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Abstract 

Surfactant protein D (SP-D), a collagenous C-type lectin, plays an important role in the 
regulation of the innate immune response in lungs. Expression of SP-D has also been reported at 
many extrapulmonary sites including intestine. The objective of this study was to examine the 
effects of endotoxin on enterocyte like Caco-2 cell metabolism and to investigate whether 
recombinant SP-D (rSP-D) might have a protective response against possible endotoxin induced 
metabolic changes in Caco-2 cells. Our results demonstrate that Lipopolysaccharide (LPS) alone 
inhibits RNA and glyco(protein) synthesis while in combination with rSP-D, no alteration of cellular 
metabolism is observed. Furthermore, LPS alone causes cell death while the addition of SP-D gives 
protection against these toxic effects of LPS. Since intestinal epithelium cells are constantly in 
contact with bacterial endotoxins, we speculate that SP-D is part of a natural protection mechanism 
in the intestinal tract. 
 
INTRODUCTION 
 

The mucosal surface of the gastrointestinal tract (GIT) is covered with a one cell layer, the 
mucosal epithelium. Intestinal epithelium is constantly exposed to gram negative bacteria, which are 
able to directly deposit their toxic and proinflammatory constituents such as LPS at the intestinal 
epithelial apical surface. LPS may then be internalized, recycled, stored, or transcytosed from the 
apical to the basolateral pole of the intestinal epithelium (1). LPS is a potent toxin that elicits several 
immediate proinflammatory responses in mammalian cells. Despite the density of these bacteria 
and their toxins, the intestinal epithelium does not activate proinflammatory responses to these 
organisms. Both innate and acquired immune systems protect the GIT against microbial endotoxins.  

Surfactant protein D (SP-D) is a collagenous glycoprotein which belongs to a family of 
proteins implicated in innate immunity termed as collectins (2). Other members of the collectin 
family are Surfactant protein A (SP-A), mannose binding lectin (MBL) and bovine conglutinin. 
Collectins share the same basic structural properties: they are multimers consisting of a short 
cysteine-rich, N-terminal cross-linking domain, followed by a collagen domain, an -helical neck 
domain and a C-type lectin (calcium-dependent) domain, or a carbohydrate recognition domain 
(CRD) (3).  Alveolar type II cells and Clara cells (uncilliated bronchial epithelium) of the lung are the 
major sites of synthesis of surfactant proteins (4). SP-D has been extensively studied in lungs and it 
plays an important role in the host defense and inflammatory processes in lungs (5). SP-D can 
recognize a spectrum of pathogens and can interact with a number of viruses, bacteria and fungi 
(6). Both surfactant proteins SP-A and SP-D are reported to be synthesized in different species by a 
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variety of extra-pulmonary tissues including middle ear duct, oesophagus, stomach, intestine and 
peritoneal cavity mesentery (7). In a recent study expression of SP-D has been shown in human 

gastric antral mucosa at both the mRNA and the protein levels. In the same study, it has been 
demonstrated that the gastric epithelium is capable of high levels of SP-D expression in the context 

of H. pylori infection (8). Expression of this protein at this site suggests that SP-D may play a role in 
host defense of the GIT. SP-D binds directly to LPS on the surface of gram-negative bacteria via the 
carbohydrate recognition domain. This process may result in the aggregation of microorganisms 
followed by enhanced phagocytosis by neutrophils and macrophages (9). 

Caco-2 cell culture displaying enterocyte like differentiation is a suitable model for studying 
proliferation and differentiation mechanisms of intestinal epithelial cells at the cellular level. 
Differentiated cells exhibit structural and functional properties of the small intestinal villous 
enterocytes (10). 

The objective of this study was to examine the effects of endotoxin on enterocyte like Caco-
2 cell metabolism and to determine whether rSP-D might have a protective response against 
possible endotoxin induced metabolic changes in Caco-2 cells. 
 
MATERIALS AND METHODS 
 
Expression and purification of recombinant SP D (rSP-D): 
 

Recombinant homotrimeric fragment composed of collagen region, α-helical coiled-coil neck 
region and CRDs of human SP-D was prepared in E. coli BL21 (DE3) as described by Kishore et al 
(11). rSP-D preparation was analyzed for bacterial endotoxin contamination with a Limulus 
amebocyte lysate (LAL) assay (BioWhittaker, Walkersville, MD). The amount of endotoxin present 
in the rSP-D preparation was found to be 331 pg of endotoxin per μg of rSP-D. 
 
Lipopolysaccharide (LPS) 
 

LPS (E. coli O55:B5) used in this study was taken from the LAL kit.  
 
