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Introduction: Membrane-bound dipeptidyl peptidase 5 (DPP5) has been 

linked to tumor invasion and metastasis processes. Its recent isolation as a soluble 

protein from plasma may indicate a potential role as a biomarker and prognostic 

factor for tumors, and as a potential therapeutic target. This study aimed to 

measure the plasma levels of DPP5 and the related member of the family, DPP4, 

in healthy subjects and cancer patients, and to determine their clinical 

significance. 

Methods: Enzyme-linked immunosorbent assays (ELISAs) for measuring 

plasma DPP5 and DPP4 were developed and clinical correlations were made. 

Results: ELISAs were validated to be sensitive and specific. In the 747 

plasma samples studied, mean DPP5 and DPP4 levels were 0.51±0.30 and 

4.65±6.37 µg/mL, respectively. Plasma DPP5 levels were highly correlated with 

DPP4 levels. Plasma DPP5 and DPP4 levels were significantly lower in cancer 
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patients compared with healthy subjects (4.38 versus 5.65 µg/mL µg/mL, p<0.001 

for DPP4; 0.46 versus 0.66 µg/mL, p<0.001 for DPP5). DPP5 and DPP4 levels 

were higher in younger patients and those with earlier-stage cancers, but also in 

metastatic cancers; stage III cancer patients had the lowest plasma levels. Cancer 

patients with low DPP4 levels had shorter survival than those with higher DPP4 

levels (p=0.001). There was also a trend toward shorter survival in cancer patients 

with low DPP5 levels in various cancer types, with the exception of colorectal 

cancers. An in vitro model indicated that approximately 80% of DPP5 released 

from the cells into conditioned medium is free (not associated with membranes), 

and serine protease inhibitors interfere with release of DPP5 into medium.    

Conclusions: This study demonstrates that plasma DPP5 and DPP4 levels 

are reproducible parameters to correlate with disease status, with lower levels 

noted in cancer patients compared with healthy subjects; but higher levels in 

metastatic cancers compared with non-metastatic cancers. These findings support 

a prognostic role for plasma DPP5 and DPP4 levels and they should be 

considered in attempts to use DPP5 as a therapeutic target to hinder cancer 

progression. An explanation of low levels of plasma DPP5 in cancer despite 

previously-reported high level of local expression remains to be determined. 
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BACKGROUND 

 

 

 

Human dipeptidyl prolyl peptidase 5 (DPP5; Seprase; fibroblast activation 

protein [FAP]; Gene ID: 2191, accession number: NP_004451; protein accession 

number: Q12884, gi:160113236) was first identified as a 170 kDa homodimeric 

membrane-bound glycoprotein consisting of two 97 kDa subunits. DPP5 and the 

other well-known member of the dipeptidyl prolyl peptidase (DPP) family, DPP4 

(CD26), are type II transmembrane serine proteases. DPP5 possesses dipeptidyl 

dipeptidase and gelatinase activities. (Henry et al., 2007; Busek et al., 2008; 

Havre et al., 2008; O'Brien and O'Connor, 2008) (Figure 1). Both proteases share 

nearly identical domain structures and catalytic sites; DPP5 and DPP4 share 50% 

overall amino acid sequence homology and 70% amino acid sequence homology 

in the catalytic domain (Goldstein et al., 1997). The corresponding genes share 

63% identity and they are both located on chromosome 2 with less than 100 kb 

distance from each other, suggestive of a gene duplication event. DPP4 and DPP5 

are known to form a hetero-oligomer in a proteolytic complex on cell membranes, 

which plays a role in the invasion of cells in collagenous matrices (Ghersi et al., 

2002; Ghersi et al., 2006; Chen et al., 2003; Ghersi et al., 2003).  

 

 

 

 

H2N————————————————————————————COOH 

 

  

 

Figure 1- Domain structure of DPP5. A single 97-kDa subunit is 
depicted. GWSYG is the serine protease motif. The a.a. residues Ser624, 
Asp702, and His734 form the catalytic site of the protease, which is active in 
homodimeric form of DPP5. Sizes of the boxes are not proportional to the 
actual length of the domains (Modified from: (Chen and Kelly, 2003)).    
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Physiologic function(s) and substrate(s) of DPP5 have remained mostly 

elusive. Its gelatinase activity suggests a role in tissue remodeling and invasion. 

DPP5 is able to cleave gelatin and human collagen type I (but unable to cleave 

human fibronectin, laminin, or collagen type IV) in zymography experiments 

(Pineiro-Sanchez et al., 1997). Another study has shown that DPP5 works 

together with other proteases (namely MMP-1) to cleave partially degraded or 

denatured collagen I and III as ECM is invaded (Christiansen et al., 2007). The 

DPP activity has been more widely studied, since it is the defining feature of the 

members of this family including DPP4, DPP2, DPP7, DPP8 and DPP9 (Kelly, 

2005). These enzymes are all capable of cleaving N-terminus peptides with 

proline as the penultimate amino acid (Park et al., 1999).  

DPP5 expression has been detected in the human malignant melanoma 

LOX tumor cells (especially localized on the invadopodia) (Monsky et al., 1994; 

Aoyama and Chen, 1990) as well as numerous other malignant tumors (mainly 

carcinomas, localized to the tumor cells as well as the reactive stroma/fibroblasts) 

and during embryogenesis and wound healing (Scanlan et al., 1994; Park et al., 

1999). Tumors with high DPP5 expression include lung, breast, colorectal, 

gastric, ovarian, head and neck, bladder, skin and pancreatic tumors as well as 

some soft-tissue tumors and sarcomas (Dolznig et al., 2005; Kennedy et al., 2009; 

Dohi et al., 2009; Zhi et al., 2010). It has been suggested that while some 

epithelial tumor cells express low levels of DPP5 per se, they can be induced to 

express much higher levels of DPP5 (Kennedy et al., 2009). DPP5 expression has 

been identified in other contexts including chronic liver disease and arthritis 

(Wang et al., 2008; Bauer et al., 2006; Milner et al., 2006) as well as bone marrow 

mesenchymal stromal cells (Monsky et al., 1994; Bae et al., 2008).  

An increasing body of evidence suggests that membrane-bound DPP5 

expression in various solid tumors is associated with an invasive phenotype and 

poor prognosis (Henry et al., 2007; Cohen et al., 2008; Kennedy et al., 2009; 

Okada et al., 2003; Iwasa et al., 2005; Garin-Chesa et al., 1990; Zhang et al., 

2007; Chen, 2003; Kelly, 2005; Monsky et al., 1994; Wolf et al., 2008; O'Brien 

and O'Connor, 2008), making DPP5 an attractive subject for study of tumor cell 
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invasion, as an antigen for tumor imaging, and as a potential therapeutic target 

(Pure, 2009). In gastric cancer, stromal expression of DPP5 was more abundant in 

intestinal type versus the diffuse type and it correlated with liver or lymph node 

metastasis (Okada et al., 2003). In an animal model of breast cancer, it was noted 

that engineered expression of DPP5 resulted in fast growing and highly vascular 

tumors (Huang et al., 2004). Similar findings were observed in an ovarian cancer 

cell line (Chen et al., 2009). Alternatively, it has been shown in our lab that 

abolishing DPP5 expression in LOX melanoma cells would result in significantly 

less aggressive and metastatic behavior of tumors in an animal model (Donghai 

Chen, unpublished data). Similarly, targeting DPP5 through genetic deletion or 

pharmacologic agents is shown to inhibit tumor stromagenesis and growth in a 

mouse model (Santos et al., 2009).    

In colorectal cancer, it was shown that there was a significant correlation 

between DPP5 expression and lymph node involvement (Iwasa et al., 2005). 

Another study on primary colon cancer reported that tumor stromal DPP5 staining 

was higher in earlier stage tumors suggestive of a more prominent role in early 

development of tumors. However, greater stromal DPP5 staining in patients with 

known metastatic disease was associated with decreased survival (Henry et al., 

2007). Another study has suggested that DPP5 expression can promote survival of 

primary myeloma plasma cells (Ge et al., 2006). More recently, it has been shown 

that increased stromal expression of DPP5 in esophageal adenocarcinoma patients 

is associated with worse outcome (Saadi et al., 2010). 

It has been proposed that tumor-associated expression of DPP5 can be 

exploited as a potential diagnostic and therapeutic tool (Pure, 2009). Welt et al. 

(Welt et al., 1994) initially described the possible diagnostic and therapeutic use 

of humanized monoclonal antibodies directed against DPP5. Additional 

preclinical studies (Ostermann et al., 2008) and small phase 1 and phase 2 clinical 

trials using monoclonal antibodies against DPP5 had initial promising results 

(Scott et al., 2003). Administration of the small-molecule inhibitor of DPP5, Val-

boro-Pro (Talabostat), resulted in minimal clinical effect in patients with 

previously treated metastatic colorectal cancer. However, incomplete inhibition of 
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DPP5 enzymatic activity in the peripheral blood was observed, and suggested as a 

possible explanation of the observed limited clinical effectiveness (Narra et al., 

2007). In another study, DPP5-selective peptide protoxins were constructed and it 

was shown that their direct injection into human breast and prostate xenograft 

tumors in animal models resulted in significant lysis and growth inhibition of 

tumors with minimal toxicity to the host animal (Lebeau et al., 2009). Finally, use 

of DPP5-specific antibodies to coat nanoparticles containing tumor necrosis factor 

in order to target them specifically to DPP5-expressing tumors has been under 

investigation (Messerschmidt et al., 2009). 

