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Sincethecarbonatomsof sugarareusedin thesynthesisof dif-
ferenttypesof molecules(suchasribose,fatty acids,etc.),the
measurementof the amountof isotopiclabeledmolecules(by
gaschromatography andmassspectrometry)provide a method
for exact follow-up of the glucosemetabolismpathways.The
resultsof thesemeasurementswerevery noteworthy. Avemar
inhibitedtheglucoseuptakeof thecancercellsin adose-related
fashionas well as �L�Q�Á�X�H�Q�F�Hdthe metabolicpathways of glu-
cose.Namely, Avemardecreasedthemessengerandribosomal
RNA synthesisandatthesametimeenhancedthepentosecycle
andfatty acid synthesis.The tumor cells primarily needsugar
asthesourceof energy for cell division; therefore,Avemarcan
reducetheproliferationactivity of thecancercellsby reducing
thesugaruptake.Tomaintainthecell functions,thecellsrequire
continuousproteinsynthesis,which is mediatedby messenger
andribosomalRNA synthesis.By reducingtheavailablesugar
for thesynthesisof thesenucleicacids(theintracellularsugar is
redirectedto theenhancedpentosecycle andfatty acidsynthe-
sis),Avemarcandeeply�L�Q�Á�X�H�Q�Fe the intracellularmetabolism
of tumor cells. In otherwords,Avemarcan“pinch” the sugar
from thenucleicacidsynthesis,leadingto reducedchancesfor
survival of the tumorcells.Thesearedirecteffectsof Avemar
on cancercells anddo not requirethe contribution of the im-

munesystem.The inhibition of the useof glucosewithin the
cells is oneof the main featuresof the recentlydevelopedan-
ticanceragentGleevec (Bcr/Abl tyrosinekinaseinhibitor) too
(25).Accordingto a recentstudy, Avemarinhibits theglucose-
6-phosphatedehydrogenaseandtransketolaseenzymeactivity
in adose-dependentway. Sincethesearethekey enzymesof the
synthesisof ribosemoleculesrequiredfor thesugar-phosphate
chainof thenucleicacids,this observationcanfurtherexplain
the inhibition of nucleicacid synthesisby Avemar. Moreover,
Avemardoseandtimedependentlyinhibitstwo otherimportant
enzymesof glucosemetabolismsuchas hexokinaseand lac-
tate dehydrogenase,showing �V�L�J�Q�L�À�F�D�Qt�L�Q�Á�X�H�Q�Feon glucose
metabolism(18).RecentreportshowsthatAvemarreversedglu-
coseintolerancein ratsfed a high-fat/high-carbohydratediet(7).

In Vivo Experimental Models
Avemar�V�L�J�Q�L�À�F�D�Q�W�Oyenhancedtheantimetastaticactivity of

DTIC and 5-FU in the treatmentof B16 melanomaand C38
colorectalcarcinoma,respectively. In fact,in theuntreatedcon-
trol group,20.0 ± 6.0 (average± SD) melanomametastases
developedin the lung, whereasthis wasreducedto 7.0 ± 4.3,
4.0± 2.1,and0.1± 0.1in thecaseof DTIC, Avemar, andDTIC

FIG. 3. Theeffect of 24 h ofAvemartreatmenton theexpressionp53,ki67, andNF� B expression,applyingreal-timepolymerasechainreaction(RT-PCR).
RT-PCRwascarriedout to determinegeneexpressionsof p53,ki67, andNF� B. SCC-9cellswereharvested,andtotalRNA wasextractedusingeasy-BLUETotal
RNA ExtractionKit accordingto themanufacturer’s (IntronBiotechnologyCo.,Republicof Korea)protocol.RT-PCRwascarriedoutby usingMaximeRT-PCR
PreMix Kit (Intron BiotechnologyCo.,Seongham,Kyunggi-,Republicof Korea).Primers(For andRev) wereorderedfrom GenotechCo.,Daejeon,Republicof
Korea(p53For: 5 -TTT GGGTCT TTG AAC CCTTG-3 ; p53Rev: 5 -GTGGTT TCA AGGCCA GAT GT-3 ; ki67 For: 5 -AAC AAG GGGAAG GGA AGA
GA-3 ; ki67 Rev: 5 -CCA GGT AAC CCA GAG CAC AT-3 ; NF� B For: 5 -TCT GTG TTT GTC CAG CTT CG-3; NF� B Rev: 5 -GTG ACC TCA CCA TTC
CCA AC-3 ). TheRT-PCRreactionwasrunon theHybaidPCRThermalCycler(HybaidCo.,MA, USA) usingstandardconditions.C, control;M, sizemarkers.
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+ Avemar, respectively. In the case of colorectal cancer, 185 ±
104[35] liver metastases developed (average ± SD [SEM]), but
this was decreased to 16 ± 17[6], 41 ± 34[11], and 2 ± 4[1]
in the case of 5-FU, Avemar, and 5-FU + Avemar, respectively
(19).

