
162

Transforming Growth Factor-β Levels in Human Aqueous 
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Purpose: Transforming growth factor-β2 is known to be present at elevated levels in the aqueous humor of 
patients with primary open angle glaucoma (POAG) and diabetes but not in uveitis-related secondary 
glaucoma. We investigated total TGF-β2 levels and levels of the active form of TGF-β2 in the aqueous humor 
of eyes with different types of glaucoma.
Methods: The concentration of the total and active form of TGF-β2 was measured in 63 patients with primary 
open angle glaucoma, neovascular glaucoma complicated with diabetes (NVG), and secondary open angle 
glaucoma complicated with uveitis (SOAG) using a double antibody ‘sandwich-indirect’ ELISA method.
Results: The levels of total TGF-β2 in the aqueous samples of POAG, NVG, and SOAG were elevated. The 
levels of active TGF-β2 in the aqueous samples of POAG, and NVG were also elevated, whereas the level 
of active TGF-β2 was within the normal range in the aqueous samples of SOAG.
Conclusions: These results suggest that the level of TGF-β2 may play a role in the pathology of various 
types of glaucoma.  Korean Journal of Ophthalmology 20(3):162-165, 2006
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Transforming growth factor-βs (TGF-βs) constitute a 
family of multifunctional polypeptides of approximately 25 
kDa, and exhibit pleiotropic regulatory actions upon most 
vertebral cell types.1,2 Depending on the cell type, they 
regulate proliferation, migration, differentiation, cytokine 
production, synthesis of extracellular matrix (ECM), wound 
healing, immunosuppression, and in vivo angiogenesis.3 TGF-
β exists in at least five genetically distinct isoforms, β1-β5.4 
Among these, only three isoforms, namely β1, β2, and β3, are 
expressed in human ocular tissues.4 

TGF-β2 is regarded as the major isoforms in the eye.2-4 
Elevated levels of TGF-β2 have been detected in the aqueous 
humor of glaucomatous eyes,4-7 and reduced levels of active 
TGF-β2 have been detected in the aqueous humor of uveitic 
eyes.8 

In this study, we evaluated levels of total TGF-β2 and the 
active form of TGF-β2 in the aqueous humor of patients with 
different types of glaucoma (POAG, NVG, and SOAG), 
using a sensitive and specific enzyme-linked immunosorbent 
assay (ELISA).

Materials and Methods

1. Materials

Aqueous humor was collected in the operating room from 
63 eyes of 63 human subjects (age range, 19 to 83 years; 
mean±standard deviation, 49.88±17.58) undergoing cataract 
or glaucoma surgery.

Patients were classified into four groups: those with POAG 
(group P; 14 patients), those with NVG complicated with 
diabetes (group N; 14 patients), those with SOAG compli-
cated with uveitis (group S; 15 patients), and those with only 
cataract (group C, control group; 20 patients).

In group P, the average preoperative intraocular pressure 
(IOP) was 21.8±5.7 mmHg. The patients had established 
diagnosis of advanced POAG that correlated with advanced 
visual field loss. The POAG patients received 2.51±0.76 
anti-glaucoma medications, and none of the patients had 
previous ocular surgery of any kind. In group N, the average 
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Fig. 1. Concentration of total transforming growth factor (TGF)-
β2 in the aqueous humor of different types of glaucoma. 

Fig. 2. Concentration of active transforming growth factor (TGF)-
β2 in the aqueous humor of different types of glaucoma. 

preoperative IOP was 33.7±6.2 mmHg. All patients had 
proliferative diabetic retinopathy with rubeosis iridis. The 
patients were treated with 2.23±1.18 anti-glaucoma medi-
cations and panretinal photocoagulation (PRP). The anterior 
segment neovascularization was reduced in nine patients, but 
peripheral anterior synecia formation progressed. Five 
patients had peripheral anterior synecial closure at the time 
of PRP. In group S, the average preoperative IOP was 27.3±
4.7 mmHg. The patients had uveitis with anterior, inter-
mediate, posterior, and panuveitis of different origins. In 
group C, patients underwent elective cataract extraction with 
intraocular lens implantation. All patients had a normal ocular 
examination. Patients were excluded if they were taking 
topical medication or had an ocular condition that was being 
treated with topical or systemic medications. 

2. Interventions Preceding Aqueous Humor 

Sampling

All surgery was performed under local anesthesia, consist 
of 2% lidocaine hydrochloride, administered by retrobulbar 
and nadbath injection.

3. Collection of Aqueous Humor

All samplings were performed by the same surgeon. At the 
time of cataract or glaucoma surgery, a limbal paracentesis 
was made with a 20 G MVR knife (BD Ophthalmic systems, 
Bidford on Avon, Warks, B50 4JH, UK). Aqueous humor 
(100~200 μL) was aspirated into a tuberculin microsyringe 
prior to any incisional surgical procedures. All samples were 
rapidly frozen and stored in a -70℃ freezer until analysis.

