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Background: Artemisia annua L, artemisinin and artesunate reveal profound activity not only against malaria,
but also against cancer in vivo and clinical trials. Longitudinal observations on the efficacy of A. annua in
patients are, however missing as of yet.
Methods: Clinical diagnosis was performed by imaging techniques (MRT, scintigraphy, SPECT/CT) and
blood examinations of standard parameters from clinical chemistry. Immunohistochemistry of formalin-
fixed, paraffin-embedded tumor material was performed to determine the expression of several biomark-
ers (cycloxygenase-2 (COX2), epidermal growth factor receptor (EGFR), glutathione S-transferase P1 (GSTP1),
Ki-67, MYC, oxidized low density lipoprotein (lectin-like) receptor 1 (LOX1), p53, P-glycoprotein, transferrin
receptor (TFR, CD71), vascular endothelial growth factor (VEGF), von Willebrand factor (CD31)). The immuno-
histochemical expression has been compared with the microarray-based mRNA expression of these markers
in two prostate carcinoma cell lines (PC-3, DU-145).
Results: A patient with prostate carcinoma (pT3bN1M1, Gleason score 8 (4+4)) presented with a prostate
specific antigen (PSA) level >800 jg/l. After short-term treatment with bacalitumide (50 mg/d for 14 days)
and long-term oral treatment with A. annua capsules (continuously 5 x 50 mg/d), the PSA level dropped
down to 0.98 g/l. MRT, scintigraphy and SPECT/CT verified tumor remission. Seven months later, PSA and
ostase levels increased, indicating tumor recurrence and skeletal metastases. Substituting A. annua capsules
by artesunate injections (2 x 150 mg twice weekly i.v.) did not prohibit tumor recurrence. PSA and ostase
levels rose to 1245 pg/l and 434 U/l, respectively, and MRT revealed progressive skeletal metastases, indicat-
ing that the tumor acquired resistance. The high expression of MYC, TFR, and VEGFC in the patient biopsy
corresponded with high expression of these markers in the artemisinin-sensitive PC-3 cells compared to
artemisinin-resistant DU-145 cells.
Conclusion: Long-term treatment with A. annua capsules combined with short-term bicalitumide treatment
resulted in considerable regression of advanced metastasized prostate carcinoma. Controlled clinical trials
are required to evaluate the clinical benefit of A. annua in prostate cancer.

© 2015 Elsevier GmbH. All rights reserved.
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Introduction anticancer effects towards cell lines from a broad variety of tumor
types (Efferth et al., 2001; Efferth et al., 2002; Efferth et al., 1996; Ef-
ferth et al., 2003) including prostate carcinoma (He et al., 2010; Mor-
rissey et al., 2010; Willoughby et al., 2009). Importantly, artemisinin-

type drugs are also active against diverse syngeneic animal tumors

In addition to their antimalarial activity, artemisinin from
Artemisia annua L. and its derivatives also exert remarkable

Abbreviations: COX2, cyclooxygenase 2; CRP, C-reactive protein; EGFR, epidermal
growth factor receptor; GSTP1, glutathione S-transferase P1; LOX1, oxidized low den-
sity lipoprotein (lectin-like) receptor 1, MRT, magnetic resonance tomography; PSA,
prostate-specific antigen, SPECT, single-photon emission computed tomography; TFR,
transferrin receptor (CD71); VEGF, vascular endothelial growth factor.
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(Disbrow et al., 2005; Lai and Singh, 2006; Moore et al., 1995) and
human xenograft tumors in nude mice (Dell’Eva et al., 2004; Du et al.,
2010; Liet al., 2007; Ma et al., 2011). Artesunate also protects from in-
flammatory and oxidative tissue injury in vivo caused by carcinogens
(Ng et al., 2014). Compassionate uses of artemisinins and Artemisia
annua preparations for cancer therapy of veterinary and human tu-
mors encouraged the performance of several clinical phase I/II trials
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(Berger et al., 2005; Breuer and Efferth, 2014; Jansen et al., 2011; Kr-
ishna et al., 2015; Krishna S, 2014; Rutteman et al., 2013; Singh, 2002;
Zhang et al., 2008). A recent placebo-controlled, randomized and
double-blind phase II trial in colorectal carcinoma patients demon-
strated that patients taking artesunate tablets in addition to standard
surgical therapy had a survival advantage (Krishna et al., 2015).

Despite clinical activity of artemisinins against cancer, longitudi-
nal studies on the efficacy of artemisinin and Artemisia annua prepa-
rations upon longer application times are missing. In the present
report, we describe a patient suffering from progressive prostate
carcinoma. He was short-term treated with bicalitumide and long-
term treated with A. annua p.o. and artesunate i.v. Initially, this pa-
tient responded remarkably well to A. annua capsules, but developed
artesunate-resistant bone metastases later on.

Patient and methods
Clinical management

The patient was born November 9th 1934. Medical records have
been provided by the patient himself with written consent to scien-
tifically evaluate and publish them (letter dated from January 13th
2015).

Magnetic resonance tomography (MRT) was performed at the
Kernspinzentrum Europa-Passage 20095 Hamburg, Germany. The
histological appraisal of prostate fine needle biopsies were done at
the Asklepios Clinics St. Georg (academic teaching hospital of the Uni-
versity of Hamburg), 20099, Hamburg, Germany. Whole body scintig-
raphy (after injection of 690 MBq Tc-99m-MDP) and SPECT/CT were
done at the Radiological Clinic, Uelzen, Germany. Blood parameters
were measured by Dr. von Froreich Bioscientia GmbH, Hamburg,
Germany.