While the studies described above mostly focus on DPP5 as a membrane-

bound protein, a soluble form of DPP5 has been identified in bovine plasma, 

which appears to be present in physiologic condition (Collins et al., 2004). More 

recently, presence of DPP5 in human plasma under physiologic conditions with 

potential role in coagulation has also been confirmed and described as 

antiplasmin-cleaving enzyme (APCE) (Lee et al., 2006). These findings suggest 

another possible mechanism for incomplete inhibition of DPP5 enzymatic activity 

in patients observed in clinical studies (Narra et al., 2007), since the presence of 

free DPP5 in the circulation is expected to compete with tumor-associated DPP5 

for the inhibitor. As such, soluble DPP5 should be considered when designing 

DPP5-specific anti-tumor therapies.  

Shedding and secretion of DPP5 from cells into a soluble form have been 

described. The origin of the soluble DPP5 in plasma remains unknown. It has 

been reported that a recombinant soluble form of DPP5 (lacking the 

transmembrane domain) undergoes successive N-terminus proteolytic cleavage in 

culture medium from the initial 160 kDa dimer to dimers of 100 to 85 kDa and 70 

to 50 kDa with increased gelatinase activity (possibly as a result of decreased 

steric hindrance). This truncation is inhibited in the presence of EDTA, suggestive 

of involvement of metalloproteases (Chen et al., 2006). It is not known if a similar 

mechanism is involved in release of membrane-bound DPP5 into extracellular 

space. N-terminal amino acid sequencing has not been performed on soluble 

DPP5 yet, but given the position of the transmembrane domain of the protein 
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(amino acid 7-26), and the homology with DPP4 (see below), if proteolytic 

release is involved, it is likely that the cleavage occurs in or beyond the stalk 

region (i.e. beyond 26th amino acid). 

Analysis of DPP5 amino acid sequence by the PSORT II program 

(available at http://psort.ims.u-tokyo.ac.jp/) confirms that DPP5 has a type II 

transmembrane topology with a short cytoplasmic N-terminus. However, there are 

no predicted signal peptides, cleavage sites for mitochondrial presequence, 

nuclear localization signal, endoplasmic reticulum (ER) retention motif, ER 

membrane retention signal, peroxisomal targeting signal, vacuolar targeting motif, 

RNA-binding motif, DNA-binding motif, actinin-type actin-binding motif, N-

myristoylation pattern, farnesylation/geranylgeranylation motif, transport motif 

from cell surface to golgi, or ribosomal protein motifs. Additionally, alternative 

splicing of mRNA (to produce putative secretory isoforms of DPP5) does not 

seem to be a likely mechanism for DPP5 release either, as the identified 

alternatively spliced form of DPP5 mRNA lacks most of the N-terminus 

sequences (including the transmembrane domain) and based on sequence analysis 

and other data, it seems to be confined to within the cytoplasm (Goldstein and 

Chen, 2000). Of note, available DPP5 monoclonal antibodies do not detect this 

form. No alternative splicing has been reported for DPP4 mRNA (Goldstein and 

Chen, 2000). Based on all above, proteolytic release and shedding of DPP5 from 

membrane appears to be a plausible mechanism.   

Unlike DPP5, DPP4 has been extensively studied. It is a multifunctional 

protein which (similar to DPP5) exists in both membrane-bound and soluble 

forms. DPP4 is constitutively expressed in many tissues and it is present on 

surface of most cell types as well is in most body fluids (including plasma) in 

relatively high concentrations (Havre et al., 2008). The plasma level of DPP4 

varies in different reports, and the reported mean (or median) values, measured by 

enzyme-linked immunosorbent assay (ELISA) in various healthy or patient 

populations range from 0.1 to 16 μg/mL (with a midpoint plasma concentration of 

around 7 μg/mL in healthy humans; level in women being lower than men) 

(Gorrell et al., 2001; Cordero et al., 2009). Despite extensive research, the source 
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of soluble DPP4 in plasma is not fully understood. Hepatobiliary system is the 

most often cited tissue source, followed by immune system (e.g. shed from T 

lymphocytes) and spleen (Cordero et al., 2009). Proteolytic cleavage and 

shedding of the membrane-bound form of DPP4 from the plasma membrane of 

DPP4-expressing cells that are in contact with blood is the commonly accepted 

mechanism of its release into circulation (Iwaki-Egawa et al., 1998; Cordero et 

al., 2009). The proteolytic cleavage is believed to take place between the 38th and 

39th amino acid of the N-terminus end of the membrane-bound form (Iwaki-

Egawa et al., 1998). 

 DPP4 has been used as a tumor marker and its level (either the 

membrane-bound or plasma circulating form) has been found to be correlated 

with various tumor types, with varying degree of clinical significance. The 

membrane-bound form has been reported to be increased in certain tumors (e.g. 

mesotheliomas and renal carcinomas) and decreased in some other tumors (e.g. 

breast cancers, endometrial cancers, melanomas and oral cancers). Its level is 

found to be variable in colorectal, lung, prostate and ovarian carcinomas, gliomas 

and hematological malignancies, with mixed reports on its association with tumor 

invasiveness (Havre et al., 2008).  

With regards to the plasma DPP4, some studies have looked at the 

antigenic concentration (as measured by ELISA), and some have measured the 

DPP activity, with the former being generally considered as the more accurate and 

reliable method. Overall, data indicate that low levels of plasma DPP4 are 

generally associated with impaired immune status, while increased levels are 

more often encountered in conditions associated with activation of immune 

system (e.g. inflammation and infections). DPP4 ELISA measurement data in 

cancer patients are limited, and available reports indicate increased level in oral 

squamous cell carcinoma (SCC), decreased levels in colorectal cancers, and 

unchanged levels in gastric cancers, compared with healthy individuals (Cordero 

et al., 2009). Data on plasma DPP4 enzymatic activity (more precisely, DPP 

activity) in cancer patients are more extensive, and indicate increased DPP 

activity in hepatocellular, biliary tract, gastric and hematologic cancers, decreased 
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activity in pancreatic cancer and oral SCC, and variable levels of activity in 

gastric cancers (Cordero et al., 2009). It has been suggested that the apparent 

discrepancies between the antigenic and activity measurements in some cancers 

may be due to altered immunorecognition as a result of glycosylation patterns, 

presence of activators, and presence of other molecules with DPP activity in 

plasma. Notably, some 10% of the DPP activity in plasma cannot be accounted 

for by the presence of DPP4 alone (Cordero et al., 2009). As mentioned earlier, 

DPP5 possesses DPP activity, and it may play a role here.  

The explanation behind fluctuation of DPP4 level in plasma in various 

cancers is lacking. Given the evidence suggesting hepatobiliary system and 

immune cells as the primary physiologic sources of plasma DPP4, increased 

plasma DPP4 levels in tumors arising from these tissues is expected. It has been 

suggested that some other tumors may actively cause the soluble DPP4 level to 

drop (e.g. through secreting immunosuppressive factors such as TGF-β1 which 

can down-regulate DPP4 expression in many immune cells) and thereby 

undermine the immune response against them. Conversely, higher than normal 

levels of soluble DPP4 has been reported in patients with advanced and metastatic 

cancers (Cordero et al., 2009).          

To date, the source of soluble DPP5 is undetermined and there has been no 

study examining the clinical utility of measuring plasma level of DPP5 and to 

correlate that with plasma DPP4 level in patients with cancer. This study was 

conducted to develop immunologic assays for measurement of DPP5 and DPP4 in 

plasma and to assess the levels of these peptidases in patients with various forms 

of cancer as compared with healthy subjects, as well as their association with 

patient characteristics, tumor characteristics, and survival. Finally, role of 

proteases in releasing DPP5 from cell membrane was investigated.  
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SPECIFIC AIMS AND HYPOTHESES 

 

 

 

1. Is level of soluble DPP5 in plasma correlated with age, gender and 

health status (healthy versus having cancer)?  

Although membrane-bound DPP5 has been found in many tumors, the 

plasma level of the soluble form of DPP5 in healthy individuals and cancer 

patients and its correlation with patient characteristics are unknown.  

Hypothesis: Plasma DPP5 level is different among healthy individuals and 

cancer patients, within various cancer types, and among male and female subjects.  

Experiment: Level of DPP5 is measured by ELISA in plasma samples of 

healthy individuals and cancer patients and its association with age, gender, health 

status and cancer type is analyzed.   

 

2. Is the level of plasma DPP5 correlated with the level of plasma 

DPP4? 

DPP4 has been shown to be associated with DPP5 on cell surface, but it is 

not clear if the levels of the two in plasma are also related. Measurement of DPP4 

can also provide an internal control for the specificity of the methods.  

Hypothesis: Level of plasma DPP5 is correlated with the level of plasma 

DPP4 in healthy individuals and cancer patients.   

Experiment: Level of DPP4 is measured by ELISA in same plasma 

samples used in Specific Aims 2 and 3, and its correlation with DPP5 levels and 

clinical parameters, as well as its effects on survival will be analyzed.   

 

3. Is level of soluble DPP5 in plasma associated with tumor stage and 

survival of cancer patients?  

Membrane-bound DPP5 in tumors has been linked to prognosis in a 

number of cancers, but it is not clear if the level of plasma DPP5 is associated 

with cancer stage and patient survival.  
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Hypothesis: Patients with higher level of soluble DPP5 in plasma have 

higher stage cancer and worse prognosis. 

Experiment: Association of the level of DPP5 in plasma of cancer patients 

with the tumor stage as a general prognostic factor will be analyzed. Furthermore, 

association between plasma DPP5 level and survival will be studied.  

 

4. Is membrane-bound DPP5 proteolytically cleaved and released as a 

soluble form? 

