was initiated by addition of Chlorella
powder and/or vehicle and enzyme in imidazole buffer (pH
7.2) at room temperature for 30 minutes.16,17 An ELISA was
used for quantitation of tyrosine phosphopeptide.

Peptidase (MMP) assays of MMP-1, -3, -7, and -9

Chlorella powder and/or vehicle was preincubated for 60
minutes at 37°C with the active enzyme in a reaction mixture
containing modified 50 mM MOPS (pH 7.2). The reaction was
initiated by addition of MCA-Pro-Leu-Gly-Leu-DPA-Ala-
Arg-NH2 and incubated for 120 minutes at 37°C.18–20 Enzyme
activity was determined spectrofluorometrically with excita-
tion at 460 nm and emission at 520 nm by measuring the for-
mation of fluorescent MCA-Pro-Leu-Gly.

Peptidase (caspase) assays of caspases 1, 3, 6, 7, and 8

Chlorella powder and/or vehicle was incubated with cas-
pase and fluorogenic substrate in modified 50 mM HEPES
(pH 7.4) for 180, 60, 120, 60, and 60 minutes for caspases
1, 3, 6, 7, and 8, respectively at 37°C.21–24 The proteolytic
product was then read spectrofluorometrically with excita-
tion at 360 nm and emission at 465 nm.

Cellular assays of release of the mediators IL-1�, 
IL-6, and TNF-�

Chlorella powder and/or vehicle was incubated with 25
ng/mL LPS-stimulated human PBMNs in pH 7.4 medium
overnight at 37°C.25 Cytokine levels in the conditioned
medium were then quantitated using a sandwich ELISA kit.

Cellular assays of release of the mediators IFN-�, 
IL-2, and IL-4

Chlorella powder and/or vehicle was incubated with 20
�g/mL Con A-stimulated human PBMNs in pH 7.4 medium
overnight at 37°C.25 Cytokine levels in the conditioned
medium were then quantitated using a sandwich ELISA kit.
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B-cell � LPS proliferation assays

Chlorella powder and/or vehicle and 10 �g/mL LPS-
stimulated B lymphocytes isolated from the spleen of
BALB/c mice were incubated with [3H]thymidine for 48
hours at 37°C.26,27 Bound radioligands were separated from
free by vacuum filtration using a Micro96 harvester (Ska-
tron Instruments, Inc., Tranby, Norway). Quantitation of
[3H]thymidine incorporation in the filter was determined us-
ing a scintillation counter.

T-cell � Con A proliferation assays

Chlorella powder and/or vehicle and 3 �g/mL ConA-
stimulated T lymphocytes isolated from the thymus of
BALB/c mice were incubated with [3H]thymidine for 48
hours at 37°C.26,27 Bound radioligands were separated from
free by vacuum filtration using a Micro96 harvester. Quan-
titation of [3H]thymidine incorporation in the filter was de-
termined using a scintillation counter.

Receptor binding assay using [3H]PDBu

An aliquot of mouse brain membrane prepared in modi-
fied Tris-HCl buffer was incubated with 3 nM [3H]PDBu
for 60 minutes at 25°C. Nonspecific binding was estimated
in the presence of 1 �M PDBu.28 Membranes were filtered
and washed, and residual radioactivities on the filters were
counted to determine specifically bound [3H]PDBu.

Equipment

A Spectrafluor Plus (Tecan, Grodig, Austria) fluorome-
ter was used for spectrofluorometric and ELISA quantita-
tion. [3H]Thymidine incorporation and amount of [3H]PDBu
specifically bound were quantitated by counting on a Mi-
crobeta scintillation counter and Betaplate scintillation
counter (both from Wallac, Turku, Finland), respectively.

Calculation and data analysis

Chlorella powder was tested at 300 �g/mL in duplicate.
A concentration–response study was conducted if activity at
300 �g/mL was �50% inhibition. The percent inhibition
was calculated as follows:

Inhibition (%) �

�1 �

Counts of sample � Counts of
minimum control

Counts of maximum control � Counts of�
minimum control

� 100%

The 50% inhibitory concentration (IC50) values were esti-
mated by non-linear regression using Data Analysis Tool-
box™ (MDL Information System, Inc., San Leandro, CA).