In the case of transplanted estrogen receptor positive (ER+ )
mouse mammary carcinoma Avemar proved to be equally ef-
fective as standard endocrine treatments (tamoxifen, exames-
tan, anastrasol). This result was confirmed in the case of human
xenograft (T47/D) as well. Moreover, the efficacy of Avemar
was independent from estrogen receptor expression since Ave-
mar was equally effective in ER+ (T47/D and ER– (MDA-MB-
231) human xenografts, namely, the inhibition of tumor growth
was 49% and 52%, respectively (26).

Other Experimental Data
Avemar inhibited azoxymethane induced chemical carcino-

genesis in F344 rats. In fact, both the percentage of animals
developing colon cancer (83.0% vs. 44.8%; P < 0.001) and the
number of tumors per animal [2.3 ± 0.21; range = 1–8 vs. 1.3 ±
0.17; range = 1–3 (as expressed as mean ± SEM)] were reduced
significantly when azoxymethane was applied concomitantly
with Avemar and compared to the carcinogen agent alone (27).

Avemar induces changes in the kinase expression panel of
cells. In K562 human leukemia cells, changes in kinase expres-

sion was declared when Avemar treatment resulted in a twofold
change in mRNA copy number and the SD of the 3 parallel sam-
ples was relatively small (2 × STDEV = AVERAGE). More
than 500 kinase genes were studied (Kinase OpenArrayTM); 16
and 30 of them were found to be decreased and increased, re-
spectively. Many of the kinases in which expression was altered
are known to participate in signal transduction, apoptosis, cell
migration, or regulation of cell cycle (28).

The p53, Ki67, and NF-κB expression had been investigated
on the human tongue squamous cell carcinoma (SCC-9, ATCC
No: CRL-1629TM) cell line regarding the effect of Avemar. As
shown in Fig. 3, 24 h of Avemar treatment, in the investigated
doses, such as Avemar 0.5 mg/ml (A-0.5) and 1.0 mg/ml (A-
1), did not alter the expression of these genes compared to
untreated controls on RT-PCR. Since Avemar inhibited the cell
proliferation of SCC-9 in a dose-dependent manner (and A-1
showed a significant effect), as shown in Fig. 4, the antitumor
activity of Avemar might not include these pathways.