DPP5 is an integral membrane protein and it lacks secretory signal 

peptides. The source of plasma DPP5 is not known. Evidence suggests that the 

other member of DPP family, DPP4, is proteolytically cleaved from cell 

membrane and released into blood. It has also been shown that recombinant 

soluble DPP5 undergoes proteolytic truncation from N-terminus and this 

truncation is inhibited by EDTA, suggestive of possible role of metalloproteases.  

Hypothesis: Inhibition of proteases inhibits shedding of membrane-bound 

DPP5 into medium. 

Experiment: Following establishing that DPP5 is released into culture 

medium from a DPP5-expressing cell line model, the presence of soluble DPP5 in 

serum-free media and the effect of inhibitors of major proteases on the level of 

soluble DPP5 in the serum-free medium conditioned by the cells will be measured 

using ELISA. This experiment will examine if inhibition of any group of enzymes 

would inhibit the release of DPP5 from membrane. Finally, the cell-conditioned 

medium will be ultracentrifuged to remove shed membrane vesicles and the 

supernatant will be tested by ELISA as a control for trapping of DPP5 in shed 

membrane vesicles.   
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MATERIALS AND METHODS 

 

 

 

- Human Samples: 

Plasma samples used in this study were procured from consenting adult 

volunteers under a Stony Brook University IRB-approved protocol (“Early 

Carcinoma Antigens” study, protocol number 20073696). Participants consisted 

of healthy individuals and patients newly diagnosed with various malignancies at 

Stony Brook University Cancer Center (Stony Brook, NY) and Veteran 

Administration Medical Center (Northport, NY). Venous blood for this study was 

collected prior to surgery and chemo/radiotherapy. A limited number of subjects 

had subsequent second blood-draw(s) following surgery and during 

chemo/radiotherapy. In each case, approximately 5 mL blood was drawn into BD 

green-capped Vacutainer® heparin tubes containing 76 IU lithium heparin. 

Samples were centrifuged at 1,000 rpm for 3 minutes; plasma was removed, 

aliquoted and stored at -80ºC until used. The follow-up duration spanned from the 

time of cancer diagnosis (which was usually within a few days of obtaining the 

blood sample) to the last visit or time of death.  

Presence of DPP5 in human plasma was documented using Western 

blotting of boiled, cleared diluted human plasma run on SDS-PAGE. The 

identified bands corresponded to ~97, ~65, ~35, and ~25 KDa DPP5 monomer 

bands previously reported in LOX tumor tissue lysates from a xenograft model 

(Chen et al., 2006), but also, ~50 and ~130 KDa bands (possibly dimers of 25 and 

65 KDa monomers) were observed (Figure 2).    

 

 

Figure 2- Western blot of DPP5 in human plasma. Boiled, cleared 
diluted human plasma was run on SDS-PAGE, blotted, and visualized 
using E97 mAb. Numbers represent marker bands (KDa).  
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- Production and Purification of Recombinant Soluble DPP5 and DPP4: 

HEK293 cells were transfected with a modified pCEP4 vector harboring 

DPP5 sequence without the transmembrane domain and with an N-terminus 

mouse Igκ secretion signal and a C-terminus V5-His tag. Cells were maintained 

in complete medium (DMEM, 10% fetal bovine serum [FBS], 2 mM L-

glutamine, 100 U/mL penicillin and 100 mg/mL streptomycin) and selected 

initially by adding G418 (250 μg/mL) and Hygromycin B (200 μg/mL), as 

previously described (Chen et al., 2006). Drug-resistant colonies were further 

screened for secretion of recombinant soluble DPP5 (rDPP5) into medium by an 

antibody-capture enzymatic assay, serially testing for DPP and gelatinase 

activities, as previously described (Chen et al., 2006). The colonies with highest 

expression of rDPP5 were identified and cultured in serum-free medium 

(SFM4HEK, Hyclone) to produce high levels of rDPP5. Conditioned culture 

medium was tested for presence of DPP5 both enzymatically (as mentioned 

above) and by western blot. The final medium was preserved by addition of 

EDTA to a final concentration of 5 mM to suppress further proteolysis of DPP5 

by metalloproteases.  

The conditioned culture medium was cleared, and proteins were 

precipitated by addition of ammonium sulfate, which were resuspended in PBS 

with 5mM EDTA. Following additional buffer exchange with PBS with 5 mM 

EDTA to remove the remaining ammonium sulfate, rDPP5 was purified using a 

His-tag purification column. Purity of recombinant protein was verified using 

SDS-PAGE and the protein was confirmed to be rDPP5 using Western immuno-

blotting and antibody-capture enzymatic assays for dipeptidyl peptidase and 

gelatinase activities (Figure 3). The purity and concentration of rDPP5 was 

verified and assessed using SDS-PAGE (Figure 4). Glycerol to final volume of 

50% was added to the purified rDPP5 samples and they were stored at -80ºC 

until used. Similar process was used to produce and purify recombinant DPP4 

(rDPP4). 



12 
 

 

 
 

 

 

 

Figure 4- Purity and concentration of rDPP5. Eluted samples from His-
Trap column were run on SDS-PAGE. Lanes: 1, marker; 2-6, His-Trap-
purified rDPP5 samples; 7-9, BSA and EGFP standards. Based on the
standards and using Imagequant TL (GE Healthcare), the concentrations
of rDPP5 in the samples (lanes 2-6) were estimated to be 0.048, 0.028,
0.026, 0.068, and 0.076 mg/mL, respectively.  

Figure 3- Purification of rDPP5. Western blot using anti-DPP5 mAb E97
is shown. The sample used was prepared from desalting ammonium
sulfate precipitated serum-free medium conditioned by HEK293 cells
transfected with an rDPP5-expressing vector. Lanes: 1, marker; 2,
desalted sample prior to loading into His-Trap column; 3, the flow-through
from His-trap column after loading the sample; 4, wash flow-through using
0.5M NaCl, 5mM imidazole in 20mM Tric-HCl pH 7.9; 5-7, subsequent
wash flow-through using 0.5M NaCl, 60mM imidazole in 20mM Tric-HCl,
pH 7.9; 8-10, elution using 0.5M NaCl, 1M imidazole in 20mM Tris-HCl pH
7.9. Overexposure in lanes 8-10 is indicative of rDPP5 enrichment.     
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- DPP5 and DPP4 ELISA: 

An ELISA to measure DPP5 and DPP4 in plasma was developed. Various 

mAb combinations (all previously validated to be specific for their respective 

target proteins (Chen et al., 2006)) were tested to determine the best pair to yield a 

sensitive and specific assay. The final ELISA reagents and protocol used in this 

study are as follow: 

 

- PBST 20X: NaCl (160 g), KCl (4 g), Na2HPO4 (28.8 g), KH2PO4 (4.8 g), 

Tween 20 (10 mL) were mixed in dH20 and final volume was adjusted to 1000 

mL with dH2O. 

 

- Assay Buffer: EDTA (1.86 g) and BSA (10 g) were added to PBST 1X, 

total volume was adjusted to 500 mL, and stored at 4°C. 

 

- DPP5 Standard Stock (SSS; 0.38 µg/mL): Using purified rDPP5, batch-1 

(48 µg/mL, >90% purity), 8 µL of purified rDPP5 was added to 492 µL Assay 

Buffer and mixed. Glycerol (500 µL) was added, mixed and stored at -20°C. 

Alternatively, using purified rDPP5, batch-5 (76 µg/mL, >95% purity): 5 µL of 

purified rDPP5 was added to 495 µL Assay Buffer and mixed. Glycerol (500 µL) 

was added, mixed and store at -20°C. 

 

- DPP4 Standard Stock (DSS; 3.84 µg/mL): Using purified rDPP4, batch 2 

(24 µg/mL, >99% purity), 160 µL of purified rDPP4 was added to 340 µL Assay 

Buffer and mixed. Glycerol (500 µL) was added, mixed and stored at -20°C. 

 

- ELISA Protocol: The protocol was optimized to simultaneously measure 

DPP4 and DPP5 from up to 8 different plasma samples in triplicate on each single 

plate. Microtiter U-bottom 96-well plates (Dynex Technologies) were used. 

Template for the ELISA plate is depicted in Figure 5. The following steps were 

performed:  
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1. The 96-well plate was coated with 100 µL of 10 µg/mL purified rat 

anti-human-DPP5 mAb (D28) or rat anti-human-DPP4 mAb (E26) in PBS 

overnight at 4°C. 

2. The plate was emptied and washed 3 times with PBST. 

3. The plate was blocked with addition of 200 µL of Assay Buffer, 

and incubated for 2 hours at ambient temperature. 

4. For each plate…  

• Samples (n=8, 0.1% plasma): 

i. Each sample was completely thawed and mixed. 

ii. 20 µL of each sample was added to 980 µL Assay 

Buffer and mixed (2% plasma). 

iii. 16 microtubes (8 for DPP5, 8 for DPP4; 2 for each 

sample) were labeled and 180 µL Assay Buffer was 

added to each. 

iv. 20 µL of each 2% sample was added to the 

corresponding labeled microtube and mixed (0.2% 

plasma). 

v. The remaining 2% plasma samples were saved and 

stored at -20°C for future use.  