Caco-2 cell culture and incorporation of radioactive precursors after incubation with rSP-D and LPS: 
 

Caco-2 cells were cultured for 19 days to achieve fully differentiated cell populations. This 
study encompassed cell passage numbers 40-50. On day 19 of culture, different concentrations of 
rSP-D and endotoxin were added to the cells in low glucose (5.54mM glucose) and serum free 
medium. Radioactive precursors 14C-thymidine (0.02 μCi), 3H-glucosamine (0.8 μCi) and 14C-
uridine (0.02 μCi), 35S-methionine (0.1 μCi) (Amersham, Nederland BV) were added to the 
monolayer and double labelling incubation was performed according to Hendriks et al. (12). The 
incorporated radioactivity was calculated as counts per minute per well and was expressed as 
relative incorporation. 
 
RESULTS AND DISCUSSION 
 

The results of relative incorporation of precursors after incubation with rSP-D and LPS are 
represented in the fig. 1 and 2 respectively. Relative incorporation of 14C-uridine, 35S-methionine 
and 3H-glucosamine decreases significantly with increasing concentration of endotoxin, where as 
there is little or no change in the relative incorporation of 14C-thymidine. None of the 
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concentrations of rSP-D in the range of 8ng/ml to 1000ng/ml seems to produce significant 
differences in the relative incorporation of radioactive precursors.  

 
Figure 1. Relative incorporation of 14C-thymidine, 14C-uridine, 35S-methionine and 3H-glucosamine (precursors for 
DNA, RNA, glycoprotein and protein synthesis) by differentiated Caco-2 cells following incubation with endotoxin. 
Data are represented as mean relative incorporation ± SEM. ** No value because of cell death. 
 
 

Figure 2. Relative incorporation of 14C-thymidine, 14C-uridine, 35S-methionine and 3H-glucosamine (precursors for 
DNA, RNA, glycoprotein and protein synthesis) by differentiated Caco-2 cells following incubation with rSP-D. Data 
are represented as mean relative incorporation ± SEM. 
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Premixing of rSP-D with the LPS of E. coli strains O55: B5 for one hour and subsequent 
incubation of Caco-2 cells indicate that rSP-D increases the cell survival and decreases the 
inhibitory effects induced by this LPS at higher concentrations (table 1). 
 
Table 1. Effect of one hour premixing of rSP-D and LPS on Caco-2 cell survival and incorporation of radioactive 
precursors. 
 

Conc. (per ml) of pre 
mixed rSP- D and LPS  

Cell 
Survival 
(wells) 

Average Counts per minute per well* 
Thymidine Uridine Methionine Glucosamine 

1 pg LPS 0/6 - - - - 
1 pg LPS+10 ng rSP-D 0/6 - - - - 

1 pg LPS+100 ng rSP-D 2/6 663 1565 130 45 
1 pg LPS+1000 ng rSP-D 5/6 876 2737 222 44 

 * Average counts shown were calculated from the wells having survived cells. 
 
 

In this study we used Caco-2 cells to study the effects of recombinant surfactant protein D 
and endotoxin on DNA, RNA and (glyco)protein synthesis.  

The intestinal epithelium serves as a critical barrier to lumenal bacteria and food antigens. 
Intestinal epithelial cells are active participants in the intestinal innate immune response. A broad 
spectrum of peptides has been described to play an essential role in regulating the intestinal 
immune system to balance the host mucosal defense system, tolerance for resident colonic micro-
organisms and repair of intestinal epithelial injury (13). Endotoxin, the bacterial Lipopolysaccharide 
(LPS) is a characteristic outer membrane entity of gram negative bacteria and a potent inducer of 
inflammatory responses. LPS is present in massive amounts in the intestine as liberated by the 
commensal gram negative bacteria. To maintain the tolerance to gram negative bacteria, the 
normal intestinal epithelium should be unresponsive or hyporesponsive to bacterial LPS. There is 
not much known about the effect of endotoxin on Caco-2 cells. The results of our study show that 
LPS decreases RNA and (glyco) protein synthesis in Caco-2 cells.  

In lungs LPS can induce lung injury leading to acute respiratory distress syndrome (ARDS). 
Surfactant replacement has been shown to improve the pulmonary function in ARDS, which 
displays the host defense capacities of the surfactant other than surface tension lowering activity 
(14). In lungs, it has been shown by Kuan et al (9) that SP-D interacts with LPS of various 
phenotypes. There is not much literature available for the functional significance of SP-D in the 
gastro intestinal tract. SP-D is related to the collectin family of proteins, which are components of 
the innate immune system. The major role of SP-D seems to be recognition of foreign 
carbohydrate structures expressed on the cell walls of microorganisms (6). SP-D may therefore be 
one of the first lines of defense in the gastric mucosa. Murray et al (8) have demonstrated the 
expression of SP-D in human gastric antral mucosa at both the mRNA and the protein levels. This 
study also showed that gastric epithelium is capable of high levels of SP-D expression in the context 