Treatment with vitamin C, glutathione (Ridolex, 600 mg), cit-
ric acid was done in the clinic of Dr. Jorg Schwarzkopf (Hitzacker,
Germany). Treatment with Artemisia annua was performed by Dr.
Walter Weber (Hamburg, Germany) (Artemisinin, Eura-Nutrador,
Landgraaf, Netherlands; 50 mg Artemisia annua concentrate (with tri-
calcium phosphate, microcrystalline cellulose, silicium dioxide and
magnesium stearate as adjuvants). Artesunate injections were ob-
tained from Dr. Miller GmbH (Hamburg, Germany; 2 x 150 mg, 2 x
weekly).

Immunohistochemistry

For determination of protein expression the UltraVision poly-
mer detection method (kit from Thermo Fisher Scientific GmbH,
Dreieich, Germany), method was used as previously described.
Formalin-fixed, and paraffin-embedded sections were deparaffinated
(2 x 2 min xylol) and rehydrated. For antigen retrieval, sections
were submerged in Target Retrieval Solution (Thermo Fisher Scien-
tific) for 20 min at 95-99 °C. Afterwards, slides were allowed to
cool down at room temperature and washed in phosphate buffered
saline (pH 4) for 10 min. Endogenous peroxidase activity was
blocked by immersing the slides in 3% H,0, for 10 min at room
temperature. After rinsing for 5 min in PBS, non-specific binding
was blocked by Ultra Vision Block (Thermo Scientific) for another
5 min. Slides were incubated in a humidified chamber for 1 h
at room temperature with primary antibody: EGFR (RM-2111-S0,
dilution 1:50, Thermo Scientific), p53 (M3629, dilution: 1:100, DAKO
GmbH, Hamburg, Germany), (RM-2111-S0, dilution 1:50, Thermo Sci-
entific), c-Myc (MS-139-PCL, dilution 1:50, Thermo Scientific), Ki-
67 (ab16667, dilution 1:100, Abcam, Cambridge, UK), CD31 (MS-
353-S0, dilution 1:50, Thermo Scientific), P-glycoprotein (CD243,
AMO05632PU-N, dilution 1:200, Acris, Herford, Germany), GSTP1
(AP02100SU-S, Acris), COX2 (AM11127PU-N, dilution 1:100, Acris),

LOX1 (HPA050798, dilution 1:300, Sigma), TFR (CD71; MS-1096-
S0, dilution 1:50, Thermo Scientific), and VEGF (Ab-7, clone VG-1,
which recognized 121,165, and 189 isoformes of VEGF; dilution 1:150,
Thermo Scientific). After rinsing for 5 min in PBS, Primary Antibody
Amplifier Quanto (Thermo Scientific) was applied for 10 min at room
temperature. Slides were washed in PBS for 5 min and then HRP
Polymer Quanto (Thermo Scientific) was applied for 10 min, a wash
step (5 min) followed. Afterwards, 30 g/l diaminobenzidine (DAB)
Quanto chromogen (Thermo Scientific) was mixed with 1 ml DAB
Quanto substrate and applied to the slides for 5 min. After washing
in PBS for 5 min, the tissues were counterstained in hemalaun solu-
tion (Merck KGaA, Darmstadt, Germany) and rinsed in PBS for 5 min,
followed by running tap water (10 min). Tissue sections were dehy-
drated (2 x 1 min 70% ethanol, 2 x 1 min 96% ethanol, 2 x 1 min
100% ethanol, 2 x 5 min xylol, 1 x 2 min xylol) and embedded using
Entellan (Merck).

The immunostained slides were scanned by Panoramic Desk (3D
Histotech Pannoramic digital slide scanner, Budapest, Ungary) and
interpreted (Quantification of immunostained slides) by panoramic
viewer software (NuclearQuant and MembraneQuant, 3D HISTECH)
in which positive stained nucleus or membrane were counted in
each defined annotated area. Evaluation parameters included num-
ber of overall detected objects (nucleus or membrane) in each
annotated area, average of positivity and intensity. Nuclear stainings
(Ki-67, p53, c-Myc, TUNEL) were quantified using the NuclearQuant
software and membrane-bound and cytosolic stainings were quanti-
fied by the MembraneQuant software (3D HistoQuant).

Cell lines

PC-3 and DU-145 prostate cancer cell lines are part of the drug
screening panel of 60 cell lines of the Developmental Therapeu-
tics Program of the National Cancer Institute (Bethesda, MD, USA).
The cytotoxicity of 10 artemisinin-type compounds (artemisinin,
artemether, arteether, artesunate, artenimol, arteanuin B, one arte-
sunate derivative, and three artemisinin dimers (chemical structures,
see Fig. 4) towards PC-3 and DU-145 cells was measured by the sul-
forhodamine B assay (Monks et al., 1991). The 50% inhibition concen-
trations calculated from dose response curves and converted to log-
arithmic values (log19ICsq) have been deposited in the NCI database
(http://dtp.nci.nih.gov).