• DPP5 standards (n=8; from 3.8 ng/mL to 60 pg/mL and 0): 

i. 8 µL of SSS was added to 392 µL Assay Buffer 

and mixed (S1). 

ii. 200 µL Assay Buffer was added to 7 other 

microtubes (S2-S8). 

iii. Two-fold serial dilutions were made by transferring 

200 µL from S1 to S2 down to S7, each step with 

adequate mixing; the last 200 µL was discarded 

from S7. 

iv. Nothing was added to Assay Buffer in S8 (negative 

control). 
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• DPP4 standards (n=8; from 38.4 ng/mL to 0.6 ng/mL and 

0): 

i. 8 µL of SSD was added to 392 µL Assay Buffer 

and mix (D1). 

ii. 200 µL Assay Buffer was added to 7 other 

microtubes (D2-D8). 

iii. Two-fold serial dilutions were made by transferring 

200 µL from D1 to D2 down to D7, each step with 

adequate mixing; the last 200 µL was discarded 

from D7. 

iv. Nothing was added to Assay Buffer in D8 

(negative control). 

5. 3.5 mL of the 2 µg/mL digoxigenin-conjugated rat anti-human-

DPP5 mAb D8 and 3.5 mL of digoxigenin-conjugated rat anti-human-

DPP4 mAb E3 in Assay Buffer were prepared. 200 µL of D8 solution was 

added to each DPP5 microtube; 200 µL of E3 solution was added to each 

DPP4 microtube and mixed (total volume of each microtube = 0.4 mL). 

6. Microtubes were incubated for 1 hour on a shaker at ambient 

temperature. 

7. The Assay Buffer was discarded from the plate and it was washed 

3 times with PBST. 

8. From each microtube, 300 µL was transferred to 3 adjacent wells 

(100 µL per well) as per the plate template (Figure 5). 

9. The plate was incubated for 1 hour on a shaker at ambient 

temperature. 

10. The wells’ contents were discarded and the wells were washed 5 

times with PBST. 

11. 11 mL of 50 mU/mL anti-Digoxigenin-POD poly Fab fragment 

(Roche) in Assay Buffer was prepared; 100 µL was added to each well. 

12. The plate was incubated for 1 hour on a shaker at ambient 

temperature. 



16 
 

13. 11 mL of TMB liquid substrate for ELISA (Sigma) was poured 

into a tube, covered with foil and left at room temperature to equilibrate 

with ambient temperature. 

14. The wells’ contents were discarded and the wells were washed 10 

times with PBST. 

15. 100 µL of TMB substrate was added to each well, and the color 

reaction was monitored under dimmed light (usually for ~4 minutes); this 

step was not done on a shaker. 

16. The reaction was stopped by adding 100 µL of 2N HCl to each 

well. The wells were mixed and any air bubbles were removed. 

17. The plate was read using a Microplate Spectrophotometer System 

(Molecular Devices), at 450 and 570 nm, and the optical density 

(absorbance) at 570 nm was subtracted from 450 readings. 

 

 

 

Figure 5- ELISA plate template. Microtiter U-bottom 96-well plates
(Dynex Technologies) were used. 
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Results of each sample were considered acceptable if they met the 

following criteria: 

- Coefficient of Variation (CV) among the triplicates less than 10%; 

- Measurement within the linear standard range; and 

- R2 of the standard curve regression line of the plate at least 0.95 

CV was used as a normalized measure of dispersion of the individual 

readings in triplicate wells and it was calculated by dividing the standard 

deviation (SD) of the individual readings in a triplicate by the mean of the 

readings multiplied by 100.  

The performance of the developed DPP5 and DPP4 ELISAs was verified. 

Using serial dilutions of recombinant proteins, the lowest detection level of DPP5 

assay was estimated to be 60 pg/mL. At this concentration, assay reading was 

greater than negative control by 2 SD in 90% of measurements. Given this 

observation and linear range of the measurements, DPP5 standards for the assays 

were prepared to be in the range of 0.06-1.9 μg/mL (Figure 6). Likewise, the 

lowest detection limit of DPP4 assay was estimated to be at least 600 pg/mL. At 

this concentration, assay reading was greater than negative control by 2 SD in 

100% of measurements. The DPP4 standards were prepared to be in the range of 

0.6-19.2 μg/mL (Figure 7). Any readings not falling in these ranges were 

considered to be unacceptable and assays were repeated at a different dilution. 

 

 

Figure 6- DPP5 ELISA standard curve. Assay reading (in terms of 
optical density [OD] at 450 nm minus 570 nm) using serial dilutions of 
rDPP5. Error bars represent SD. 
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The specificity of the monoclonal antibodies used in developing these 

assays has been previously documented (Chen et al., 2006). Furthermore, the 

assays were specific for the target protein as indicated by the following:  

1) The readings of the DPP5 assay were indistinguishable from the 

negative control when various concentrations of purified rDPP4 were 

used as the sample. Likewise, the DPP4 assay did not show any cross-

reactivity with rDPP5;  

2) The assays showed no cross-reactivity with bovine DPP5 and DPP4 

(as tested with various concentrations of bovine serum, previously 

reported to contain DPP5 and DPP4 (Collins et al., 2004)); and 

3) The assays showed no cross-reactivity with other proteins including 

non-specific immunoglobulins from rat, bovine or human sources, as 

well as human plasma samples depleted of the target proteins (DPP4 

or DPP5) by using antibody-coated beads.  

Following addition of a known amount of rDPP5 to plasma samples, on 

average, 90.7% of the spiked rDPP5 was recovered in the assay, and the measured 

DPP4 level changed only 0.6%. Conversely, following addition of a known 

amount of rDPP4 to plasma samples, only 51.8% of the spiked r-DPP4 was 

recovered in the assay. The measured DPP5 changed only 3.8% (Figure 8).  

Figure 7- DPP4 ELISA standard curve. Assay reading (in terms of 
optical density [OD] at 450 nm minus 570 nm) using serial dilutions of 
rDPP4. Error bars represent SD. 



19 
 

 

 
 

- Proteolytic Release of Membrane-bound DPP5: 

Human tumor cell lines that natively express membrane-bound DPP5 were 

cultured in regular as well as serum-free medium and presence of DPP5 in their 

conditioned medium was assessed using ELISA. Initial tests revealed that DPP5 

was present in the conditioned medium of LOX melanoma cell line (known to 

constitutively express high levels of membrane-bound DPP5 (Goldstein et al., 

1997; Pineiro-Sanchez et al., 1997)). The subsequent experiments focused on 

LOX cell line, as well as DPP5 knocked-down LOX variants previously created 

(Chen et al., 2006).  

LOX cells were cultured to near confluence in regular medium, and 

viability was confirmed to be near 100% using Trypan blue dye exclusion test. 

The conditioned medium was used to test whether the DPP5 is free in medium, or 

associated with membranes (e.g. vesicles shed from the cells). Conditioned 

medium (20 mL) was filtered and ultracentrifuged at 105,000 × g at 4°C for 90 

minutes to pellet the vesicles as previously described (Taverna et al., 2003). The 

unconditioned medium, unprocessed conditioned medium, supernatant, as well as 

the pellet (resuspended in 0.5 mL unconditioned medium with 1% n-octyl p-D-

glucopyranoside [OG]) were used for ELISA measurement of DPP5. In all 

Figure 8- rDPP4/rDPP5 spiking in plasma. Levels of DPP4 and DPP5 
in human plasma samples were measured using ELISA (“Baseline”) and 
known amounts of r-DPP4 or r-DPP5 were added to plasma samples 
(“Spiked”). The new levels of DPP4 and DPP5 following addition of 
recombinant proteins were measured using ELISA (“Final”). Values are 
presented by the height (or area) of the bars.   
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experiments and based on previous reports (Chen et al., 2006), EDTA to a final 

concentration of 5 mmol/L was added to samples immediately after removal from 

cell cultures to inhibit further proteolytic truncation of DPP5. 

 

 

Inhibitor Name Target of Inhibitor Activity Final 
Concentration 

Solvent 
Used 

Cell 
Toxicity

α2-Macroglobulin Ser/Cys/Asp/Metalloproteases 0.22 mg/mL PBS None 

AEBSF Serine protease 0.06 mg/mL PBS None 

Antipain Serine/Cysteine and some 
trypsin-like serine proteases 

0.25 mg/mL PBS None 

Aprotinin Serine proteases 0.2 mg/mL PBS None 

Benzamidine Trypsin; Serine proteases 0.31 mg/mL PBS None 

Bestatin Leucine aminopeptidase, 
aminopeptidase B and 
triamino peptidase 

13.8 μg/mL PBS None 

Chymostatin Wide-range 0.2 mg/mL DMSO None 

E64 Cysteine proteases 36 μg/mL PBS None 

EACA Chymotrypsin, FVIIa, Lysine 
carboxypeptidase, plasmin, 
plasminogen activator 

0.5 mg/mL PBS None 

EDTA Metalloproteases 1 mM DMEM None 

GM6001 MMPs 9.7 μg/mL DMSO None 

Leupeptin Ser/Cysteine proteases 0.24 mg/mL PBS None 

NEM Cystein proteases 0.125 mg/mL Ethanol None 

Pepstatin Aspartyl proteases 20.6 μg/mL Ethanol None 

Phosphoramidon Bacterial metalloproteases 5.4 μg/mL PBS None 

Trypsin inhibitor 
(Soybean) 

Trypsin,  
chymotrypsin/plasmin 

0.1 mg/mL PBS None 

Table 1- Protease inhibitors. Various Protease inhibitors were studied
for their effect on release of DPP5 from cells into culture medium.
Inhibitors (Sigma product code INHIB1) against four group of proteases
(Aspartyl proteases, Cysteine  proteases, Metalloproteases, and Serine
proteases) were utilized (Ghersi et al., 2002; Ghersi et al., 2006; Chen et
al., 1984). For each inhibitor, concentrated solution was prepared in the
appropriate solvent and added to respective wells (1mL total volume per
well) to acheive the indicated final concetration. Same volumes of various
solvents without inhibitors were used as controls.    
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To study the effect of various protease inhibitors on release of DPP5 from 

cells, LOX cells were cultured in serum-free DMEM medium to near confluence, 

washed and resuspended using trypsin or PBS (without trypsin). In experiments 

using trypsin, complete medium was added to stop trypsin action. Cells were 

washed 3 times using serum-free medium. Near-100% viability was confirmed in 

an aliquot of the resuspended cells using Trypan blue dye exclusion test. 