RESULTS

We used 52 in vitro assay systems to screen for 25 en-
zyme and 27 receptors/cellular activities. Chlorella powder

exhibited inhibitory activity in the following assays, with
IC50 values ranging from 0.678 to 301 �g/mL.

Potent inhibitory activities were observed for the follow-
ing: CD45 and PTP1C PTPs (IC50 of 0.678 and 1.56 �g/mL,
respectively). The inhibitory ability of Chlorella powder was
stronger than those of sodium orthovanadate (IC50 of 2.6
and 77 �g/mL, respectively) and ammonium heptamolyb-
date (IC50 of 17 and 1,235 �g/mL, respectively), which are
known to be potent inhibitors of PTP.

Moderate inhibitory activities were observed for the fol-
lowing: production of the cytokines TNF-�, IL-2, IFN-�,
IL-6, IL-1�, and IL-4; proliferation of LPS-stimulated B
cells and Con A-stimulated T cells; and enzyme activity of
MMP-7, PTP1B, the protein tyrosine kinase Lck, TC-PTP,
MMP-1, phorbol ester receptor, and MMP-3 (IC50 range,
11-185 �g/mL).

Weak inhibitory activities were observed for the following:
the peptidases caspase 1, caspase 3, caspase 6, caspase 7, and
caspase 8; MMP-9; and the transcription response action of
nuclear factor of activated T cells (IC50 range, �200 �g/mL).

The moderate and weak activities of this powder in the
assays mentioned above were weaker than reference stan-
dard compounds tested in each assay, but are briefly de-
scribed since the inhibitory activity is still significant.

The Chlorella powder did not show any significant inhi-
bition in other enzyme and receptor binding/cellular assays
(data not shown). Tables 1–6 summarize the results.
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TABLE 1. CHLORELLA POWDER INHIBITION OF PTP ACTIVITY OF

HUMAN RECOMBINANT CD45, PTP1B, PTP1C, AND TC-PTP

PTP assayed IC50 (�g/mL)

CD45 0.678
PTP1B 65.3
PTP1C 1.56
TC-PTP 114

Chlorella powder was tested in duplicate at serial concentra-
tions from 300 to 0.3 �g/mL in 1% DMSO for each enzyme 
assay. IC50 values were calculated by non-linear regression
analysis.

TABLE 2. CHLORELLA POWDER INHIBITION OF MMP ACTIVITY OF

HUMAN RHEUMATOID SYNOVIAL FIBROBLAST MMP-1 OR HUMAN

RECOMBINANT MMP-3, MMP-7, AND MMP-9

Peptidase MMP assayed IC50 (�g/mL)

MMP-1 127
MMP-3 185
MMP-7 18.1
MMP-9 237

Chlorella powder was tested in duplicate at serial concentra-
tions from 300 to 0.3 �g/mL in 1% DMSO for each enzyme 
assay. IC50 values were calculated by non-linear regression
analysis.



DISCUSSION

We screened a Chlorella powder in a battery of 52 in vitro
assay systems for inhibition of immune cell proliferation,
cytokine production, and various enzyme activities.

Chlorella powder was found to very potently inhibit the
CD45 and PTP1C PTPs. The CD45 PTP is a member of the
receptor-like transmembrane protein phosphatase family.
Studies have shown that CD45 is essential for the T-cell re-
ceptor to couple to second messenger pathways, IL-2 pro-
duction, and the proliferative response of T cells to specific
antigens. One model of CD45 action postulates that its role
is to dephosphorylate lck on the regulatory tyrosine, making
it possible for the kinases to respond to T-cell receptor occu-
pancy.12,13,29–32 Inhibition of CD45 tyrosine phosphatase ac-
tivity would likely have immunomodulatory effects.

