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Abstract The complication of multiple brain meta-

stases in breast cancer patients is a life threatening

condition with limited success following standard

therapies. The arachidonate lipoxygenase pathway

appears to play a role in brain tumor growth as well as

inhibition of apoptosis in in-vitro studies. The down

regulation of these arachidonate lipoxygenase growth

stimulating products therefore appeared to be a

worthwile consideration for testing in brain metastases

not responding to standard therapy. Boswellia serrata,

a lipoxygenase inhibitor was applied for this inhibition.

Multiple brain metastases were successfully reversed

using this method in a breast cancer patient who had

not shown improvement after standard therapy. The

results suggest a potential new area of therapy for

breast cancer patients with brain metastases that may

be useful as an adjuvant to our standard therapy.
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A 39-year-old woman presented with symptoms of

headache and nausea to her physician. She had been

operated on 1 year earlier for primary breast cancer,

stage I, with no metastases or lymph node involvement,

followed by a monotherapy study with trastuzamab

because of her tumor’s HER2 positive receptors.

Following a negative physical examination further

staging included a tumor marker evaluation and a

computed tomography (CT) scan for her head. The

results showed multiple brain metastases (Fig. 1a, b).

The patient was started on capecitabine and given

radiation therapy of 44 Gy with no improvement seen

for the first 2 weeks. The severity and inoperability of

her condition made using an additional therapy a

consideration. An oxidoreductase [plant lipoxygenases

(LOX)] inhibitor was applied (Boswellia serrata)

which has no known major side effects. The enzyme,

LOX, arachidonate: oxygen oxidoreductase (form

mammalian LOX) is thought to be responsible for

edema in primary brain tumors and present ongoing

studies on LOX inhibitors in Germany indicate an

overall improvement in response to radiation therapy

as well as a decrease in some primary brain tumors

seen even without radiation. Although it was not

known if LOX inhibitors would be helpful in breast

cancer brain metastases it was worth considering in this

case since she had not only several large tumors but

also additional extremely small tumors scattered

throughout the brain. She was immediately placed on a

LOX inhibitor. Following 10 weeks of therapy, the

patient was scheduled for a new CT since her CEA and

Ca 15–3 tumor markers had increased. The CT results

showed a complete disappearance of all signs of

metastases in her brain (Fig. 2a, b).

The patient has been maintained on the LOX

inhibitor, Boswellia serrata, 3 · 800 mg/day with no

new signs of cerebral involvement of her breast

cancer for over 4 years, however, there have recently

been skeletal metastases which most likely indicates

LOX has a limited skeletal tissue involvement in

cancer.
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Since life expectancy decreases to 3–5 months with

multiple brain metastases its appearance is a dreaded

complication in breast cancer patients. The incidences of

central nervous system (CNS) metastases following

breast cancer treatments with trastuzumab are 25–34%.

This is an unfortunate complication thought to be a result

of the inability of trastuzumab to cross the blood brain

barrier in HER2 positive patients [1]. Brain metastases

are often treated with surgical resection, stereotactic ra-

diosurgery, whole brain radiation therapy or chemo-

therapy [2–4]. Even though combination therapies are

often applied the survival rate for multiple brain metas-

tases is still very poor [5], and even though usually not

very successful, some benefits have been seen with the

use of chemotherapy in individual cases [6].

The metabolites of the LOX hydroxyeicosatetrae-

noic acid (HETE) derivatives in the arachidonic acid

(AA) cascade have been shown to inhibit apoptosis,

programmed cell death. Inhibition of LOX has proven

to be effective in inducing apoptosis. The mechanisms

of the LOX inhibitors to promote apoptosis is by

decreasing the antiapoptotic gene, bcl-2 [7], and by

decreasing the antiapoptotic phosphatidylinisitol-3 (PI-

3) kinase-Akt signaling pathway [8]. Furthermore, a

link has been shown between the activity of the tumor-

suppressor gene p53 and 15 LOX (h15-LO). When the

p53 is mutated the h15-LO is increased causing tumor

growth and preventing cell death [9]. Similarly in vas-

cular smooth muscle cells LOX metabolites promote

vascular cell growth by stimulating cFos, cJun, and

cMyc mRNA expression. Additionally linoleic acid

activates the ras gene further enhancing cell growth

and replication [10].