Suspended cells were transferred to 24-well plates (10,000 cells in total volume of 

1 mL per well), and various protease inhibitors (Sigma; Table 1) were 

immediately added to the cells. The cells were placed in incubator and 

conditioned medium was sampled from each well at 3 and 6 hours and tested for 

the level of DPP5 using ELISA. Following second sampling of the medium, all 

wells were assessed for cell viability using Trypan blue exclusion test. 

Immediately after each sampling of conditioned medium, EDTA (dissolved in 

serum-free DMEM) was added to each sample to give a final concentration of 5 

mM, and the samples were cleared by centrifugation at 4000 × g at 4°C for 15 

minutes and stored at 4°C until assayed by ELISA (within 24 hours).  

 

 

 - Statistical Analysis 

DPP4 and DPP5 concentration data were verified by Kolmogorov-

Smirnov and Shapiro-Wilk tests of normality to follow a normal distribution; 

logarithmic transformation was applied when necessary, and/or non-parametric 

tests were used when appropriate. Data are expressed as mean±SD or median 

(followed by interquartile range) unless otherwise specified. Student’s t-test was 

used to compare the DPP4 and DPP5 level between male and female subjects as 

well as healthy participants and cancer patients. Similarly, ANOVA with 

Bonferroni post hoc test was used to compare the DPP4 and DPP5 levels among 

different cancer types, different TNM scores and stages.  

To assess the accuracy of plasma DPP4 and DPP5 levels in discriminating 

between cancer patients and healthy subjects, receiver-operative characteristics 

(ROC) curves were plotted, and the area under the curve was calculated. The 
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following ranges were used to classify the accuracy of the test based on the area 

under the ROC curve: 0.50 to 0.75 = fair, 0.75 to 0.92 = good, 0.92 to 0.97 = very 

good, and 0.97 to 1.00 = excellent (based on Simon S, Stat: ROC curve. 2000. 

Available at: http://www.childrens-mercy.org/stats/ask/roc.asp). The DPP4 and 

DPP5 cut-off points which would result in highest mutual sensitivity and 

specificity were determined.  

Simple bivariate Pearson or Spearman’s Rho tests were used as 

appropriate to study the correlation between DPP4, DPP5 and continuous 

variables following visual examination of scatter plots to rule out outliers and 

specific patterns. Natural logarithmic transformation was used to adjust the 

distribution if the normality assumption was not met and if still unsatisfactory, 

non-parametric variants of the above mentioned tests (i.e. Mann-Whitney U-test 

and Kruskal-Wallis H-test) were used as needed.  

The overall effect of DPP4 and DPP5 levels on survival was studied using 

Cox regression. Kaplan-Meier analysis with Log Rank test was also used to study 

the association between DPP4 and DPP5 levels and survival, comparing groups 

created by cut-off points based on median DPP4 and DPP5 levels (i.e. patients 

with DPP5 levels above median versus below median). Whenever a statistically 

significant association was noted, post hoc analysis was performed to identify the 

most significant cut-off points. Analysis was performed on various cancer cases 

combined as well as subgroups of common cancer types.  

All analyses were done using SPSS software (Version 16.0; Chicago, 

Illinois). Results were considered to be statistically significant if the p value was 

less than 0.05, except for the protease inhibitor experiments in which, due to the 

limited sample size and to reduce type-I error, p<0.01 and p<0.001 were used as 

statistical significance criteria. Assuming an alpha of 0.05, 17 samples per arm 

were sufficient to detect a difference of one standard deviation in DPP5 levels 

between the compared arms using unpaired t-test with power of 80%. Therefore, 

subgroup comparisons were focused on cancer type with at least 17 cases per arm.  
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RESULTS 

 

 

 

- Assay Performance: 

In total, 795 assays for DPP5 and 795 assays for DPP4 were performed on 

747 human plasma samples. Overall, 18 DPP5 measurements and 20 DPP4 

measurements were repeated due to not meeting the acceptance criteria (most 

commonly the readings were outside of the linear standard range and required 

adjusted dilution). Mean intra-assay CVs for DPP5 and DPP4 ELISA were below 

5%. The mean inter-assay CVs for DPP5 and DPP4 ELISA were below 15% in 

independently performed assays (Figure 9). 

DPP enzymatic assays were performed on a number of randomly-selected 

cancer samples, using D28 mAb (to capture and assess DPP5 activity) or E19 

mAb (to capture and assess DPP4 activity) as previously described (Chen et al., 

2006). The DPP enzymatic activity of the samples were found to be correlated 

with ELISA measurements (R2=0.355, p=0.041 for DPP5 and R2=0.902, p<0.001 

for DPP4; Figures 10 and 11).  

 

 

 

Figure 9- Intra- and inter-assay CV for DPP5 and DPP5 ELISA. Intra-
assay CV was the mean of individual CVs among each triplicate for all 
performed assays. Inter-assay CV was the mean of CVs among 
repeated assays. Error bars represent SD. 
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Figure 11- DPP activity of DPP4 versus ELISA measurements. DPP4 
was captured from 4 plasma samples from cancer patients using E19 
mAb and assayed using the Gly-Pro-nitroanilide substrate as previously 
described (Chen et al., 2006). P<0.001 for correlation of ELISA 
measurements and DPP activity. Error bars represent SD of triplicates. 
 

Figure 10- DPP activity of DPP5 versus ELISA measurements. DPP5 
was captured from 4 plasma samples from cancer patients using D28 
mAb and assayed using the Gly-Pro-nitroanilide substrate as previously 
described (Chen et al., 2006). P=0.041 for correlation of ELISA 
measurements and DPP activity. Error bars represent SD of triplicates. 
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- Plasma DPP5 and DPP4 Level in Clinical Samples (Specific Aims 1 and 2):  

A total of 747 plasma samples were obtained from 700 subjects: 656 

subjects had 1 sample and 44 had 2 samples or more obtained at different visits. 

The following are based on 700 plasma samples obtained on first visits, unless 

otherwise indicated. The distribution of the samples (healthy and cancers), 

patient demographics, and mean plasma DPP4 and DPP5 concentrations are 

presented in Table 2. 

In the 747 plasma samples studied (cancer and healthy combined), mean 

DPP5 and DPP4 levels were 0.51±0.30 and 4.65±6.37 µg/mL, respectively. Two 

gynecologic cancer patients had extremely high DPP4 levels in excess of 100 

µg/mL, as verified by independent measurements. To ensure that these two 

outlier cases were not unduly affecting the statistical significance of the results, 

analyses were performed with and without them and the results were compared, 

and they were excluded from analysis as appropriate (mean DPP4 level after 

exclusion of these 2 cases was 4.33±2.24 µg/mL; mean DPP5 level did not 

change).  

The DPP4 and DPP5 levels were highly correlated with each other, but 

several outlier cases were present as well (R2=0.382, p<0.001; Figure 12). 

Levels of DPP4 and DPP5 were slightly higher in male subjects, although it 

reached statistical significance only in the case of DPP4, and they were 

inversely associated with age (Pearson correlation -0.255, p<0.001 for DPP4 

and Pearson correlation -0.249, p<0.001 for DPP5) (Figures 13 and 14). 

In healthy subjects (Table 2), there was no significant association 

between age and DPP4/DPP5 levels. DPP5 was significantly higher in male 

subjects compared with female subjects (0.76±0.18 versus 0.65±0.18 µg/mL, 

p=0.015). Similarly, DPP4 was higher in male healthy subjects (6.31±1.21 

µg/mL in males versus 5.65±1.48 µg/mL in female, p=0.039).  
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Subject 
Category (n) 

Male 
Subjects %)

Age 
(years) 

Metastatic 
Cases (%)

Tumor 
Stage 

DPP4 
(μg/mL) 

DPP5 
(μg/mL) 

Healthy  (139) 18% 43±14 - - 5.69±1.47 0.66±0.19 

Breast cancer 
(56) 

0% 52±13 17.8% 2 (2) 4.98±1.94 0.60±0.21 

Hematological 
cancer (28) 

33% 63±10 57.1% 4 (2)a 3.90±2.46 0.39±0.31 

Head and Neck 
cancer (55) 

80% 67±12 66.7% 4 (0) 3.87±1.50 0.45±0.22 

Colorectal cancer 
(88) 

52% 63±12 69.8% 4 (0) 3.87±1.53 0.55±0.28 

Lung cancer 
(100) 

44% 65±11 71.4% 4 (1) 3.71±1.64 0.45±0.47 

Prostate cancer 
(45) 

100% 75±8 86.7% 4 (0) 5.70±4.41 0.54±0.20 

Gynecologic 
cancer (100) 

0% 63±12 20.2% 3 (1) 5.07±15.99b 0.33±0.20 

Upper GI, Liver, 
and Pancreas 
cancer (27) 

33% 72±9 91.7% 4 (0) 4.02±2.47 0.47±0.23 

Other/unknown 
cancer (62)c 

36% 69±9 Unknown Unknown 4.51±2.39 0.54±0.29 

Total (700)  27% 59±16 52.4% 4 (1) 4.65±6.37 0.51±0.30 

 

 

 

 

Table 2- Patient characteristics and plasma levels of DPP4 and
DPP5. Values are expressed as mean±SD, except for tumor stage which
is expressed in median (interquartile range [IQR]). a) Only lymphomas; b)
Gynecologic malignancies included 2 cases of Clear Cell
Adenocarcinoma with DPP4 levels of 109.66 and 121.99 µg/mL based on
repeated measurements. Mean DPP4 of gynecologic cancer cases after
exclusion of these two cases was 2.81±1.44, but mean DPP5 level
stayed unchanged; c) Other/Unknown cancers included 16 urologic
(other than prostate) cancers, 5 skin cancers, 1 brain cancer, 13
metastatic/secondary tumors with unknown origin, and 27 cases flagged
as “cancer” but with insufficient clinical data available to determine the
cancer type. GI, gastrointestinal. 
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Figure 13- Plasma DPP5 level and age. Scatter plot of plasma DPP5 
level versus age of the donors in all samples combined (healthy and 
cancer patients). P<0.001.  