4. Detection and quantification of TGF-β2 by ELISA

The concentration of TGF-β2 in aqueous humor samples 
was quantified by a double antibody ‘sandwich-indirect’ 
enzyme-linked immunosorbent assay (R&D Systems, Min-
neapolis, MN, U.S.A.), with a sensitivity of 2 pg/ml. Intra- 
and inter-assay coefficients of variation for ELISA were 
within 7%. The concentration of TGF-β2 in the aqueous 
humor samples was determined by comparison with a 
standard curve of activity of standard TGF-β2. 

Briefly, 100 μL standard TGF-β2 or aqueous humor sample 
was added to a 96-well ELISA plates coated with murine 
monoclonal anti-TGF-β2-antibodies. After 2 hours of incu-
bation at room temperature, the wells were washed three 
times with 400 μL wash buffer. Each well was coated with 
200 μL of polyclonal anti-TGF-β2 antibodies conjugated to 
horseradish peroxidase. The mixture was incubated and 
washed, as previously described. 200 μL substrate solution 
was added to each well, and the plate was incubated for 20 
minutes at room temperature to allow the reaction to proceed. 
50 μL stop solution was then added to each well. Absorbance 
at 450 nm was measured with an immunoreader system 
(BIO-TEK, Winooski, VT, USA).

5. Acid Activation of the Aqueous Humor Samples

For the determination of total TGF-β2, all of the aqueous 
humor samples were treated with 10 μL 1N HCl, and left for 
10 minutes at room temperature to allow activation. Then, 10 
μL 1.2 N NaOH/0.5 M HEPES was added for neutralization, 
and diluted with 340 μL Calibrator Diluent. Determination of 
total TGF-β2 was performed immediately.

6. Statistical Analysis

Statistical analysis was performed, using the Kruskall-Wallis 
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test program. A multiple comparison was conducted, using 
the Mann-Whitney test. Significant differences were defined 
by P values below 0.05.

Results

The concentration of total and active TGF-β2 in each 
group are shown in Fig. 1 and 2. The concentrations of total 
TGF-β2 (mean±standard deviation) in the aqueous humor are 
shown in Fig. 1. The mean concentration of total TGF-β2 in 
groups P, N, and S was 3824±890 pg/ml, 3264±221 pg/ml, 
and 1984±539 pg/ml, respectively. These values were 
significantly higher than that of group C (1392±177 pg/ml, 
p<0.05). 

The concentrations of active TGF-β2 (mean±standard 
deviation) in the aqueous humor are shown in Fig. 2. The 
concentration of active TGF-β2 in the aqueous humor of 
groups P, N, and S was 397±147 pg/ml, 535±126 pg/ml, 
and 277±136 pg/ml, respectively, compared with 233±66 
pg/ml for group C. Active TGF-β2 levels in groups P and N 
were statistically significantly higher than that of the control 
group C (p<0.05). 

Discussion

The physiologic function of TGF-β2 in the tissue of the 
eye is not yet fully understood. TGF-β2 has previously been 
shown to increase accumulation of ECM components and 
stimulate neovascularization.7,9-10 TGF-β2 is thought to play 
an important role in the immunosuppressive function of 
aqueous humor for the maintenance of anterior chamber- 
associated immune deviation (ACAID).11 

Tripathi et al.10 reported that the mean concentrations of 
total and active TGF-β2 in the aqueous humor of POAG were 
2700 pg/ml and 450 pg/ml, respectively, compared with 1480 
pg/ml and 200 pg/ml in the control group. Our study 
confirmed that the levels of both total and active TGF-β2 
were significantly higher in group P than in group C. TGF-β2 
plays a regulatory role in the accumulation of ECM by 
stimulating the synthesis and secretion of matrix proteins and 
protease inhibitors, and inhibits the synthesis of proteolytic 
enzymes.12 It also inhibits proliferation and migration of 
trabecular cells in vitro.13 Thus, high levels of total and active 
TGF-β2 may contribute to the development of outflow resis-
tance in the pathogenesis of POAG.

Ochiai et al.9 reported total TGF-β2 levels of 1716 pg/ml, 
and 1001 pg/ml, respectively, in the aqueous of diabetics and 
control eyes. Another study reported that the concentrations 
of total and active TGF-β2 in the vitreous of patients with 
proliferative diabetic retinopathy (PDR) were 2634 pg/ml and 
244 pg/ml, respectively.14 The levels of total and active TGF-
β2 in the vitreous of nondiabetic subjects were 1305 pg/ml 
and, 79 pg/ml, respectively.14 We showed elevated levels of 
both total and active TGF-β2 in NVG related to diabetes. An 
elevated concentration of TGF-β2 in the aqueous humor of 

patients with NVG complicated with diabetes may result in 
neovascularization. Therefore, the production of TGF-β2 in 
the eyes of NVG patients may have a different outcome from 
that in the eyes of POAG patients.