Cluster analyses of microarray data

The mRNA microarray hybridization of the NCI cell lines has been
reported and deposited at the NCI website (http://dtp.nci.nih.gov)
(Amundson et al., 2008; Scherf et al., 2000). For hierarchical clus-
ter analysis, objects were classified by calculation of distances ac-
cording to the closeness of between-individual distances by means
of hierarchical cluster analysis. All objects were assembled into clus-
ter trees (dendrograms) by the algorithm included into the WINSTAT
program (Kalmia Co, MA, U.S.A.). The cluster analyses were run using
the WARD method. Previously, cluster models have been validated for
gene expression profiling and for approaching molecular pharmacol-
ogy of cancer (Efferth et al., 1997; Villeneuve and Parissenti, 2004;
Zeeberg et al., 2011).

Results
Initial clinical presentation

On January 19th 2014, a 80-year old man presented with abdom-
inal pain, weakness, and fever (39.8 °C) on January 21st 2014, which
were due to a prostate carcinoma (3.5 cm diameter) and extended
ubiquitary skeletal metastases, but without hepatic metastasis as de-
termined by MRT on January 29th 2014. A suspicious lymph node
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Fig. 1. Histological hematoxilin-eosin staining of the patient tumor. Magnification: (A)
x50; (B) x200.

(1.4 cm diameter) was found at the left iliacal site. The patient has
been treated with weekly vitamin C infusions (2 x 7.5 g), glutathione
and citric acid (10 ampulles). Ibuprofen was occasionally taken for
pain treatment.

Three weeks later (February 18th 2014), he was hospitalized on
an emergency basis because of acute urine failure. A belly-bladder
catheter was installed. The PSA level was dramatically elevated to
>800 pg/l). The patient obtained 50 mg bicalutamide 1 x 1 for 14
days as hormone ablative therapy and percutaneous cystectomy.

Scintigraphy and SPECT (axial and spiral CT) on March 28th and
April 8th 2014 showed extended bone metastasis. Most of the metas-
tases were osteoblastic, but some osteloytic alterations were also vis-
ible, especially in the abdominal spine. An intrapulmonal expanding
lesion was not observed, but a massive enhancement of the left-sided
thyroid lobe. The tumor was staged as pT3bN1M1 and graded with
Gleason score 8 (4 + 4). A hematoxilin-eosin staining of the tumor is
shown in Fig. 1.

Immunohistochemical detection of tumor markers

The expression of several tumor markers for tumor aggres-
siveness and progression e.g. oncogenes (epidermal growth factor
receptor (EGFR), ¢-MYC) tumor suppressor genes (p53), prolifer-
ation markers (transferrin receptor (TFR), Ki-67), drug resistance
markers (P-glycoprotein (ABCB1/MDR1), glutathione S-transferase P1
(GSTP1), inflammation markers (cyclooxygenase 2 (COX2), lectin-like
oxidized low-density lipoprotein receptor-1 (LOX1) and angiogenic
markers (CD31, VEGF) (Figs. 2 and 3). The expression levels of these
tumor markers indicate the aggressiveness of the tumor and may also
predict responsiveness of the tumor towards artemisinins. Quantifi-
cation of immunostained slides revealed the highest values for COX2,
EGFR, MYC, LOX1, and TFR, whereas P-glycoprotein and p53 expres-
sion was lowest. Intermediate to weak expression was found for the
other markers investigated (Fig. 4).

Clinical follow-up

Since March 3rd 2014, the patient took A. annua capsules
(2 x 50 mg twice daily) with a three day break between March 26th-
29th 2014. Hemoptysis took place on March 31st 2014. During the
treatment break, the amounts of rest urine considerably increased.
A. annua treatment was then continued with five capsules per day
and stopped again on April 10th 2014 because swelling at the left
foot ankle. A. annua (5 capsules per day) was continued again since
April 13th 2014. During this time, the PSA level dramatically dropped
down from 580.3 to 0.98 pg/l. Since August 4th 2014, PSA continu-
ously rose again (10.8 pg/l) and reached 1245 g/l on January 23rd
2015 (Table 1).

| ZRTIER SR R \ AR
. Negative control
KS AN <

Fig. 2. Immunohistochemical determination of tumor markers in formalin-fixed,
paraffin-embedded prostate carcinoma tissue. Immunohistochemical staining of neg-
ative control (omitting primary antibody), the tumor suppressor p53 in cell nuclei,
oncogenes (membrane-bound EGFR, nuclear and cytosolic c-MYC), proliferation mark-
ers (nuclear Ki-67 as well as membrane-bound and cytosolic transferrin receptor
(TFR)). For determination of protein expression the UltraVision polymer detection
method (kit from Thermo Fisher Scientific GmbH, Dreieich, Germany) was used. Mag-
nification: x200.
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Fig. 3. Immunohistochemical determination of tumor markers (continuation of Fig. 2).
Immunohistochemical staining of drug resistance markers (membrane-bound and cy-
tosolic P-glycoprotein (MDR1/ABCB1) as well as cytosolic GST-7r), inflammation mark-
ers (cytosolic COX2, membrane-bound and cytosolic LOX1) and angiogenic markers
(von Willebrand factor (CD31) in blood vessel endothelial cells as well as cytosolic
VEGF). Further details see Fig. 2.