of H. pylori infection. Thus SP-D may play a role in gut host defense. To determine whether 
surfactant protein D could be involved in the protection from LPS induced inhibition of cellular 
metabolism, we examined the DNA, RNA and (glyco) protein synthesis in Caco-2 cells after 
incubation with rSP-D and LPS. LPS was present in the preparation at 331pg/microgram of rSP-D, 
which is high compared to the concentration of LPS, which produces negative effects on Caco-2 
cell metabolism. The results on Caco-2 cell metabolism indicate that rSP-D may bind to LPS and 
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thus prevents the binding of LPS to intestinal epithelium. In the in vivo situation SP-D may 
contribute to the inactivation of soluble LPS released by gram negative bacteria in the gut.  

We report a protective effect of rSP-D on the deleterious effects of E. coli (O55:B5) LPS in 
terms of less cell death and less decrease in the cell metabolism with increasing SP-D 
concentrations. Future studies are focused on the effects of LPS from other E. coli including BL21 
(DE3), although the active domain of the patho-physiological effect of LPS is very conserved in E. 
coli. We also plan to investigate the influence of SP-D on pathogen adhesion and invasion 
mechanism. 
 
REFERENCES 
 
1. Beatty WL and Sansonetti PJ. 1997. Role of lipopolysaccharide in signaling to subepithelial 

polymorphonuclear leukocytes. Infect. Immun. 65(11): 4395-404. 
2. Crouch EC. 1994. Molecular structure of pulmonary surfactant protein D (SP-D). J. Biol. Chem. 269: 

17311-17319. 
3. Holmskov U, Malhotra R, Sim RB, Jensenius JC. 1994. Collectins: collagenous C-type lectins of the 

innate immune defense system. Immunol. Today. 15(2): 67-74. 
4. Voorhout WF, Veenedaal T, Kuroki Y, Ogasawar Y, Van Golde LM, Geuze HJ. 1992. 

Immunocytochemical  localization of surfactant protein D in type II cells, clara cells and alveolar 
macrophages of rat lung. J. Histochem. Cytochem. 40: 1589-1597. 

5. Crouch EC 1998. Collectins and pulmonary host defense. Am. J. Resp. Cell Mol. Biol. 19: 177-201. 
6. Reid KB. 1998. Interactions of surfactant protein D with pathogens, allergens and phagocytes. Biochim. 

Biophys. Acta 1408:290-295 
7. Van Rozendaal BA, Van Golde LM, Haagsman HP. 2001. Localization and functions of SP-A and SP-

D at mucosal surfaces. Pediatr. Pathol. Mol. Med. 20(4): 319-339. 
8. Murray E, Khamri W, Walker MM, Eggleton P, Moran AP, Ferris JA, Knapp S, Karim QN, 

Worku M, Strong P, Reid KB, Thursz MR. 2002. Expression of surfactant protein D in the human 
gastric mucosa and during Helicobacter pylori infection. Infect. Immun. 70(3): 1481-7 

9. Kuan SF, Rust K, Crouch E 1992. Interactions of surfactant protein D with bacterial 
lipopolysaccharides. Surfactant protein D is an Escherichia coli-binding protein in bronchoalveolar lavage. J. 
Clin. Investig. 90:97-106.  

10. Pinto M, Robine-Leon S, Appay MD, Kedinger M, Triadou N, Dussaulx E, Lacorix B, Simon-
Assmann P, Haffan K, Fogh J, Zweibaum A. 1983. Enterocytes-like differentiation and polarization of 
the human colon carcinoma cell line Caco-2 in culture. Biol. Cell. 47: 323-330.   

11. Kishore, U, Wang, JY, Hoppe, HJ, Reid, KBM. 1996. The -helical neck region of human lung 
surfactant protein D is essential for the binding of the carbohydrate recognition domains to 
lipopolysaccharides and phospholipids. Biochem. J. 318:505-511 

12. Hendriks HG, Kik MJ, Koninkx JF, Van den Ingh TS, Mouwen JM. 1991. Binding of kidney bean 
(Phaseolus vulgaris) isolectins to differentiated human colon carcinoma Caco-2 cells and their effect on 
cellular metabolism. Gut 32(2): 196-201. 

13. Goke M, Podolsky DK. 1996. Regulation of the intestinal epithelium barrier. Bailliere's Clin. 
Gastroenterol. 10: 393.    

14. Pison U, Max M, Neuendank A, Weissbach S, Pietschmann S. 1994. Host defence capacities of 
pulmonary surfactant: evidence for `non-surfactant' functions of the surfactant system. Eur. J. Clin. Invest. 
24: 586-599. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