PTP1C, also known as HCP, SHP and SH-PTP1, is a non-
transmembrane type protein tyrosine phosphatase that con-
tains two src homology-2 (SH2) domains. The SH2 domain
is believed to have dual roles: as a facilitator promoting in-
teractions between cytoplasmic signaling molecules and
specific phosphotyrosyl residues on activated (i.e., au-
tophosphorylated) growth factor receptors, and as a self-reg-
ulator of phosphatase activity. Its function has recently been
linked to immune regulatory activity.14,15,30 Inhibition of
PTP1C activity by Chlorella has the potential for therapeu-
tic benefits for autoimmune diseases. Other PTPs such as
PTP1B and TC-PTP are also moderately inhibited by the
Chlorella powder.

PTP1B is a major intracellular PTP first isolated from hu-
man placenta. It consists of a single catalytic domain and a
hydrophobic carboxyl terminus responsible for localizing
the enzyme to the endoplasmic reticulum. PTP1B is in-
volved in regulating tyrosine kinases by controlling their
phosphorylation status. Overexpression of this enzyme has
been linked to several oncogenic diseases. Studies conducted
on frozen sections from ovarian and breast cancer patients
indicate increased expression of PTP1B along with other
protein tyrosine kinases.16,33–35 Inhibitory activity by
Chlorella powder has the potential for the prevention and
treatment of breast and ovarian cancers.

TC-PTP belongs to a diverse family of PTPs that, along
with other kinases, regulate the critical level of phosphory-
lation necessary for intracellular signaling, cell growth, and
differentiation. TC-PTP is a 48-kDa intracellular phos-
phatase consisting of a single catalytic domain and a non-
catalytic C-terminal segment that plays an important role in
the regulation and localization of phosphatase activity.17,36

T-cell tyrosine phosphatase inhibition by Chlorella powder
has potential as an inhibitor of T-cell proliferation.

Chlorella powder was found to inhibit the MMPs MMP-
1, -3, -7, and -9. The inhibition of MMP-7 was about seven
to 13 times stronger than that of the other three MMPs when
comparing their IC50 values. The MMP family shares sig-
nificant sequence homology and a common multidomain
structure. On the basis of their preferred substrates, they can
be divided into five main classes: collagenases, gelatinases,
stromelysins, membrane-type MMPs, and others. These en-
zymes demonstrate very low activity in normal tissue but
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TABLE 3. CHLORELLA POWDER INHIBITION OF HUMAN

RECOMBINANT CASPASES 1, 3, 6, 7, AND 8

Peptidase caspase assayed IC50 (�g/mL)

Caspase 1 �300
Caspase 3 �203
Caspase 6 �301
Caspase 7 �291
Caspase 8 �261

Chlorella powder was tested in duplicate at serial concentra-
tions from 300 to 0.3 �g/mL in 1% DMSO for each enzyme 
assay. IC50 values were calculated by non-linear regression
analysis.

TABLE 4. CHLORELLA POWDER INHIBITION OF CYTOKINE

PRODUCTION IN HUMAN PBMNS

Mediator release assayed IC50 (�g/mL)

IL-1� 44.9
IL-2 14.8
IL-4 49.2
IL-6 34.7

IFN-� 31.6
TNF-� 11.0

Chlorella powder was tested in duplicate at serial concentra-
tions from 300 to 0.03 �g/mL in 0.1% DMSO for each cytokine 
assay. IC50 values were calculated by non-linear regression
analysis.

TABLE 5. CHLORELLA POWDER INHIBITION OF CELL

PROLIFERATION IN MOUSE SPLENOCYTES AND THYMOCYTES

Cell proliferation assay IC50 (�g/mL)

B cells � LPS 16.6
T cells � Con A 54.2

Chlorella powder was tested in duplicate at serial concentra-
tions from 300 to 0.03 �g/mL in 0.4% DMSO for each cell 
proliferation assay. IC50 values were calculated by non-linear
regression analysis.