Bone-specific alkaline phosphatase (ostase) was elevated at the
beginning of the observation period (until May 19th 2014) was in a
normal range and increased again since September 29th 2014 reach-
ing a peak level of 434 U/l on January 23rd 2015. This course reflects
the tumor and bone metastases regression observed by imaging tech-
niques (MRT, scintigraphy/SPECT). A similar course was visible for
CRP (Table 1). Creatinine kinase levels were increased in the major-
ity of blood examinations.
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Table 1
Blood count and clinical chemistry.
S = s ¥ & T 5 & § & 3
5 g & £ 8 ®B £ £ § § & 38 8 T 5 35 B8 &
@ = > © O I o s = = - £ ] 3 <= £ 2 >
& E g 5§ £ = 2 2 £ 53 F 2 8 8 8 &2 2 § 8§
Blood count::
Leucocytes countnL  3,6-10,0 79 63 39 48 55 40 35 41 35 53 48 70 43 55 65 53
Erythrocytes count/pL  4,3-5,75 44 38 37 37 38 38 42 40 41 39 40 39 38 39 34 3,1
Hemoglobin g/dL 125172 125 107 105 103 109 108 118 115 124 116 120 113 11,2 114 96 8,9
Hematokrit LiL 0,37-0,49 0,4 03 03 03 03 04 04 04 04 03 03 03 03 03 0,3
MCV fL 80-101 8 87 88 8 86 8 87 90 87 91 87 8 87 86 86 87
MCH pg 27-34 287 280 283 279 285 285 280 290 300 298 304 290 298 295 287 288
MCHC g/dL 31,5-36 339 321 322 329 330 327 322 324 343 327 349 331 343 344 332 330
Thrombocytes countL  140-360 273 274 202 250 240 208 225 202 217 258 214 264 222 240 226 273
Clinical Chemistry:
GOT (ASAT) uiL <50 340 180 230 210 320 210 200 270 460 210 210 370 550
GPT (ALAT) UL <50 200 148 200 210 210 190 190 200 160 16,0 130 150 240
gamma-GT uilL <60 720 559 450 340 310 240 260 260 260 330 290 390 600 74,0
Bone-specific alkaline phosphatase  U/L 40-130 888 978 141 119 76 74 135 146 188 244 350 439 434
(ostase)
Lipase ulL <60 8,0 20,0 200 110 130 110 130 80 90 40 70 50
Amylase uiL <110 25,0 48,0 53,0 420 470 440 480 400 360 370 390 390
Creatinin kinase uiL <190 119 410 209 573 264 244 353 220 208 130 125 141
Creatinin kinase-BB UL <25 13,0 14,0 210 120 130 210 220 180 260 300 750
GLDH UL <7,0 7,0 <2 25 <2 <2 <2 <2 33 22 <2 35 7,2
Cholesterol mg/dL <240 170 189 236 260 253 239 239 251 217 217 209 201
Triglycerides mg/dL <150 103 122 8 109 112 133 8 108 8 116 113 105
Glucose mg/dL 65-100 119 158 135 187 182 114 215 210 186 105 128
HbA1c %ofHb  4,8-6,0 74 73 14 76 78 77 78 80 77 74 80 8,1
Kreatinin enzymatic mg/dL 0,72-1,18 1,0 08 09 09 09 09 08 09 09 08 08 0,9
Urea mg/dL 3,5-7,2 42 49 57 53 56 46 46 46 48 43 45 5,1
CRP mg/L <5,0 254 113 64 285 <5 <5 <5 <5 102 65 132 378 319 521 70,0
Natrium mmol/L 135-145 134 132 133 134 138 136 135 131 135 133 135 129 136 137
Potassium mmol/L 3,5-5,1 58 55 47 49 48 47 51 80 47 47 50 54 49 47
Calcium mmol/L 2,2-2,65 1,9 20 19 22 21 23 23 23 22 22 23 24 23 22
Selen yg/l 50-120 92 1M 9 118
Vitamin B12 ng/L >300 836
Vitamin D Mg/ 30-100 239 264 288 334 336 262 636 432 398
Iron umol/L 13-32 130 110 80 140 130 150 140 120 100 80 110 150 120 12,0
Ferritin ugll 30-400 334 227 302 243 233 241 325 311 427 792 788 1239 1670 >2000
Transferrin glL 2-3,6 23 22 22 24 24 23 23 23 23 18 20 1,9
Transferrin saturation % 16-45 25,3
total iron binding capacity pmol/L 48-78 54,7
Tumor marker:
PSA yg/l <4 580 270 19 18 10 14 101 149 462 636 823 133 638 1166 1245

bold number: below reference area

bold number in grey box : above reference
area
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Fig. 4. Quantification of immunohistochemical stainings. The immunostained slides
were scanned by Panoramic Desk (3D Histotech Pannoramic digital slide scanner,
Budapest, Hungary) and interpreted (Quantification of immunostained slides) by
panoramic viewer software (NuclearQuant and MembraneQuant, 3D HISTECH) in
which positive stained nucleus or membrane were counted in each defined annotated
area. Evaluation parameters included number of overall detected objects (nucleus
or membrane) in each annotated area, average of positivity and intensity. Nuclear
stainings (Ki-67, p53, MYC) were quantified using the NuclearQuant software and
Membrane-bound and cytosolic staining was quantified by the MembraneQuant
software (P-glycoprotein, EGFR, GSTP1, COX2. LOX1, CD31, CD71, VEGF).