Figure 12- Association of plasma DPP4 and DPP5 levels. Scatter plot 
of plasma DPP4 versus DPP5 levels measured in the study population
(n=692; 8 data points falling out of axis ranges were excluded). P<0.001.
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Plasma DPP5 and DPP4 levels were significantly lower in cancer patients 

compared with healthy subjects; the difference was more pronounced for DPP5 

(3.95±2.29 µg/mL versus 5.69±1.47µg/mL, respectively, p<0.001 for DPP4; 

0.47±0.30 versus 0.66±0.19 µg/mL, respectively, p<0.001 for DPP5). The cancer 

patients were significantly older than the healthy subjects (mean age 64.79±12.13 

versus 43.12±14.16 years old, p<0.001). To rule out the potential effect of age on 

DPP4/DPP5 levels in cancer patients and healthy subjects, comparison was 

repeated between 87 healthy subjects and 109 age-matched cancer patients (mean 

age 50.48±9.71 years in healthy subjects versus 51.89±8.65 years in age-matched 

cancer patients, p=0.285). Plasma DPP5 and DPP4 levels were again significantly 

lower in cancer patients compared with healthy subjects (3.78±1.65 µg/mL versus 

5.74±1.44 µg/mL, respectively, p<0.001 for DPP4; 0.45±0.25 versus 0.67±0.19 

µg/mL, respectively, p<0.001 for DPP5).  

ROC curves for DPP4 and DPP5 levels in cancer patients versus healthy 

subjects are presented in Figures 15 and 16. The accuracy of plasma DPP4 level 

to discriminate between the cancer patients and the healthy subjects was judged to 

be “good” (area under the ROC curve 0.788, 95% CI 0.749-0.826, p<0.001), 

Figure 14- Plasma DPP4 level and age. Scatter plot of plasma DPP4 
level versus age of the donors in all samples (healthy and cancer 
patients). P<0.001. 
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indicating that on average, a healthy subject had a plasma DPP4 level higher than 

78.8% of the cancer patients. The maximum sensitivity and specificity to 

discriminate between the two groups was achieved at the DPP4 cut-off point of 

4.82 μg/mL (sensitivity = 0.75, specificity = 0.75; Figure 15). The accuracy of the 

test increased following exclusion of stage-IV cancer cases from the ROC 

analysis (area under the curve 0.812, 95% CI 0.758-0.865, p<0.001). 

Likewise, the accuracy of Plasma DPP5 level to discriminate between the 

cancer patients and the healthy subjects was determined to be “good” (area under 

the ROC curve 0.756, 95% CI 0.716-0.795, p<0.001), indicating that on average, 

a healthy subject had a plasma DPP5 level higher than 75.6% of the cancer 

patients. The maximum sensitivity and specificity to discriminate between the two 

groups was achieved at the DPP5 cut-off point of 0.50 μg/mL (sensitivity = 0.83, 

specificity = 0.61; Figure 16). As in the case of DPP4, the accuracy of the test 

increased following exclusion of stage-IV cancer cases from the ROC analysis 

(area under the curve 0.797, 95% CI 0.744-0.849, p<0.001).     

 

 

Figure 15- ROC curve of DPP4 in cancer patients versus healthy
subjects. The blue curve represents the sensitivity and specificity of 
plasma DPP4 level to discriminate between cancer patients and healthy 
subjects. The closer the blue line is to the left-hand and top borders, the 
larger the area under the curve and the more accurate the test is.  
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In multiple comparisons, DPP5 levels in normal subjects were 

significantly higher compared with patients with gynecologic cancers (p<0.001), 

hematologic cancers (p<0.001), head and neck cancers (p<0.001), lung cancers 

(p<0.001), upper GI cancers (p<0.001), kidney and bladder cancers (p=0.018), 

and colorectal cancers (p=0.030) (Table 2). DPP4 levels in healthy subjects were 

significantly higher than patients with gynecologic cancers (p<0.001), 

hematologic cancers (p<0.001), head and neck cancers (p<0.001), lung cancers 

(p<0.001), colorectal cancers (p<0.001), and upper GI cancers (p<0.001). 

However, DPP4 and DPP5 levels were not significantly higher in normal subjects 

compared with patients with breast or prostate cancer.   

Plasma DPP4 and DPP5 levels were significantly higher in squamous cell 

carcinomas (SCC) compared with adenocarcinomas. However, the former was 

dominated by the head and neck cancers and the latter was dominated by 

gynecologic and lung cancers, possibly influencing the results (Table 3).     

Figure 16- ROC curve of DPP5 in cancer patients versus healthy 
subjects. The blue curve represents the sensitivity and specificity of 
plasma DPP5 level to discriminate between cancer patients and healthy 
subjects. The closer the blue line is to the left-hand and top borders, the 
larger the area under the curve and the more accurate the test is.  



31 
 

 

Cancer 
Site 

Squamous Cell 
Carcinoma 

Adenocarcinoma P Value 

N DPP4 DPP5 N DPP4 DPP5 DPP4 DPP5

Gynecologic 0 - - 77 2.64±1.21 0.31±0.15 - - 

Head & 
Neck 

25 3.98±1.72 0.46±0.22 5 4.28±0.63 0.48±0.05 - - 

Lung 1 6.03 0.35 19 3.19±1.41 0.35±0.24 - - 

Total 26 4.05±1.73 0.45±0.22 101 2.83±1.28 0.33±0.22 0.002 0.010

 

 

 

- Correlation of Plasma DPP5 and DPP4 Levels with Cancer Stage (Specific 

Aim 3):  

When all cancer types were considered, there was a near significant trend 

toward higher DPP5 and DPP4 levels in metastatic cases: DPP4 levels in cancer 

patients of all types with and without metastasis at time of blood draw were 

4.26±2.99 and 3.68±1.92 µg/mL, respectively (p=0.101). DPP5 levels in cancer 

patients with and without metastasis were 0.50±0.41 and 0.43±0.22 µg/mL, 

respectively (p=0.111). There was no significant association with lymph node 

involvement.  There was no significant difference in DPP5 levels among cancer 

patients with different tumor sizes. However, DPP4 levels were significantly 

lower in patients with T3 compared with T1 tumors (2.78±1.18 versus 4.23±1.64 

μg/mL, respectively; p<0.001). 

 DPP4 level was significantly lower in stage III cancers compared with 

stage I (p<0.001), II (p<0.001) and IV (p<0.001) stages (Figure 17). Likewise, 

DPP5 levels were significantly lower in stage III tumors compared with stage II 

(p=0.017) and IV (p=0.002) cancers (Figure 18). Table 4 summarizes the mean 

DPP5 and DPP4 levels in various cancer types with adequate sample size. 

Table 3- Plasma DPP4 and DPP5 levels in SCC versus
adenocarcinomas. Gynecological cancers were uterus or ovarian. All
head and neck adenocarcinomas were thyroid tumors. The reported p
values are from T-test.  
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Figure 18- Plasma DPP5 level and cancer stage age. Box plot of 
plasma DPP5 levels in cancers with different stages. Numbers represent 
median (interquartile range). “*” denotes p=0.017 for comparison of 
DPP5 levels between Stage III and II, and “**” denotes p=0.002 for 
comparison of DPP5 levels between Stage III and IV. 

Figure 17- Plasma DPP4 level and cancer stage. Box plot of plasma 
DPP4 levels in cancers with different stages. Numbers represent median 
(interquartile range). “*” denotes p<0.001 for comparison of DPP4 levels 
in Stage III versus Stage II and IV. 
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Cancer Site 
DPP5 Concentration (μg/mL)                     

P Value 
Stage I Stage II Stage III Stage IV 

Breast 0.60±0.13 
(n=11) 

0.64±0.21 
(n=21) 

0.54±0.06 
(n=6) 

0.50±0.26 
(n=7) 0.302 

Gynecologic 0.21±0.11 
(n=8) 

0.32±0.11 
(n=8) 

0.31±0.13 
(n=44) 

0.32±0.19 
(n=21) 0.237 

Lower GI 0.67         
(n=1) 

0.40±0.29 
(n=6) 

0.55±0.29 
(n=4) 

0.57±0.26 
(n=40) 0.383 

Lung 0.62±0.20 
(n=4) 

0.34±0.40 
(n=3) 

0.27±0.14 
(n=12) 

0.52±0.62 
(n=51) 0.071 

Prostate 0.60         
(n=1) 

0.70±0.09 
(n=3) 

-           
(n=0) 

0.52±0.20 
(n=26) 0.172 

Total  0.48±0.22 
(n=27) 

0.52±0.26 
(n=43) 

0.34±0.16 
(n=67) 

0.50±0.40 
(n=174) <0.001 

 

 

 

- Reproducibility of Plasma DPP5 and DPP4 Measurements:  

In 44 cancer patients, a second blood sample was taken after patients 

underwent surgery and often during the course of chemotherapy or radiation 

therapy. The median time elapsed between 1st and 2nd blood sampling was 7 (5) 

days. DPP4 and DPP5 measurements were highly correlated between the first and 

second specimens obtained from each patient (R2=0.684, p<0.001 for DPP4 

[Figure 19], and R2=0.332, p<0.001 for DPP5 [Figure 20]).  

