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Case report

Sustained complete remission of CLL associated with the use of a
Chinese herbal extract: case report and mechanistic analysis
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Abstract

We report the case of a man with chronic lymphocytic leukemia (CLL) who, in the absence of cytotoxic chemotherapy, began taking a
Chinese herbal extract. Shortly thereafter, he experienced a steady decline of his lymphocytosis and adenopathy, and he remains in remissiol
now over 10 years later. The herbal extract inhibited the survival of primary CLL cells under in vitro culture conditions. However, it did
not inhibit the activation of Akt or MAP kinase, nor did it inhibit the serine phosphorylation of STAT1. Thus, through an as yet unknown
mechanism, this extract appears to exert pro-apoptotic effects in CLL.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction was told to boil these in water, allow the mixture to cool
and concentrate by evaporation, then strain and drink daily.
The patient, a 57-year-old man, presented to his pri- Subsequently, the patient's WBC count and absolute lym-
mary physician in December 1990 with flu like symptoms phocyte count (ALC) steadily decreasdeig. 1), and his
and fatigue, and was found to have a white blood cell lymphadenopathy resolved. By March 1992, the WBC count
(WBC) count of 39,400, with greater than 90% lympho- was 10,000 with 13% lymphocytes. In March 1993, the
cytes, hemoglobin 13.1, and platelet count of 280,000. A WBC count was 5300 with 25% lymphocytes. At that time,
blood smear showed a preponderance of mature appearingpone marrow biopsy showed 16% lymphocytes. Flow cy-
lymphocytes. Bone marrow biopsy revealed an infiltration tometry at this time no longer revealed a clonal population of
of lymphocytes representing 64% of the cellularity. Mildly lymphocytes consistent with chronic lymphocytic leukemia
enlarged cervical, axillary, and inguinal lymph nodes were (CLL). The patient traveled extensively for his job. A nota-
detected on examination, and CT scan of the chest andtion in a medical record indicated that when he was unable
abdomen revealed mildly enlarged axillary and paraortic to have access to the herbal extract for 2 months, his WBC
lymph nodes. Immunophenotyping revealed a population of count rose, although documentation of the values was not
CD19+ cells which were monoclonal for kappa light chain, available.
and weakly expressed CD5. PCR analysis demonstrated a The patient subsequently left the country for 4 years.
clonal immunoglobulin heavy chain rearrangement. When he returned in March 1997, he was taking the extract
In July 1991, the patient had a WBC count of 60,000. only weekly. His WBC count in March 1997 was 6300 with
At that time, he consulted with a practitioner of Chinese 24% lymphocytes. He maintained normal hematologic val-
medicine, who began to provide him with a mixture of what ues through his last visit in September 2000, without ever
the patient described as twigs, roots, and bark. The patienthaving received standard cytotoxic chemotherapy. At that
time, he had no peripheral adenopathy, and there was no
- evidence of a clonal population of lymphocytes in his pe-
Abpreviatione:ALC, absolute Iymphocyte count; (_ZLL, chronic lym- ripheral blood by either flow cytometry or PCR analysis for
phocytic leukemia; FBS, fetal bovine serum; STAT, signal transducer and . . . ..
activator of transcription; WBC, white blood cell |mmunoglopulrn gene rearrangements. It was at this vrsrt