As a possible side effect, the erythrocyte counts and hemoglobin
levels decreased and remained below standard range throughout the
entire observation period (Table 1). Liver transaminases (GOT, GPT, y -
GT) and fat metabolism (cholesterol, triglycerides) were obviously not
affected by artemisinin. The elevated glucose level was unrelated to
artemisinin treatment because of preexisting Diabetes mellitus. Im-
balance of iron metabolism (free iron and ferritin) was more imbal-
anced at late stage tumor progression.

In addition to prostate carcinoma-related symptoms, several lipo-
mas at the inner side of thighs, which had been developed during the
past five years, significantly regressed upon artemisinin treatment.

MRT analysis on August 11th 2014 revealed a decrease of the size
of the primary tumor in the prostate by 50% as well as considerably

Artemether

Artemisinin dimer 1 _—

Arteanuin B

Artemisinin dimer 3

~— - * -PC-3

decreased skeletal metastases in the pelvis area. Lymphogenic metas-
tasis was not detectable.

Comparable results were found by means of scintigraphy and
SPECT (August 28th 2014). Metastases were reduced on spine and
pelvis, especially Os sacrum and right proximal femur. However, new
lesions appeared in a ventral rib. The existing metastases at the left
proximal humerus and ribs at both sides remained unchanged.

The further course went worse as determined by spiral CT on De-
cember 8th 2014. Progressive diffuse, mainly osteoblastic metastasis
of the entire skeleton was detected with progressive single lytic ar-
eas in the abdominal vertebrae channel. There was suspicion on he-
mangioma in the lumbar vertebrae channel and the prostate was sig-
nificantly increased. At that time, treatment with A. annua capsules
was ceased and exchanged by artesunate i.v. infusions (2 x 150 mg
twice weekly) and continued for the following months with occa-
sional interruptions for not more than one week. MRT showed re-
fractory skeletal metastases in femur, pelvis and lumbar spine as well
as significantly increased prostate and three increased lymph nodes.
The patient died at April 3rd 2015.

Tumor marker expression and sensitivity towards artemisinin-type
compounds in two prostate cancer cell lines

In order to better understand the relevance of the tumor marker
expression shown in Figs. 2 and 3, we compared these biomark-
ers with the sensitivity to a panel of artemisinin derivatives in two
prostate cancer cell lines. The logyICsg values of 10 artemisinin-type
compounds (artemisinin, artemether, arteether, artesunate, arteni-
mol, arteanuin B, one artesunate derivative, and three artemisinin
dimers, Fig. 6) and the microarray-based expression values of 11 tu-
mor markers (ABCB1, GSTP1, COX2, LOX1, EGFR, MYC, KI67, TFR, VEGFA,
VEGFB, VEGFC) of PC-3 and DU-145 prostate cancer cells have been
deposited in the database of the National Cancer Institute (NCI, USA).
The sensitivities of PC-3 and DU-145 cells to these artemisinin-type
compounds are illustrated as oncobiogram in Fig. 5. The axes of this
net-like representation show the logyICsq values in a range from 0
to —8 M for each compound. DU-145 cells were more resistant than
PC-3 cells to these compounds except to artemether and arteanuin B.
Hence, it can be concluded that DU-145 cells reveal a phenotype re-
sembling resistance to most artemisinin-type compounds, whereas
PC-3 cells exert artemisinin sensitivity.

i) DU-145

\\ Artemisinin dimer 2

Aﬂesunate derivative

Fig. 5. Resistance profile towards artemisinin derivatives of PC-3 and DU-145 prostate cancer cell lines. The logyoICsq values of sensitive PC-3 and resistant DU-145 cells have been
represented as oncobiogram. The chemical structures of these compounds have been recently published (Ooko et al., 2105).
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Gene # Mi y Type PC-3 DU-145
VEGFC  N94399 Stanford

VEGFB |NM_003377 |Affymetrix U133 A/B
VEGFB |NM_003377 |Affymetrix U133
VEGFB  U48801 Affymetrix US5
VEGFB U43368 Affymetrix U85
VEGFB  U48801 Affymetrix U95v2
VEGFB | U43368 Affymetrix U95v2
VEGFE AAQ40199  Stanford

VEGFA M27281 Affymetrix U133 A/B
VEGFA |H95344 Affymetrix U133 A/B
VEGFA | AF091352  Affymetrix U133 A/B
VEGFA |AF022375 | Affymetrix U133 A/B
VEGFA  M27281 Affymetrix U133
VEGFA H95344 Affymetrix U133
VEGFA | AF022375 | Affymetrix U133
VEGFA |AF024710 | Aflymetrix USS
VEGFA | AF022375  Affymetrix U95
VEGFA AF022375  Affymetrix U95v2
VEGFA  AF0224710  Affymetrix US5v2
VEGFA | AA(045836 | Stanford

TFRC  AM57558  Affymetrix US5
TFRC  R16980 Stanford

KI6T BF001806 | Affymetrix U133
KI6T AU152107 | Affymetrix U133
K67 AU147044  Affymetrix U133
Ki67 AU132185  Affymetrix U133
KI6T BF001806  Affymetrix U133 A/B
KI6T X65560 Affymeirix US5
K67 X65550 Affymetrix US5Av2
Ki67 AAQ53556 | Stanford