TABLE 6. CHLORELLA POWDER INHIBITION OF PHORBOL

ESTER RECEPTOR BINDING IN ICR MICE

Binding assayed IC50 (�g/mL)

Phorbol ester 152

Chlorella powder was tested in duplicate at serial concentra-
tions from 300 to 0.3 �g/mL in 1% DMSO for the binding 
assay. IC50 values were calculated by non-linear regression
analysis.



are up-regulated and/or activated during inflammation and
physiological remodeling processes in response to specific
stimuli, including cytokines, growth factors, and extracellu-
lar matrix interactions.18–20,37,38 Inhibition of MMPs by
Chlorella extract has potential for intervention in cancer,
rheumatoid arthritis, autoimmune diseases, periodontitis, tis-
sue ulceration, atherosclerosis, aneurysm, and heart failure.

Chlorella powder had a weak inhibitory activity against
caspases 1, 3, 6, 7, and 8. Caspases are the executioners of
programmed cell death (apoptosis), a normal process used
physiologically to eliminate specific cells or cell types with-
out damaging surrounding cells or causing an inflammatory
response. All caspases belong to a family of proteases char-
acterized by a cysteine residue in the active site and display
specificity for Asp residues. Caspases are present in all cells
as a procaspase, which becomes activated through prote-
olytic cleavage by other proteases, including other cas-
pases.21–24,39,40 Caspase inhibition by Chlorella powder
could have potnential therapeutic efficacy for such diseases
as Alzheimer’s disease, Parkinson’s disease, and cerebral or
myocardial ischemia, but would be contraindicated for other
diseases such as cancer.

Chlorella powder moderately blocked IL-1�, IL-2, IL-4,
IL-6, IFN-�, and TNF-� release from human PBMNs. IL-
1� activates adenylate cyclase to elevate cyclic AMP lev-
els, resulting in activation of protein kinase A, and induces
nuclear factors that serve as cellular gene transcription ac-
tivators. IL-1� induces synthesis of enzymes that generate
prostaglandins, resulting in fever. At low concentrations, the
effects of IL-1� are primarily immunoregulatory. IL-1� acts
with polyclonal activators to facilitate CD4� T lymphocyte
proliferation as well as B lymphocyte growth and differen-
tiation. IL-1� stimulates multiple cells to act as immune or
inflammatory response effector cells, and also induces its
own synthesis as well as that of IL-6 by mononuclear phago-
cytes and vascular endothelial cells. IL-1� resembles TNF
in its pro-inflammatory properties.

IL-2 facilitates the formation of other cytokines produced
by T lymphocytes, including IFN-� and lymphotoxins. In-
adequate IL-2 synthesis may lead to antigen-specific T lym-
phocyte anergy. IL-2 promotes natural killer (NK) cell
growth and potentiates the cytolytic action of NK cells
through generation of lymphokine-activated killer cells. IL-
2 promotes the responsiveness of immature bone marrow
cells to other cytokines. In the thymus, IL-2 may promote
immature T cell growth.

IL-4 serves as a growth and differentiation factor for B
cells, mast cells, and macrophages and is a switch factor for
synthesis of IgE in mice. It also promotes clonal growth of
CD4� T cells and enhances class II major histocompatabil-
ity complex (MHC) molecule expression and enlargement
of resting B lymphocytes. Both murine and human IL-4 in-
duces switching of B lymphocytes to synthesize IgE. Hu-
man IL-4 also induces CD23 expression in B lymphocytes
and macrophages in humans. IL-4 may have some role in
cell-mediated immunity.

IL-6 may act on many types of cells. A significant func-

tion is its ability to cause B lymphocytes to differentiate into
cells that synthesize antibodies. IL-6 is also known as he-
patocyte stimulating factor because it induces hepatocytes
to form acute-phase proteins, including fibrinogen. It is the
main growth factor for activated B lymphocytes late in B
cell differentiation. IL-6 also acts as a co-stimulator of T
lymphocytes and of thymocytes. It acts in concert with other
cytokines that promote the growth of early bone marrow
hematopoietic stem cells. IL-6 acts as an inducer of the
acute-phase response by controlling the transcription levels
of acute-phase proteins.