There was no correlation between the time elapsed from the 1st to 2nd 

blood samples and the difference in the 1st and 2nd DPP4 and DPP5 measurements 

(p=0.720 and p=0.772, respectively) (Figures 21 and 22). 

 

Table 4- Plasma DPP5 levels in various stages according to cancer
type. Only the cancers with adequate sample size are presented. The
reported p values are from Kruskal-Wallis H-test comparing all stages to
test if anyone is significantly different from others.  
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Figure 20- Serial plasma DPP5 levels in cancer patients. Scatter plot 
of DPP5 levels measured in 2 serial blood samples obtained from 44 
cancer patients. Linear regression line is plotted.  

Figure 19- Serial plasma DPP4 levels in cancer patients. Scatter plot 
of DPP4 levels measured in 2 serial blood samples obtained from 44 
cancer patients. Linear regression line is plotted. 
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- Association of Plasma DPP5 and DPP4 Levels with Cancer Survival 

(Specific Aim 3):  

Follow-up data were available from 344 cancer patients. Median follow-

up duration was 645 (1622) days; 115 (33.2%) of the cases were alive at the last 

Figure 22- Serial plasma DPP4 levels versus time elapsed. Scatter 
plot of the difference between the DPP4 levels measured in 1st and 2nd

blood samples obtained from 44 cancer patients versus the time elapsed 
between the 1st and 2nd blood draw. Linear regression line is plotted. 

Figure 21- Serial plasma DPP5 levels versus time elapsed. Scatter 
plot of the difference between the DPP5 levels measured in 1st and 2nd

blood samples obtained from 44 cancer patients versus the time elapsed 
between the 1st and 2nd blood draw. Linear regression line is plotted.  
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follow-up visit. There was no significant association between the DPP5 level and 

the patients’ last known survival status (alive versus dead), but DPP4 levels were 

lower in cancer patients who had died (3.59±2.12 in deceased versus 3.87±1.71 in 

alive patients, p=0.027). When all cancer patients were considered, patients with 

longer follow-up duration had higher DPP4 levels (p=0.003). When the analysis 

was limited to the patients who were alive at the last follow-up, patients with 

longer duration of follow-up had higher DPP5 levels (p=0.033). There was a 

similar trend with DPP4, but it fell short of statistical significance (p=0.068).  

In Cox regression analysis of all types of cancer combined, lower DPP4 

was associated with significantly shorter survival (hazard ratio [HR] 0.695, 95% 

confidence interval [CI] 0.545-0.886 for the log-transformed variable, p=0.003). 

When patients were grouped based on their DPP4 level being above or below the 

median, patients with lower DPP4 levels had shorter survival compared with 

those with higher DPP4 levels (Log Rank test comparing groups above or below 

median DPP4 level of 3.43 µg/mL, p=0.021, Figure 23A). In post hoc analysis, 

the difference was most significant when DPP4 level of 3.05 µg/mL (30th 

percentile) was used as the cut-off point (p=0.001; Figure 23B). Conversely, 

lower DPP5 was associated with worse survival, only when metastatic cases were 

excluded (HR 0.637, 95% CI 0.423-0.960 for log-transformed variable, p=0.031, 

Figure 24). 

Subgroup analysis of survival was performed for cancers with adequate 

sample size as described in the Materials and Methods section. In hematological 

malignancies, DPP4 and DPP5 levels were similar among leukemia (n=9), 

lymphoma (n=15) and multiple myeloma (n=4) cases and they were analyzed 

together. Older age was associated with significantly higher DPP5 levels 

(p=0.001), but not DPP4 (p=0.786). Head and neck malignancies (Table 2) 

consisted of 20 cases of oropharyngeal malignancies, 12 laryngeal cancers and 8 

thyroid cancer cases. DPP4 and DPP5 levels were similar among different cancer 

types. Patients with higher DPP5 levels had better survival (Log Rank test 

comparing groups above or below median DPP5 level of 0.41 µg/mL, p=0.039; 

HR 0.486, 95% CI 0.213-1.110 for log-transformed variable, p=0.087; Figure 25). 
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Similarly, head and neck cancer patients with higher DPP4 levels had better 

survival (Log Rank test comparing groups above or below median DPP4 level of 

3.84 µg/mL, p=0.042; HR 0.252, 95% CI 0.079-0.806 for the log-transformed 

variable, p=0.020; Figure 26A). In post hoc analysis, the difference was most 

significant when DPP4 level of 0.61 µg/mL (20th percentile) was used as the cut-

off point (p=0.002; Figure 26B).  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 23- DPP4 and survival in all cancers. Panel A: Survival in 
cancer patients with DPP4 levels <3.43 µg/mL (median; blue line) versus 
those with DPP4 levels >3.43 µg/mL (green line). Panel B: Same as 
panel A, using DPP4 level of 3.05 µg/mL as the cut-off point; Total 
n=344. Censored cases are denoted by “+” (n=113). 

 
A 
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Figure 24- DPP5 and survival in non-metastatic cancers. Survival in
non-metastatic cancer patients with DPP5 levels <0.35 µg/mL (median; 
blue line) versus those with DPP5 levels >0.35 µg/mL (green line); Total 
n=110. Censored cases are denoted by “+” (n=59). 

Figure 25- DPP5 and survival in head and neck cancers. Survival in
head and neck cancer patients with DPP5 levels <0.41 µg/mL (median; 
blue line) versus those with DPP5 levels >0.41 µg/mL (green line); Total 
n=38. Censored cases are denoted by “+” (n=14). 
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Lung malignancies consisted of 67 non-small cell and 16 small cell 

carcinomas. There were no significant differences in DPP4 and DPP5 levels 

between these tumor types. Older age was associated with lower DPP4 levels 

(p=0.025). DPP4 level in stage III cancers (2.30±0.79 µg/mL) was significantly 

lower compared with stage I (4.77±0.38 µg/mL, p=0.031) and stage IV 

(3.95±1.67 µg/mL, p=0.009) cancers. There was a non-significant trend between 

lower DPP4 levels and shorter survival (HR 0.657, 95% CI 0.401-1.079, 

p=0.097). In post hoc analysis, based on DPP4 cut-off point of 4.47 µg/mL (70th 

Figure 26- DPP4 and survival in head and neck cancers. Panel A: 
Survival in head and neck cancer patients with DPP4 levels <3.84 µg/mL 
(median; blue line) versus those with DPP4 levels >3.84 µg/mL (green 
line). Panel B: Same as panel A, using DPP4 level of 0.61 µg/mL as the 
cut-off point; Total n=38. Censored cases are denoted by “+” (n=14). 

A 
 
 
 
 
 
 
 
 
 
 
 
B 
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percentile), patients with higher DPP4 level had better survival (p=0.007; Figure 

27).  

In gynecologic cancers (Table 2), smaller tumors (T1) had higher DPP4 

levels compared with T2-4 tumors (p<0.001). Similarly, stage I tumors had 

significantly higher DPP4 levels (p<0.001). There was no significant association 

between DPP4 and DPP5 levels and survival, but there was a trend toward better 

survival in patients with higher DPP4 levels (HR 0.636, 95% CI 0.385-1.051, 

p=0.077).  

In contrast to other cancers, older age was associated with lower DPP5 

levels in patients with colorectal cancer (Table 2), (p=0.016). There was a non-

significant trend toward shorter survival in patients with higher DPP5 levels (HR 

1.997, 95% CI 0.886-4.500 for the log-transformed variable, p=0.095; Log Rank 

test comparing groups above or below median DPP5 level of 0.43 μg/mL, 

p=0.515 [Figure 28A]). In post hoc analysis, the difference was most significant 

when DPP5 level of 0.64 µg/mL (30th percentile) was used as the cut-off point 

(p=0.003; Figure 28B).  

 

 

 
 

Figure 27- DPP4 and survival in lung cancer. Survival in lung cancer 
patients with DPP4 levels <4.47 µg/mL (blue line) versus those with DPP4 
levels >4.47 µg/mL (green line); Total n=63. Censored cases are denoted 
by “+” (n=10). 
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Other gastroenterological malignancies included 19 gastro-esophageal 

tumors and 8 liver/pancreas cancer cases. Liver/pancreas cancers had significantly 

higher DPP4 (5.99±3.05 µg/mL) and DPP5 (0.68±0.16 µg/mL) levels compared 

with gastro-esophageal cancers (DPP4: 3.19±1.64 µg/mL, p=0.009; DPP5: 

0.39±0.20 µg/mL, p=0.008). Also, DPP5 levels in gastro-esophageal cancers were 

significantly lower compared with colorectal tumors (p=0.020).  

