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INTRODUCTION

Pheochromocytoma usually presents with typical signs
and symptoms, such as headache, sweating, and palpita-
tions due to excessive catecholamine release. Few publica-
tions have reported that these tumors are capable of
secreting a variety of bioactive neuropeptides and hormones
other than catecholamines, resulting in unusual clinical
manifestations.1-4 Interleukin-6 (IL-6) is a multifunctional
molecule that plays an important role in hematopoiesis and
immune and inflammatory responses. IL-6 stimulates the
activation and differentiation of B and T lymphocytes,
induces fever and regulates the acute-phase protein synth-
esis of proteins such as C-reactive protein (CRP) and
fibrinogen.5 IL-6 is mainly produced by lymphocytes and
monocytes but can also be produced by other cell types
including fibroblasts, keratinocytes, mesangial cells,
endothelial cells, and adrenal cortical cells.6,7 We report an
18-year-old normotensive, female patient who had an
interleukin-6-producing pheochromocytoma and presented
with fever of unknown origin associated with elevated
levels of inflammatory markers.

CASE REPORT

An 18-year-old girl sought medical help for her ongoing
malaise and fever following an upper respiratory tract
infection. She had experienced weight loss of 3 kg, but did
not have typical paroxysmal symptoms. Her physical
examination showed no pathological findings except a
temperature of 38.7 C̊. Her blood pressure was measured
to be 90/60 mmHg. Laboratory data revealed both an
elevated erythrocyte sedimentation rate (130 mm/h) and
an elevated C-reactive protein level (98 mg/dl, normal; 0–
5). Specific and nonspecific blood and urine cultures were
negative for microbiological pathogens. Viral serological
markers were negative as well. The total blood count
revealed hypochromic and microcytic anemia (Hb: 8.6 g/dl,
Hct: %25, MCV: 75 fl, RDW: 18.9%, MCHC: 33.3 g/dl) with
marked thrombocytosis (PLT: 901000/ml) and slight neu-
trophilic leukocytosis (WBC: 12600/ml, neutrophils: 9700/
ml), which was confirmed later with both peripheral blood

and bone marrow smears. Her liver enzymes were within
the normal range.

A fever between 37.5 C̊ and 41 C̊ persisted. Contrast-
enhanced magnetic resonance imaging of the upper abdo-
men indicated a smooth-contoured right adrenal mass with
a diameter of 5.5 cm, which was hypointense and hetero-
geneous on T1-weighted images, whereas it was hyper-
intense and heterogeneous on T2-weighted images, with
nodular contrast enhancement toward the center of the mass
(Figure 1). This patient was referred to our department for
further evaluation. The morning fasting serum cortisol level,
the plasma aldosterone level and the renin activity of the
patient in the prone and upright positions were within the
normal ranges. The urinary normetanephrine level was
elevated to a level of 3612 mg/24 hours (normal; 105–354).
These findings supported the diagnosis of pheochromocy-
toma. Almost immediate cessation of the fever and a
gradual normalization of the clinical inflammatory marker
levels were achieved after four weeks of adrenergic
blockade with doxazosin. At admission, the serum inter-
leukin-6 level was measured to be 12.5 pg/mL (normal
,3.0 pg/mL), which then became 9.9 pg/mL in the second
month of the adrenergic blockade. The IL-6 level decreased
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Figure 1 - Hyperintense and heterogeneous right adrenal mass
(arrow) on a T2-weighted MRI image.
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to 6.6 pg/mL after complete resection of the tumor, which
proved histopathologically to be a pheochromocytoma. The
serum interleukin-6 level returned to normal a few weeks
after the operation (Figure 2).