IFN-� has antiproliferative and antiviral properties. IFN-
� is a powerful activator of mononuclear phagocytes, in-
creasing their ability to destroy intracellular microorganisms
and tumor cells. It causes many types of cells to express
class II MHC molecules and can also increase the expres-
sion of class I MHC molecules. IFN-� facilitates differen-
tiation of both B and T lymphocytes. It is a powerful acti-
vator of NK cells and also activates neutrophils and vascular
endothelial cells. IFN-� is decreased in chronic lymphocytic
leukemia, lymphoma, and IgA deficiency as well as in those
infected with rubella virus, Epstein–Barr virus, and cy-
tomegalovirus. Recombinant IFN-� has been used in the
treatment of a variety of conditions, including chronic lym-
phocytic leukemia, mycosis fungoides, Hodgkin’s disease,
and various other disorders. IFN-� was also found to be ef-
fective in decreasing synthesis of collagen by fibroblasts and
might have potential for the treatment of connective tissue
disorders.

TNF-� is a cytotoxic monokine produced by macrophages
stimulated with bacterial endotoxin. TNF-� participates in in-
flammation, wound healing, and regeneration of tissue. TNF-
�, also known as cachectin, can induce septic shock and
cachexia. It facilitates leukocyte recruitment, induces angio-
genesis, and promotes fibroblast proliferation. TNF-� can
combine with receptors on selected tumor cells and induce
cell lysis. It mediates the antitumor action of murine natural
cytotoxic cells, which distinguishes their function from that
of NK and cytotoxic T cells. TNF-� was termed cachectin
because of its ability to induce wasting and anemia when ad-
ministered chronically to experimental animals.

These responses are necessary in order to modulate phys-
iological processes. However, the sudden increase in the
concentration of pro-inflammatory cytokines such as TNF-
�, IFN-�, IL-1�, and IL-6 that occurs from exposure to a
superantigen or during a massive infection is also called a
“cytokine storm,” and results in host system shock. Over-
shooting activation of IL-4 could be linked to allergic asthma
and atopic dermatitis. Several cancer types have been asso-
ciated with production of high levels of IL-6. Furthermore,
inflammation may lead to atherosclerosis and be closely cor-
related to additional human disease processes.25,41–43 There-
fore, inhibition of pro-inflammatory cytokines by Chlorella
powder could have profound therapeutic benefit.

Chlorella powder was found to inhibit B and T cell pro-
liferation in mouse splenocytes and thymocytes, respec-
tively. Lymphocytes are small white blood cells that bear
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the major responsibility for carrying out the activities of the
immune system; their number is about 1012 in healthy per-
son. The two major classes of lymphocytes are B cells,
which grow to maturity in bone marrow, and T cells, which
are processed in the thymus. Both B cells and T cells rec-
ognize specific antigen targets. B cells work chiefly by se-
creting soluble substances called antibodies into the body
fluids, or humors (humoral immunity). Antibodies typically
interact with circulating antigens such as bacteria and toxic
molecules, but are unable to penetrate living cells. T cells,
in contrast, interact directly with their targets, attacking body
cells that have been commandeered by viruses or undergone
malignant transformation (cellular immunity).26,27,44,45

Chlorella powder actively inhibits B and T cell prolifera-
tion, and may be regarded as a possible immunosuppressant
for autoimmune disease treatment.

Binding of phorbol esters to receptors initiates multiple
changes in cell function. The typical phorbol ester repre-
sents the paradigm for a tumor promoter established in mul-
tistage carcinogenesis mediated by protein kinase C en-
zymes. However, novel phorbol ester receptors have
recently been discovered with Rac-GTPase-activating pro-
tein activity, and identified as Ras guanyl-releasing proteins
that enhance Ras signaling.28,46 Inhibition of phorbol ester
binding by Chlorella powder may have potential for block-
ing cell transformation.

CONCLUSION

In vitro screening of Chlorella powder revealed a mod-
erate inhibition of a wide variety of cytokines, MMPs, B
cell and T cell proliferation, and phorbol ester binding.
Chlorella strongly inhibited PTPs such as CD45 and PTP1C
and moderately inhibited PTP1B and TC-PTP. If the activ-
ities are confirmed in in vivo systems they could have im-
portant implications for inflammatory disease as well as di-
abetes, immune dysfunctions, cell proliferation disorders,
and disease of the brain. These results identify important ac-
tivities that should be more closely investigated in future
studies.
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