Clinical Data
There are 4 completed clinical studies investigating Ave-

mar in cancer patients. In an open-label cohort trial, colorectal
cancer patients were enrolled who received standard oncology
treatment. In fact, 104 patients served as control and 66 patients
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FIG. 4. The effect of Avemar on the proliferation of human tongue squamous cell carcinoma cells (SCC-9) using MTT assay. SCC-9 cell cultures were treated
with increasing doses of Avemar for 24 h as indicated on the x-axis; their viability and proliferation were determined by formazan dye uptake and expressed as
percent of untreated control cell proliferation. The MTT assay was carried out as triplet measurements in 4 sessions on 2 independent occasions. Bar represents
the standard error of the mean; �� , P < 0.01, ��� , P < 0.001 (1-sample t-test).
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were also receiving Avemar (9 g once daily). The results showed
significantly enhanced survival and reduced metastases forma-
tion in the Avemar treated group even though the prognostic
factors of the patients were worse in this arm. This result, how-
ever, should be interpreted with caution, since patient allocation
in the treatment groups were not made by proper randomiza-
tion (29). In another prospective randomized study, 42 stage
III melanoma patients participated after radical removal of the
primary tumors and the regional lymph-node metastases. Fol-
lowing 4 courses of DTIC treatment, patients were randomly
allocated to either receiving 1 yr treatment of Avemar (19 pts)
or just observation (23 pts). Time to relapse and the estimated
1-yr survival in the Avemar treated and control groups were
8.9 and 4.2 mo and 54.5% and 38.9%, respectively (30). After
a 7-yr-long follow-up period of the treated patients, log-rank
analysis still showed significant differences in favor of Avemar
group regarding both progression free survival (PFS) and over-
all survival (OS). Namely, mean PFSs were 55.8 mo vs. 29.9
mo, and the mean OSs were 66.2 mo vs. 44.7 mo in the Ave-
mar and control groups, respectively (31). In the third study,
a cohort of 55 evaluable head and neck cancer patients were
studied. They were assigned to two groups; both were treated
with adequate anticancer therapy, but one of them also received
Avemar for 2 mo (26 patients). The oxidative stress was mea-
sured at entry and after 2 mo. Avemar (9 g once daily below 80
kg body weight and twice daily above) significantly decreased
oxidative stress and increased quality of life (32). The last open-
label and matched-pair study was carried out in pediatric cancer
patients. Eleven pairs of patients were compared regarding the
incidence of treatment related febrile neutropenia. Although no
progression on the malignancy was observed in any patients, the
incidence of febrile neutropenia differed significantly in favor of
the Avemar group (altogether 121 chemotherapy cycles) com-
pared to the control group (altogether 106 chemotherapy cycles)
treated with identical chemotherapy regimens but not receiving
Avemar. The difference was significant (24.8% vs. 43.4%, P <
0.05). The investigational group of patients received 6 g/m2

Avemar twice daily (33).

CONCLUSION
Wheat (Triticum vulgare) is one of the most important sta-

ple food stock in certain regions of the world. The germ of
the wheat is usually removed in the milling process to yield
flour but retained in whole-wheat products. The germ is rich
in certain vitamins including vitamin E and biologically active
molecules such as benzoquinones. Wheat germ is not known to
pose any health hazard since it has been part of the human diet
for centuries. The molecular composition of fermented wheat
germ extract (Avemar) is unique and largely different from other
wheat derived food supplements. The mass spectra of different
batches of Avemar is, however, comparable. Thus, data obtained
by applying Avemar are unlikely to be true for other wheat germ

derived products. In addition, Avemar showed no toxicity in
different tests or clinical trials. On the other hand, experimental
studies have shown many effects including immunologic, cyto-
toxic, metabolic, and signal transduction. These effects lead to
the inhibition of tumor cell proliferation and increase survival
of tumor-bearing animals. Although Avemar influenced the ex-
pression of several kinases in the K562 human leukemia cell
line, it did not alter the expression of p53, Ki67, and NF-κB in
the SCC-9 human squamous cell line. Avemar alters the glucose
metabolism of cancer cells in several ways such as reducing glu-
cose uptake, shifting the use of glucose derived carbon atoms
from ribose synthesis to pentose cycle and fatty acid synthesis,
and inhibiting key enzymes of glucose metabolism. All of these
lead to reduced nucleic-acid synthesis in tumor cells. Avemar
also exerts beneficial effects on the immune system. It enhances
the activity of the NK cells by reducing the amount of MHC-I
molecules on the cell membrane. It increases the TNF secre-
tion by macrophages and enhances the expression of ICAM-1
molecules in the vascular endothelial cells, helping white blood
cells to leave the vascular system at tumor site. The fact that
Avemar reduces the effect of a chemical carcinogen might be
a special advantage to patients concerning the carcinogen ef-
fect of chemotherapeutic agents. Avemar induces apoptosis, as
observed in several tumor cell lines, but it is still not verified
whether this is a direct or an indirect effect. Finally, the an-
titumor activity observed in cell lines is also observed in in
vivo experiments. The reduction of metastasis formation by the
combination of Avemar and cytotoxic agents seems especially
noteworthy. However, the precise mechanism of action of Ave-
mar is still not entirely clarified, but a complex mechanism of
action is envisioned with probably more than one active ingredi-
ent. Since benefits were observed in small clinical trials, further
large scale, double blind, randomized, and placebo-controlled
clinical studies are warranted.
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germ extract (Avemar) inhibits adjuvant arthritis. Ann NY Acad Sci 1110,
348–361, 2007.
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