COX2  MBS9T9 Affymetrix U956
COX2 | AIB06507 | Affymetrix USS
COX2  M599T9 Affymetrix U95Av2
Myc BF514781  Afiymeirix U133
MYC M13929 Affymetrix U85
EGFR  AW157070 | Afymetrix U133 A/B
EGFR  |U95089 Affymetrix U133 A/B
EGFR  U48722 Affymetrix U133 A/B
EGFR  AWI157070 | Affymetrix U133
EGFR  X00588 Affymetrix U956
EGFR  W73128 Affymetrix USS
EGFR  X00588 Affymetrix U95Av2
EGFR  W73128 Staniord

EGFR  AA026089 | Stanford

ABCB1  AABBT211  Aftymedrix U133 A/B
VEGFC U811 Affymetrix U133 A/B
VEGFC  UssIN Affymetrix U133
VEGFC U43142 Affymetrix US5
VEGFC  X84216 Affymetrix US5
VEGFC  X94216 Affymetrix US5v2
VEGFC U43142 Affymetrix U95v2
VEGFA W19225 Stanford

TFRC  N76327 Affymetrix U133
TFRC ~ NM_003234 Affymetrix U133 A/B
TFRC  BC001188  Afymetrix U133 A/B
TFRC  N76327 Affymetrix U133 A/B
TFRC  BE676623 | Afymetrix U133 AB
TFRC  M11507 Affymeirix US5
TFRC  X01060 Affymetrix U85
TFRC ~ N28262 Affymetrix US5
TFRC ~ H93194 Affymetrix U956
TFRC  X01060 Affymetrix US5Av2
TFRC  M11507 Affymetrix USSAv2
LOX1  AF035776  Affymetrix U133 A/B
LoXt  AFOSSTIS | Afymetrix U133 ——
COX2  NM_000962 Affymetrix U133
MYC NM_002467 | Affymeirix U133 A/B
myc NM_002467 | Affymetrix U133
Myc V00568 Affymetrix US5
MYC V00568 Affymetrix U5Av2
MYC M13929 Affymetrix US5Av2
myc V00568 Affymetrix U95Av2
Myc WeTT41 Stanford

EGFR  K03183 Affymetrix U133 A/B
EGFR  AF125253  Affymefrix U133 A/B
EGFR  K03193 Affymetrix U133
EGFR  AF125253 | Afymetrix U133
GSTP1  NM_000852 Affymetrix U133
GSTP{ AA044930  Stanford

ABCB1 AF016535  Aftymetrix U133 A/B
ABCB1 | AF016535  Aftymetrix U133
ABCBT AAS8T211  Afymetrix U133
VEGFA AF091352  Affymetrix U133

TFRC  BE676623 | Affymetrix U133 h
TFRC  BC001188 | Affymetrix U133
TFRC ~ AAQ55468  Stanford

COx2 836219 Affymetrix U133
COX2  |NM_000962 Affymetrix U133 A/B
COXx2 536219 Aftymetrix U133 A/B
COX2  |N74888 Suanford

MYc BF514781  Affymetrix U133 A/B
EGFR  U95089 Affymetrix U133
EGFR  Uder22 Aftymetrix U133
EGFR  NM_005228 Affymetrix U133
GSTP1 |NM_000852 | Afymetrix U133 A/B
ABCBT  M14758 Affymetrix US5
ABCBf AA994037  Affymetrix US5
ABCBI  M14758 Affymetrix US5Av2

__

Fig. 6. Hierarchical cluster analysis (WARD method) of mRNA expression of selected tumor markers in PC-3 and DU-145 prostate cancer cell lines.
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Table 2

Distribution of microarray-based mRNA expression of 98 mi-
croarray hybridizations from selected tumor markers in PC-3
and DU-145 prostate cancer cells.

Gene Cluster 1 Cluster 2 Cluster 3
ABCB1 1 3 3
GSTP1 0 2 1
EGFR 9 4 3
MYC 2 7 1
cox2 3 1 4
LOX1 0 2 0
Ki67 8 0 0
TFRC 2 11 3
VEGFA 12 1 1
VEGFB 7 0 0
VEGFC 1 6 0

chi square test: p =1.29 x 106

Then, we subjected the mRNA expression of the 11 biomarkers to
hierarchical cluster analysis. We used the expression values of differ-
ent DNA clones of each of these biomarkers tested with different mi-
croarray platforms (Affymetrix U95, U95v2, U133, U133A/U133B and
the Stanford microarray platform), which were represented by a total
number of 98 different sets of microarray determinations for the two
prostate cancer cell lines.

P53 has not been included into this analysis, because both cell
lines carry mutated TP53 genes and an association between the mu-
tational status and artemisinin sensitivity therefore cannot be ob-
served. The same was true for CD31. Here, no mRNA expression val-
ues were available. Instead, the protein expression values have been
deposited. CD31 expression was very similar between both cell lines
and again, a relationship between protein expression and sensitivity
to artemisinins was not observable.