After seeing the impact of LOX in cancer cell

growth it should not be considered unusual that LOX

have been found to be elevated in human brain tumors,

including meningeoma and glioblastoma. Some of the

LOX involved are thought to be present because of the

macrophage/monocyte infiltration [11]. Further re-

search studies have indicated that LOX also has a role

in prostate cancer [12], pancreatic cancer [13], and

breast cancer [14]. Most likely the entire AA cascade

and the metabolites of AA and LOX are working

synergistically in promoting tumor growth and pre-

venting apoptosis. The successful regression and

lengthy remission of this patient’s brain metastases

would seem to indicate that the LOX inhibitors were

potentially responsible for staving off new CNS

metastases and perhaps, may prove fruitful in other

cancers mentioned above.

Acknowledgements This work was supported by The Samuel
Freeman Charitable Trust and the M.J. and Caral G. Lebworth
Foundation. Special Thanks to Dr. Albert Scheller (deceased 9/
’05) of the Leonardis Oncology Clinic in Bad Heilbrunn, Ger-
many for his excellent additional care of this patient, and Dr.
Ursula Jacobs for her continued assistance in therapy.

References

1. Kirsch D, Ledezma C, Mathews C et al (2005) Survival after
brain metastases from brest cancer in the Trastuzumab era.
J Clin Oncol 23(9):2114–2116

2. Langer C, Mehta M (2005) Current management of brain
metastases, with a focus on systemic options. J Clin Oncol
23(25):6207–6219

3. Loeffler JS, Kooy HM, Wen PY et al (1990) The treatment
of recurrent brain metastases with stereotactic radiosurgery.
J Clin Oncol 8:576–582

4. Giller CA, Berger BD (2005) New frontiers in radiosurgery
for the brain and body. BUMC Proc 18:311–319

5. Hazuka MB, Burleson WD, Stroud DN et al (1993) Multiple
brian metastases are associated with poor survival in patients
treated with surgery and radiotherapy. J Clin Oncol 11:369–373

6. Lin NU, Bellon JR, Winer EP (2004) CNS metastases in
breast cancer. J Clin Oncol 22(17):3608–3617

7. Tang DG, Chen YQ, Honn KV (1996) Arachidonate lipox-
ygenases as essential regulators of cell survival and apopto-
sis. Proc Natl Acad Sci USA 93:5241–5246

8. Chen JK, Capdevila J, Harris RC (2001) Cytochrome P450
epoxygenase metabolism of arachidonic acid inhibits apop-
tosis. Mol Cell Biol 21(18):6322–6331

Fig. 1 CT before Boswellia

Fig. 2 CT after Boswellia (10 weeks)

92 J Neurooncol (2007) 82:91–93

123



9. Kelavkar UP, Badr KF (1999) Effects of mutant p53
expression on human 15-lipoxygenase-promoter activity and
murine 12/15-lipoxygenase gene expression: evidence that
15-lipoxygenase is a mutator gene. Proc Natl Acad Sci USA
96:4378–4383

10. Reo GN, Alexander RW, Runge MS (1995) Linoleic acid
and its metabolites, hydroperoxyoctadecadienoic acids,
stimulate c-Fos, c-Jun, and c-Myc mRNA expression, mito-
gen-activated protein kinase activation, and growth in rat
aortic smooth muscle cells. J Clin Invest 96:842–847

11. Boado RJ, Pardridge WM, Vinters HV, Black KL (1992)
Differential expression of arachidonate 5-lipoxygenase
transcripts in human brain tumors: evidence for the expres-

sion of a multitranscript family. Proc Natl Acad Sci USA
89:9044–9048

12. Ghosh J, Myers CE (1998) Inhibition of arachidonate 5-lip-
oxygenase triggers massive apoptosis in human prostate
cancer cells. Proc Natl Acad Sci USA 95:13182–13187

13. Ding XZ, Hennig R, Adrian TE (2003) Lipoxygenase and
cyclooxygenase metabolism: new insights in treatement in
chemoprevention of pancreatic cancer. Mol Cancer 2:10

14. Noguchi M, Rose DP, Erashi M et al (1995) The role of fatty
acids and eicosanoid synthesis inhibitors in breast carcinoma.
Oncology 52:265–271

J Neurooncol (2007) 82:91–93 93

123

View publication statsView publication stats

https://www.researchgate.net/publication/6792103

	A lipoxygenase inhibitor in breast cancer brain metastases
	Abstract
	Acknowledgements
	References
	Fig1
	Fig2


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