* Corresponding author. Tel:1-617-632-4714; fax+1-617-632-6356.  that he provided a sample of his herbal extract. The patient
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70 | Began herbal extract Only cells with greater than 97% viability were used for sur-
60 - vival assays. Cells were resuspended at a density ofiTH
& 50 - cells/ml and cultured in the presence of herbal extract, black
E 40 1 tea, or green tea at the dilutions indicated. Cell density was
Q 4 determined by counting cells using a hemocytometer at the
z 30 time of culture initiation and every 24 h thereafter. Viability
20 7 was determined by trypan blue exclusion.
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CLL cells were cultured in RPMI/1640 containing 10%
fetal bovine serum. SVR hemangiosarcoma cfllswere
40 1 Secan horbal extract cultured in low glucose DMEM containing 10% FBS. Cells
35 14479 X were incubated with the herbal extract for 3h (CLL) or 1h
g 30 1 (SVR) at 37C and then harvested for Western blot analy-
% 251 sis. Cells were lysed in buffer containing 50 mM Tris—HCI,
9 f" ] pH 8.0, 250mM NaCl, 0.5% NP40, 2mM sodium or-
< 12 | thovanadate, 1mM phenylmethylsulfonyl fluoride, and
5 2mg/ml of pepstatin. Equal amounts of protein were re-
0 — e solved on 7% SDS-polyacrylamide gels and transferred
C L e e b e L e e o to nitrocellulose membrane. Blots were incubated with an
Q o ] D Y] [ oQ [ ] D o . . .
5 3 3 3 3 3 3 3 3 3 3 antibody that recognizes the serine phosphorylated form
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of STAT1 (Ser 727)[2], the phosphorylated form of Akt
(B) Year (Ser 473), or the phosphorylated form of p44/42 MAP
. . kinase (Thr202/Tyr204) (Cell Signaling Laboratories, Bev-
Fig. 1. (A) Total white blood cell (WBC) count and JBabsolute lym- .
phgocyte(czlunt (ALC) of the patienE prior)to and afterIinitiation ofyherbal erly, MA) using 1_:10_’000 (Ser'P'STATl) or 1:5_000 (P-Akt
extract. The breaks in the curves represent the time the patient was abroad®Nd P-MAPK) dilution of the antibody in Tris-buffered
and without the extract, in which he was reported to have experienced a saline/0.05% Tween 20 (TBST). The blots were stripped
rise in his WBC and ALC. and re-probed with antibodies that recognize the phospho-
rylated and unphosphorylated forms of STAT1 (Santa Cruz
herbal extract. He has remained in a hematologic completeBjotechnology, Santa Cruz, CA, SC-346), Akt, or p44/42
remission for an additional one and one-half years. MAP kinase (Cell Signaling Laboratories, Beverly, MA)
using a 1:20,000 (STAT1) or 1:5000 (Akt and MAPK) di-
lution of the antibodies. Blots were incubated with goat
anti-rabbit horseradish peroxidase-conjugated secondary
antibodies (Calbiochem, La Jolla, CA) and detection was
performed using the Renaissance chemiluminescent ECL
kit (NEN Dupont, Boston, MA).
The patient prepared his herbal extract as described in
Section 1 In September 2000, he provided approximately 2.4. PCR amplification of V(D)J transcripts
10 ml of this material for evaluation. It was a thick, dark
brown, cloudy liquid with little odor. The material was ster- RNA was extracted from & 10° B cells using the
ilized by passage through a 0.2R filter, aliquoted, and  RNeasy Total RNA kit (Qiagen, Valencia, CA). mRNA was
frozen at—20°C until use. Black tea and green tea (Lip- reverse transcribed using the Super-Script Preamplification
ton) were brewed according to the manufacturer’s directions, System for first strand cDNA synthesis (Life Technologies,