The mRNA expression values were very heterogeneous between
different microarray platforms and also between different DNA
clones of the same gene. To allow a comparison between the 98
sets of microarray data, we semiquantitatively ranked the expres-
sion with numbers (0, 1, 2). If the mRNA expression was more than
20% different between the two prostate cancer cell lines, the lower
value was designated with “0” and the higher value with “2”. If the
mRNA expression was similar between the cell lines, both were coded
with “1”. These rank numbers were subjected to hierarchical clus-
ter analysis and a dendrogram with three branches (clusters) was
yielded (Fig. 6). Cluster 1 contained genes with high expression in
the artemisinin-sensitive PC-3 cells and low expression in resistant
DU-145 cells, while the expression was vice versa in cluster 2. Cluster
3 contained genes with equal expression levels in both cell lines. To
prove, whether this cluster formation contains meaningful informa-
tion we tested the distribution of genes in the different clusters by
chi-square test (Table 2). Although the data set as a whole was sta-
tistical significant (p = 1.29 x 10-%), not all genes were differentially
expressed between the three clusters. The DNA clones for EGFR, KI67,
VEGFA and VEGFB showed the highest expression in cluster 1, while.
LOX1, MYC, TFRC and VEGFC expression most frequently high in clus-
ter 2. The other genes were more or less equally distributed among
the three clusters.

Discussion

The anticancer activity of artemisinin is a matter of ongoing dis-
cussion. Recent clinical trials indicate that the artemisinin derivative,
artesunate, inhibited cancer growth of colorectal cancer patients in
a placebo-controlled, randomized, double-blind clinical phase II pi-
lot study (Jansen et al., 2011; Krishna et al., 2015; Krishna S, 2014).
Here, we report on a patient, whose primary tumor in the prostate
initially responded astonishing well to A. annua capsules per os. The

patient suffered from an advanced tumor as shown by radiological
and immunohistochemical methods. An impressive decrease of the
tumor marker PSA and tumor regression as analyzed by imaging tech-
niques (MRT, scintigraphy/SPECT) was observed upon A. annua treat-
ment followed by a several months lasting period free of symptoms
of the tumor disease.

PSA is an established biomarker for the course of prostate car-
cinoma, which is routinely used to monitor treatment success
(Crawford et al., 2013). Here, the initial decline and subsequent rise
of PSA levels upon A. annua treatment levels showed that the PSA
may also be a useful marker to monitor the efficacy of artemisinin
treatment in prostate carcinoma patients.

Interestingly, the inflammation marker CRP also declined upon
A. annua treatment indicating that tumor-related inflammatory pro-
cesses have been beneficially influenced by A. annua. In the refrac-
tory state, CRP rose again. CRP has been described as prognostic fac-
tor associated with worse overall survival of prostate cancer patients
(Rocha et al., 2014).

Creatinine kinase is a marker for muscle damage, and increased
creatinine kinase levels correlate with the risk for myocardial infarc-
tion. On the other hand, increased creatinine kinase BB levels can also
serve as a tumor marker for various carcinoma types (Arenas et al.,
1989) and elevated levels pf the creatinine kinase BB isoenzyme have
been observed in poorly differentiated prostate carcinoma (Silverman
et al,, 1981). The creatinine kinase increase in the late observation
phase of the patient may therefore reflect tumor recurrence.

The increased activity of bone-specific alkaline phosphatase (also
termed ostase) was in accordance to the osteolytic metastatic lesions
of the patient. This enzyme hydrolyzes phosphoric acid esters and
is involved in bone destructive processes. Hence, this enzyme can be
used as marker to monitor bone metastasis in prostate carcinoma and
other tumor types (Cooper et al., 1994).

The anticancer activity of artemisinin and its derivatives has been
linked to the iron metabolism (Efferth et al., 2004; Kelter et al., 2007).
The cleavage of artemisinin’s endoperoxide moiety is facilitated by
iron II ions in a Fenton-type reaction (Haynes et al., 2012). There-
fore, the blood contents of free iron and organically bound iron in the
form of ferritin and transferrin have been measured. The amounts of
free iron and ferritin were more imbalanced during late tumor recur-
rence. Whether this was associated to tumor progression in general
or specifically to the development of artemisinin resistance remains
unclear.

Cancer chemotherapy is frequently hampered by severe side ef-
fects. Artemisinin is known to exert few and tolerable side effects
both in malaria and cancer therapy (Efferth and Kaina, 2010; Jansen
et al., 2011; Krishna et al., 2015; Krishna S, 2014). The patient of
the present case report experiences a decrease in erythrocytes and
hemoglobin levels. This is in accordance with preclinical in vivo data
reporting on toxicity towards reticulocytes as precursor cells of ery-
throcytes (Clark et al., 2011).

Liver transaminases of the patient were within the normal range.
Hence, we do not have reason to speculate on hepatotoxicity induced
by A. annua. Other side effects known from cancer therapy with
artemisinin derivatives (flu-like symptoms, abdominal pain) (Jansen
etal., 2011) or from preclinical dose escalation studies in animals (e.g.
neurotoxicity) (Li and Hickman, 2011) did not appear in this patient.
By contrast, A. annua treatment was accompanied by an increase of
life quality of the patient (good mood, no pain, very active). This was
an observation that has also been made in veterinary cancer patients
(dogs) that have been treated with an A. annua preparation (Dr. ElImar
Breuer, Miillheim, personal communication).

The initial dramatic tumor regression was not reached by treat-
ment with A. annua alone, but was supported by a short-term
treatment with bicalitumide for two weeks. The hormone-ablative
bicalitumide has been shown to significantly prolong the sur-
vival time of prostate cancer patients, if applied as monotherapy
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(Akaza et al., 2009; Kang et al., 2014; Klotz et al, 2014). In
baculitamide-based combination regimes, many trials did not show
survival advantage as compared to bicalitumide monotherapy
(Nakabayashi et al., 2012; Sridhar et al., 2014; Vuky et al., 2012; Wad-
hwa et al., 2011). Hence, it can be suggested that a combination of
artemisinin/artesunate plus bicalitumide may be beneficial.