DISCUSSION

The unusual presentation of our pheochromocytoma
case, with normal blood pressure, fever, and a marked
inflammatory response, indicates the complexity of the
clinical manifestations of this rare tumor. There have been
other reports of adrenal tumors presenting with fever,
hypertension, anemia, thrombocytosis, megakaryocytosis,
and hyperfibrinogenemia associated with elevated levels of
IL-6.1,4,8-11 Cytokine production by the tumor could
occasionally play a crucial role in the emergence of unusual
symptoms such as fever and weight loss. IL-6 is clearly
associated with the inflammatory response mediated by the
differentiation of B-lymphocytes into immunoglobulin-
producing plasmacytes and potently stimulates the pro-
duction of acute inflammatory proteins while decreasing
serum albumin levels.8,9 IL-6 is also the cause of mega-
karyocytosis.12,13 IL-6 over-production can be either
ascribed directly to the tumor or indirectly accounted for
by tumoral production as a consequence of the high levels
of circulating norepinephrine. The relief of symptoms and
the normalization of the inflammatory marker levels
following the decrease in the level of IL-6 after resection
of the tumor strongly support the role of IL- 6 in this
unusual presentation of our case. Although there are some
data demonstrating the effectiveness of non-steroidal anti-
inflammatory drugs in reducing IL-6 levels and inflamma-
tory symptoms in patients with pheochromocytomas,1,4,12

our patient achieved fever remission through the use of
alpha-adrenergic receptor blockers, corroborating the
results of a previous study.14 Our patient had no
hypertension despite high catecholamine levels. This
situation could be explained by the increased nitric oxide
synthesis due to IL–6 activity, which might have led to
vasodilation.15,16

CONCLUSION

Pheochromocytoma may be a cause of paraneoplastic
syndrome with pyrexia in addition to inducing a marked
increase in the levels of inflammatory markers. IL-6 appears
to be the primary mediator. This rare tumor has to be
considered in the vast differential diagnosis of fever of
unknown origin.
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Schwalbe E, Jirikowski G, Scherbaum WA. Interleukin-6 messenger
ribonucleic acid expression in human adrenal gland in vivo: New clue to
a paracrine or autocrine regulation of adrenal function. J Clin Endocrinol
Metab. 1994;79:1492-7, doi: 10.1210/jc.79.5.1492.

8. Fukumoto S, Matsumoto T, Harada S, Fujisaki J, Kawano M, Ogata E.
Pheochromocyroma with Pyrexia and Marked Inflammatory Signs: A
Paraneoplastic Syndrome with Possible Relation to Interleukin-6 Production.
J Clin Endocrinol Metab. 1991;73:877-80, doi: 10.1210/jcem-73-4-877.

9. Minetto M, Dovio A, Ventura M, Cappia S, Daffara F, Terzolo M, et al.
Interleukin-6 producing pheochromocytoma presenting with acute
inflammatory syndrome. J Endocrinol Invest. 2003;26:453-7.

10. Suzuki K, Miyashita A, Inoue Y, Iki S, Enomoto H, Takahashi Y, et al.
Interleukin-6-Producing Pheochromocytoma. Acta Haematol. 1991;85:
217-9, doi: 10.1159/000204897.

11. Takagi M, Egawa T, Motomura T, Sakuma-Mochizuki J, Nishimoto N,
Kasayama S, et al. Interleukin-6 secreting pheochromocytoma associated

Figure 2 - Inflammation markers and IL-6 levels before and after therapy.

Interleukin-6-producing pheochromocytoma
Yarman S et al.