2. Materials and methods

2.1. Preparation of extracts

cooled, filter sterilized, and used as described. Carlsbad, CA). VH-DJH—-CH regions were amplified using
sense primers specific for the sequences of the different
2.2. CLL cell in vitro survival assay VH families together with antisense primers specific for

the CH 1-sequence and the Pfu Turbo DNA polymerase
CLL cells were obtained from the peripheral blood of un- (Stratagene, La Jolla, CA). Each reaction consisted of 30
treated patients after obtaining informed consent. Mononu- cycles (1 min denaturation at 9€, 1min annealing at
clear cells were separated by density centrifugation, and58°C, 1 min extension at 72, and 10 min extension at
frozen prior to use. For survival assays, cells were thawed, 72°C). The PCR cDNA products were purified, ligated into
and viable cell count was determined. Cells were cultured pCR-Blunt 1I-TOPO vector (Zero Blunt TOPO Cloning kit;
in RPMI/1640 containing 10% fetal bovine serum (FBS). Invitrogen, Carlsbad, CA), and transfected in TOP10 One
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Shot competent cells (Invitrogen). Bacterial colonies were treatment of primary CLL cells with the herbal extract had
selected for sequencing and 30 clones were sequenced. N@mo effect on either STAT1 expression, or its phosphoryla-
two colonies had the same IgH sequence, indicating thetion on serine 727Kig. 3A). Two other signaling cascades
absence of a clonal product. known to promote cellular survival are the phosphoinositide
3-kinase (PI3K)/Akt pathwaj8], and the Mek/MAP kinase
pathway[9]. Although both of these pathways may play a
3. Results role in the survival of CLL cells, their level of activation in
primary CLL cells is relatively low, limiting the ability to
Given the strong temporal correlation between the detect their inhibition. To assess the ability of the herbal ex-
patient’s initiation of this herbal ‘tea’, and the clinical and tract to inhibit these pathways, the endothelial-derived cell
molecular remission he experienced from his CLL, we ex- line SVR, which displays prominent activation of both Akt
amined whether this extract affected the survival of CLL and MAP kinase, was utilizefil]. Neither the PI3K/Akt
cells during in vitro culture. CLL cells from two differentun- ~ pathway nor the Mek/MAP kinase pathway were inhibited
treated patients were cultured in serum-containing medium by the herbal tea extract at the concentrations examined
in the presence or absence of the herbal extract. Given the(Fig. 3B).
small quantity of the extract available, it was necessary
to test the unfractionated material rather than to attempt a
partial separation of components. Thus, to control for the 4. Discussion
effect of solute concentration, black and green tea, each
of which has been purported to display anticancer activity  Although natural products have been the source of many
[3,4], were also used as controls. Primary CLL cells have medically important drugs, and herbal remedies are gaining
a very low growth fraction, and show no proliferation in in increasing popular acceptance, the identification of clini-
vitro culture. However, when cultured for up to 48 h, the vi- cally useful compounds from plant sources is a difficult un-
ability of the cells remains intact. By contrast, cells cultured dertaking. The complete clinical and molecular remission
in the presence of the herbal extract showed a decreased viof CLL in the absence of therapy is an extremely unusual
ability at 24 and 48 h of cultureg. 2). CLL cell viability event, and likely occurs in well under 1% of cadé$].
was affected minimally in the presence of black or green Its association with the use of an herbal extract raises the
tea. guestion of whether a substance in this material can medi-
To determine the mechanism by which the herbal extract ate an antitumor effect. If so, several potential mechanisms
inhibited the viability of CLL cells, we focused on three could be considered. One possibility is that a substance in
pathways which may play a role in the biology of CLL. the herbal extract was aiding in the generation of an immune
STAT transcription factors are serine phosphorylated in CLL response to the patient's CLL. Several observations would
cells, but not in normal B cellf?], and may be involved argue against this possibility. First, CLL cells are believed

in promoting the survival of these cel[$5—7]. However, to be relatively non-immunogenic, and sophisticated vaccine
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Fig. 2. CLL viability in the presence of herbal extract, black tea, or green tea. CLL cells from two separate patients were cultured for 48 h indbe presen

of herbal extract, black tea, or green tea at the dilutions indicated. Cell viability was determined by trypan blue exclusion every 24 h. Theltelative c
number was determined by comparing the number of cells in the treated sample to that of the untreated (Untx) cells. Results are expressed as the mean
+ standard error of mean.
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A) Herbal extract rectly as an inhibitor of CLL survival, as supported by the
in vitro experiments.
Untx 1:100 1:20 1:10 Given the apparent absence of side effects experienced

by this patient, and the normal hematopoiesis maintained
while taking this herbal medication for a period of 9 years,

such an active agent must be fairly potent and have a high
therapeutic index. Polyphenols present in teas and herbal

Ser-P-STAT1 s SR S S—

STAT1 "= S s R extracts have been described to have pro-apoptotic actions
T — —— [4]. The small amount of material provided for laboratory

evaluation precluded an analysis of active components or a
(B) Herbal extract detailed mechanistic evaluation of the inhibitory effect on
CLL cell survival. Nonetheless, three potential intracellular
Untx 1:100 1:50 1:20 mediators, STAT1, PI3K/Akt, and Mek/MAP kinase were

not modulated by the herbal extract. If more material be-
comes available, it would be worthwhile to focus on pro-
a o . teins which regulate survival and apopt05|s.|'n CLL ceII.s,
PoRkt -- such as members of the bax and bcl-2 families. Targeting
such molecules could explain the decreased survival of CLL
cells in the absence of apparent clinical toxicity. In addition,
there is precedence for modulation of bcl-2 family members,
for example by phosphorylation, by plant-derived anticancer
Akt N — S — agents such as taxotefE3,14]

In summary, this patient experienced a sustained complete
clinical and molecular remission of CLL, in the absence of
any cytotoxic chemotherapy. This remission was associated
with the long-term use of an herbal extract which was found

P-MAPK S s—— to decrease survival of primary CLL cells in vitro. While
A S — the mechanism of action is currently not understood, this
observation may provide an important first step towards the
development of a new class of agents for use in this otherwise
incurable disease.
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