TGF-β2 in aqueous humor contributes to the fluid’s 
immunosuppressive function and inhibits T-cell proliferation. 
Decreased levels of TGF-β2 in the aqueous humor of uveitis 
have been reported in a previous study.8 It has been reported 
that macroglobulin present in the serum binds TGF-β, 
inhibiting activation. The presence of such proteins in the 
aqueous humor of uveitic patients may lower the level of 
active TGF-β2.8 In this study, the level of active TGF-β2 was 
not elevated when compared with the control; in fact, since 
the total level of TGF-β2 in SOAG was higher than that of 
the control, the relative concentration of active TGF-β2 is 
lower in the SOAG patients. Further studies will be required 
to improve our understanding of the roles of TGF-β2 in the 
aqueous humor of various types of glaucomatous eyes. 

This study is the first report of increased levels of TGF-β2 
in the aqueous humor of NVG complicated with diabetes in 
Korea. We demonstrate elevated concentrations of total TGF-
β2 in the aqueous humor of patients with POAG, NVG, and 
SOAG. The concentrations of active TGF-β2 in the aqueous 
humor are also elevated in POAG, and NVG, while the 
relative concentration of active TGF-β2 in SOAG is decreased. 
TGF-β2 may play a role in the pathology of various types 
of glaucoma. Further studies will be needed to elucidate the 
therapeutic implications for TGF-β2 as an anti-inflammatory 
or immunosuppressant agent in the treatment of glaucoma. 

References

1. Imanishi J, Kamiyama K, Iguchi I, et al. Growth factors: 
importance in wound healing and maintenance of trans-
parency of the cornea. Prog Retin Eye Res 2000;19:113-29.

2. Kokawa N, Sotozono C, Nishida K, Kinoshita S. High total 
TGF-b levels in normal human tears. Curr Eye Res 1996; 
15:341-3.

3. Roberts AB, Sporn MB. The transforming growth factor-βs. 
In : Sporn MB, Roberts AB, eds. Handbook of Experimental 
Phamacology. Heidelberg: Springer-Veriag, 1990;95:419-72

4. Nishida K, Sotozono C, Adachi W, et al. Transforming 
growth factor-beta 1, -beta 2, and -beta 3 mRNA expres-
sion in human cornea. Curr Eye Res 1995;14:235-41.

5. Jampel HD, Roche N, Stark WJ, Roberts AB. Transforming 
growth factor-β in human aqueous humor. Eye Res 1990;9: 
963-9.

6. Tanihara H, Inatani M, Honda Y. Growth factor and their 
receptors in the retina and pigment epithelium. Prog Ret 
Eye Res 1997;16:271-301.

7. Inatani M, Tanihara H, Katsuta H, et al. Transforming 
growth factor-β2 in aqueous humor of glaucomatous eyes. 
Graefe’s Arch Clin Exp Ophthalmol 2001;239:109-13.

8. Boer JH, Limpens J, Orengo-Namia S, et al. Low mature 
TGF-β2 in aqueous humor during uveitis. Invest Ophthalmol 
Vis Sci 1994;35:3702-10.

9. Ochiai Y, Ochiai H. Higher concentration of transforming 
growth factor-β in aqueous humor of glaucomatous eyes 
and diabetic eyes. Jpn J Ophthalmol 2002;46:249-53.



SH Min, et al. TGF-β Levels in Human Aqueous Humor

165

10. Tripathi RC, Li J, Chan WF, Tripathi BJ. Aqueous humor 
in glaumatous eyes conatains an increased level of TGF-β2. 
Exp Eye Res 1994;9:723-8.

11. Cousins SW, McCabe MM, Danielpour D, Streilein JW. 
Identification of transforming growth factor- betas as an 
immunosuppressive factor in aqueous humor. Invest 
Ophthalmol Vis Sc 1991;32:2201-11.

12. Yamashita H. Functions of the transforming grouth factor-

β superfamily in eyes. J Jpn Ophthalmol Soc 1997;101:927- 
47.

13. Borisuth NSC, Tripathi BJ, Tripathi RC. Identification and 
partial characterization of TGF-β1 receptors on trabeculat 
cells. Invest Ophthalmol Vis Sci 1992;3:407-14.

14. Hirase K, Sotozono C, Ikeda T, et al. Transforming growth 
factor beta2 in the vitreous in proliferative diabetic retino-
pathy. Arch Ophthalmol Vis Sci 1998;116:738-41.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /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 false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