The transient increase of PSA levels since August 4th 2014 indi-
cated tumor recurrence and beginning of the terminal phase of the
disease. At that time, A. annua treatment was substituted by arte-
sunate infusions. It is known that i.v. application of artemisinin and
artesunate leads to longer half-life times and higher peak plasma con-
centrations than oral application (Batty et al., 1998; Teja-Isavadharm
et al,, 2001). The expected increased anti-tumor activity and regres-
sion of tumor masses did, however, not take place indicating that the
tumor acquired resistance to artemisinin and artesunate. Indeed, pro-
gressive bone metastases were diagnosed by MRT. While resistance
to artemisinins has been observed several times in malaria patients
(Mok et al., 2015; Winzeler and Manary, 2014), resistance of cancer
cells to this drug is a novel phenomenon. Only two investigations re-
cently reported both inherent and acquired resistance to artemisinin
derivatives (Bachmeier et al., 2011; Park et al., 2014). To the best of
our knowledge, the present paper represents the first report on clini-
cal artesunate resistance in a cancer patient.

The development of drug resistance has dogged cancer
chemotherapy since the very early days back in the 1940s (Rhoads,
1947) and still is a major obstacle today. Therefore, resistance to
artemisinin and its derivatives does not come as a surprise. However,
novel strategies to prevent or overcome resistance of tumors to
artemisinin are urgently needed now to keep this drug active for the
sake of future cancer patients.

In this context, it is of interest to predict and to monitor the de-
velopment of resistance to artemisinins. The immunohistochemical
detection of tumor markers has been suggested as strategy to pre-
dict, whether or not tumors will respond to cancer chemotherapy
(Volm et al., 2004). If successful, this strategy may help to improve
treatment outcome in each individual cancer patient. Hence, it is
worthwhile to apply this concept also for personalized treatment
with artemisinin-type drugs. The determination of tumor markers in
artemsinin-sensitive PC-3 and artemisinin-resistant DU-145 prostate
carcinoma cells showed that high TFR, LOX1, MYC, and VEGFC expres-
sion was found in sensitive PC-3 cells and high EGFR, KI67, VEGFA,
and VEGFB expression in resistant DU-145 cells. The expression of the
other markers did not much vary between the two cell lines. This fits
to previously published data. High transferrin receptor expression is
associated with enhanced iron uptake, which favors the generation
of reactive oxygen species by breaking artemisinin’s endoperoxide
bridge in a Fenton-type chemical reaction (Efferth et al., 2004; Kelter
etal., 2007). MYC has also been described as a factor that is associated
sensitivity to artemisinin compounds (Sertel et al., 2010). A possible
role of the inflammation marker LOX1 is new and has not been de-
scribed as of yet. On the other hand, EGFR expression was associated
with resistance to artesunate (Efferth et al., 2003; Konkimalla et al.,
2009).

Ki-67 is an important marker for tumor proliferation. The correla-
tion of high Ki-67 mRNA expression in PC-3 cells and low expression
in DU-145 fits to immunohistochemical Ki-67 stainings in a clinical
pilot study on cervical cancer on the responsiveness towards arten-
imol (Jansen et al., 2011), but not to recent results in a phase II trial
in colorectal rectal carcinoma treated with artesunate (Krishna et al.,
2015). Further analyses have to further investigate the role of Ki-67
for treatment with artemisinin-type drugs.

Artemisinin and its derivatives are well-known to inhibit angio-
genesis by down-regulation of VEGF (Chen et al., 2004). The influ-
ence of VEGF expression on artemisinin responsiveness of tumor cells
has not been addressed yet. VEGFA and VEGFC are known as prog-
nostic markers in prostate cancer associated with clinical recurrence

and metastasis (Jennbacken et al., 2005; Mori et al., 2010; Yang et al.,
2006). Here, we observed that artemisinin-resistant DU-145 prostate
cancer cells expressed more VEGFA and VEGFB but less VEGFC than
sensitive PC-3 cells. The implications of this result deserve further in-
vestigation.

The high expression of MYC, TFR, and VEGFC in the patient
biopsy corresponded with high expression of these markers in the
artemisinin-sensitive PC-3 cells compared to artemisinin-resistant
DU-145 cells.

At later stages, as resistance towards A. annua developed, it was
not possible to obtain tumor biopsies from primary or metastatic tu-
mor sites to compare changes in tumor marker expression in compar-
ison to the biopsy taken at the beginning of A. annua therapy.

In conclusion, in the present case report we describe the pro-
found activity of A. annua capsules in a patient with progressive and
metastasized prostate carcinoma. The remarkable sensitivity of the
tumor towards A. annua was followed by the development of re-
sistance. New strategies are needed not only to implement A. an-
nua and artemisinin-based therapy to obtain tumor regressions, but
also to prevent and overcome tumor resistance to artemisinin. A gen-
eral problem of chemotherapy is that effective drugs frequently loose
therapeutic power by the development of resistance phenomena.
This is not true for cancer alone, but also for many infectious dis-
eases, e.g. malaria. A pessimist would ask at this point: Why should
this not be the same destiny for artemisinin-type drugs as for estab-
lished drugs alike? An optimist would, however, argue that the early
awareness of possible artemisinin responsiveness allows monitoring
treatment efficacy.
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