CLINICS 2011;66(10):1843-1846

1844

http://dx.doi.org/10.1046%2Fj.1365-2265.2001.01082.x
http://dx.doi.org/10.1046%2Fj.1365-2265.2001.01082.x
http://dx.doi.org/10.1046%2Fj.1365-2265.2001.01082.x
http://dx.doi.org/10.1046%2Fj.1365-2265.2001.01082.x
http://dx.doi.org/10.1016%2FS0090-4295%2898%2900192-7
http://dx.doi.org/10.1016%2FS0090-4295%2898%2900192-7
http://dx.doi.org/10.1111%2Fj.1365-2265.1992.tb02359.x
http://dx.doi.org/10.1111%2Fj.1365-2265.1992.tb02359.x
http://dx.doi.org/10.1111%2Fj.1365-2265.1992.tb02359.x
http://dx.doi.org/10.1111%2Fj.1365-2265.1992.tb02359.x
http://dx.doi.org/10.1055%2Fs-0028-1103300
http://dx.doi.org/10.1055%2Fs-0028-1103300
http://dx.doi.org/10.1055%2Fs-0028-1103300
http://dx.doi.org/10.1055%2Fs-0028-1103300
http://dx.doi.org/10.1055%2Fs-0028-1103300
http://dx.doi.org/10.1210%2Fjc.82.7.2343
http://dx.doi.org/10.1210%2Fjc.82.7.2343
http://dx.doi.org/10.1210%2Fjc.82.7.2343
http://dx.doi.org/10.1210%2Fjc.82.7.2343
http://dx.doi.org/10.1210%2Fjc.79.5.1492
http://dx.doi.org/10.1210%2Fjc.79.5.1492
http://dx.doi.org/10.1210%2Fjc.79.5.1492
http://dx.doi.org/10.1210%2Fjc.79.5.1492
http://dx.doi.org/10.1210%2Fjc.79.5.1492
http://dx.doi.org/10.1210%2Fjcem-73-4-877
http://dx.doi.org/10.1210%2Fjcem-73-4-877
http://dx.doi.org/10.1210%2Fjcem-73-4-877
http://dx.doi.org/10.1210%2Fjcem-73-4-877
http://dx.doi.org/10.1159%2F000204897
http://dx.doi.org/10.1159%2F000204897
http://dx.doi.org/10.1159%2F000204897
http://dx.doi.org/10.1046%2Fj.1365-2265.1997.1160931.x
http://dx.doi.org/10.1046%2Fj.1365-2265.1997.1160931.x


with clinical markers of inflammation. Clin Endocrinol. 1997;46:507-9,
doi: 10.1046/j.1365-2265.1997.1160931.x.

12. Moshage HJ, Roelofs HM, van Pelt JF, Hazenberg BP, van Leeuwen MA,
Limburg PC, et al. The effect of ınterleukin-1, ınterleukin-6 and its
interrelationship on the synthesis of serum amyloid A and C- reactive
protein in primary cultures of adult human hepatocytes. Biochem Biophys
Res Commun. 1988;155:112-7, doi: 10.1016/S0006-291X(88)81056-8.

13. Lotem J, Shabo Y, Sachs L. Regulation of megakaryocyte development by
ınterleukin–6. Blood. 1989;74:1545-51.

14. Salahuddin A, Rohr-Kirchgraber T, Shekar R, West B, Loewenstein J.
Interleukin-6 in the fever and multiorgan crisis of pheochromocytoma.
Scand J Infect Dis. 1997;29:640-2, doi: 10.3109/00365549709035914.

15. Moncada S, Palmer RM, Higgs EA. Nitric oxide: Physiology, pathophy-
siology and pharmacology. Pharmacol Rev. 1991;43:109-42.

16. Kang JM, Lee WJ, Kim WB, Kim TY, Koh JM, Hong SJ, et al. Systemic
inflammatory syndrome and hepatic inflammatory cell infiltration
caused by an interleukin-6 producing pheochromocytoma. Endocr J.
2005;52:193-8, doi: 10.1507/endocrj.52.193.

CLINICS 2011;66(10):1843-1846 Interleukin-6-producing pheochromocytoma
Yarman S et al.

1845

http://dx.doi.org/10.1046%2Fj.1365-2265.1997.1160931.x
http://dx.doi.org/10.1046%2Fj.1365-2265.1997.1160931.x
http://dx.doi.org/10.1016%2FS0006-291X%2888%2981056-8
http://dx.doi.org/10.1016%2FS0006-291X%2888%2981056-8
http://dx.doi.org/10.1016%2FS0006-291X%2888%2981056-8
http://dx.doi.org/10.1016%2FS0006-291X%2888%2981056-8
http://dx.doi.org/10.1016%2FS0006-291X%2888%2981056-8
http://dx.doi.org/10.3109%2F00365549709035914
http://dx.doi.org/10.3109%2F00365549709035914
http://dx.doi.org/10.3109%2F00365549709035914
http://dx.doi.org/10.1507%2Fendocrj.52.193
http://dx.doi.org/10.1507%2Fendocrj.52.193
http://dx.doi.org/10.1507%2Fendocrj.52.193
http://dx.doi.org/10.1507%2Fendocrj.52.193

	Title
	Authors
	INTRODUCTION
	CASE REPORT
	Figure 1
	DISCUSSION
	CONCLUSION
	REFERENCES
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Figure 2
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