Figure 28- DPP5 and survival in colorectal cancers. Panel A: Survival 
in colorectal cancer patients with DPP5 levels <0.43 µg/mL (median; 
blue line) versus those with DPP5 levels >0.43 µg/mL (green line). Panel 
B: Same as panel A, using DPP5 level of 0.64 µg/mL as the cut-off point; 
Total n=46. Censored cases are denoted by “+” (n=11).
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Overall in the subgroup analyses, no statistically significant association 

was noted between DPP4/DPP5 levels and age, tumor size, lymph node 

involvement, metastasis and staging in breast, head and neck and prostate 

malignancies. Likewise, there was no association between DPP4/DPP5 levels and 

gender in head and neck, lung and colorectal malignancies. No effect of 

DPP4/DPP5 levels on survival was noted in breast and hematological 

malignancies. Finally, in gynecologic cancers, there was no association between 

DPP4/DPP5 levels and patients’ age, CA125 levels and circulating tumor cell 

counts at time of diagnosis (Fan et al., 2009).  

 

 

- Proteolytic Release of DPP5 from Cells (Specific Aim 4):  

LOX (human melanoma) and SB247 (human ovarian carcinoma) cell lines 

as well as two previously established DPP5-knocked-down variants of LOX cell 

lines (Chen et al., 2006) were cultured in regular medium and the conditioned 

medium was assayed for DPP5 and DPP4 presence using ELISA and enzymatic 

assays. While the LOX-conditioned medium was positive for DPP5, no DPP5 was 

detected in conditioned medium of knocked-down LOX cells, SB247 cells, or 

unconditioned medium. No DPP4 was detected in none of the samples (Figure 

29). Results were similar when serum-free medium was used. 

LOX cell line was used to study the potential proteolytic mechanism of 

release of DPP5 into culture medium, as an in vitro model to explain the source of 

DPP5 in plasma. In order to rule out the possibility that the detected DPP5 in 

conditioned medium was associated with membranes (e.g. membrane-bound on 

vesicles released by LOX cells), conditioned medium was cleared and 

ultracentrifuged. While there was no visually detectable difference in DPP5 levels 

before and after ultracentrifugation, DPP5 was detected in the resuspended pellet 

(Figure 30). Based on ELISA of serial dilutions of resuspended pellet, it was 

determined that ~80% of the total DPP5 antigen present in LOX conditioned 

medium was in free form and ~20% was associated with vesicles. The membrane-

bound DPP5 was not detectable by ELISA unless released by strong detergents. 
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Figure 30- Free versus membrane-bound DPP5. Conditioned medium 
was ultracentrifuged and assayed for DPP5 and DPP4 levels using 
ELISA. LOX-pre, LOX cell medium before ultracentrifugation; SEP1-pre, 
DPP5-knocked-down LOX cell medium before ultracentrifugation; LOX-
post, LOX cell medium after ultracentrifugation; SEP1-post, DPP5-
knocked-down LOX cell medium after ultracentrifugation; LOX-pellet, 
resuspended pellet of LOX cell medium after ultracentrifugation; SEP1-
pellet, resuspended pellet of DPP5-knocked-down LOX cell medium after 
ultracentrifugation. Error bars represent SD of triplicates.  

Figure 29- DPP5 in conditioned medium of LOX cells. Various cell 
lines were cultured in regular medium to near confluent and the 
conditioned medium was sampled and assayed for DPP4 and DPP5 
using ELISA. LOX, regular medium conditioned by LOX cell line; SEP1 
and SEP2, regular medium conditioned by DPP5-knocked-down variants 
of LOX cell line; SB247, regular medium conditioned by SB247 cell line; 
CCC, unconditioned regular medium. Error bars represent SD of 
triplicates. Slight rise in the DPP5 level observed in medium conditioned 
by SEP2 cells is consistent with previous report of incomplete inhibition 
of DPP5 expression in this cell line (Chen et al., 2006).  
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Following confirmation that LOX cells release soluble DPP5 into their 

culture medium, LOX cells were cultured, resuspended using trypsin or PBS, washed 

and replated in presence of various protease inhibitors (Table 1). Conditioned 

medium was sampled and assayed for DPP5 concentration using ELISA at 3 hours 

(Figure 31A) and 6 hours (Figure 31B). Results were comparable using trypsin or 

Figure 31- Effect of protease inhibitors on free DPP5 level. Conditioned 
medium of LOX cells in presence of various protease inhibitors or controls, 
sampled at 3 (panel A) and 6 hours (panel B) was assayed for DPP5 level 
using ELISA. The bars are clustered together in the same color based on 
the volume and type of solvent used to add the inhibitor, and the last bar in 
each color cluster represents the solvent with no inhibitor (control; 20, 10, 
and 5 μL PBS, Ethanol, DMSO, and SFM [serum-free DMEM]). Error bars 
represent SD of triplicates. *) p<0.01 compared with the respective control; 
**) p<0.001 compared with the respective control. 

A 
 
 
 
 
 
 
 
 
 
 
 
B 

Trypsin Inhibitor 
Trypsin Inhibitor 
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PBS to resuspend the cells. Cell viability at 3 and 6 hours was >95% in all wells. The 

results of 4 independent experiments are summarized in Table 5. The data show that 

inhibitors of serine proteases are most frequently associated with reduced DPP5 in 

the conditioned medium. Conversely, NEM (a cysteine protease) is associated with 

increased DPP5. Finally, inhibitors of metalloproteases did not affect the ELISA-

detected level of DPP5 in LOX conditioned medium.   

 

 

Inhibitor Effect on [DPP5] Inhibitory Action of the Inhibitor 

Benzamidine  ↓↓↓↓  Serine proteases, trypsin  

α2Macroglobulin  ↓↓↓↓↓  Serine/cysteine/aspartic/metalloproteases  

Aprotinin  ↓↓  Serine protease  

Leupeptin  ↓↓↓↓  Serine/cysteine proteases  

EACA  ↓  Chymotrypsin, FVIIa, lysine carboxypeptidase, 
plasmin, plasminogen activator  

Antipain  ↓  Serine/cysteine proteases  

E64  ↓  Cysteine proteases  

Bestatin  ↓  Leucine aminopeptidase/triamino peptidase  

Trypsin Inhibitor  ↓  Trypsin/chymotrypsin/plasmin  

AEBSF  ↓↓  Serine proteases  

Phosphoramidon  ↔  Bacterial metalloproteases 

Pepstatin  ↓  Aspartyl proteases  

NEM  ↑↑↑  Cysteine proteases  

Chymostatin  ↑  Chymotrypsin-like serine proteases, chymases, 
lysosomal cysteine proteases  

GM6001  ↔  MMPs  

EDTA  ↔  Metalloproteases  

Table 5- Summary of effect of various protease inhibitors on DPP5
level. The data from 4 independent experiments are combined. “↓”
indicates reduction and “↑” indicates increase of DPP5 level in
conditioned medium compared with control. Based on t-tests results, for
each p<0.01 one (↓ or ↑) and for each p<0.001 two (↓↓ or ↑↑) scores
were given. “↔” indicates no significant (p<0.01) difference from the
control in any experiments.   
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DISCUSSION: 

 

 

 

There has been considerable interest in the role of DPP4 in various 

pathophysiologic processes and as a novel therapeutic target for diabetes, brain 

tumors and infectious diseases (Yazbeck et al., 2009; Busek et al., 2008; Havre et 

al., 2008; Yu et al., 2010). The other major member of the DPP family, DPP5, is 

of interest because of the demonstration of its high expression in solid tumor 

tissues (O'Brien and O'Connor, 2008). DPP5 has also been reported to be a 

promising diagnostic and therapeutic target in malignancies (Aoyama and Chen, 

1990; Chen et al., 2006; Christiansen et al., 2007; Kennedy et al., 2009; Narra et 

al., 2007; Ostermann et al., 2008; Scott et al., 2003). Although DPP5 has been 

isolated from plasma, the clinical relevance of soluble DPP5 in blood in cancer 

patients has not yet been addressed in published reports (Lee et al., 2006; Narra et 

al., 2007).  

In this study, a novel ELISA for measurement of DPP5 in plasma was 

developed and validated to be sensitive and specific, and yield reproducible 

results. The ELISA measurements were proportional to the DPP activity of DPP4 

and DPP5 in plasma samples, despite the fact that the plasma samples had 

undergone at least two freeze-thaw cycles and this could affect the enzymatic 

activity. This observation suggests that the antigenic level of DPP4 and DPP5 in 

plasma as measured by ELISA (at least in the limited number of samples studied) 

is proportional to the level of enzymatic activity of DPP4 and DPP5, which 

further supports the validity of the measurements.   

A large series of plasma samples from healthy donors and cancer patients 

was assayed for DPP5 and DPP4. This study demonstrated new findings with 

regards to plasma DPP5 and confirmed previously-reported correlations regarding 

DPP4. Plasma DPP4 and DPP5 levels were higher in healthy male than female 

subjects. Using DPP4 and DPP5 levels was demonstrated to be an accurate test to 

discriminate between the healthy individuals and cancer patients, particularly in 
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non-metastatic cases. Previous reports support DPP4 as a prognostic factor in 

some types of cancer, with patients with higher levels of DPP4 experiencing 

longer survival. This was confirmed when all cancer cases were combined, as 

well as in lung and head and neck cancer subgroup analyses in this study. A 

similar trend was observed with DPP5 in head and neck cancers. The notable 

exception was the case of colorectal carcinomas in which higher DPP5 levels 

were associated with poor prognosis. Previous studies demonstrated that higher 

local expression of DPP5 in colorectal tumors is associated with more lymph 

nodal involvement, more metastasis, and poor survival (Henry et al., 2007; Iwasa 

et al., 2005). However, the present study did not detect a statistically significant 

association between plasma DPP5 level and lymph node involvement or 

metastasis. Conversely, another study has reported higher tumor stromal DPP5 

staining in earlier stage colorectal tumors, as well as decreased survival in high-

DPP5 staining metastatic colorectal tumors, which is in line with present study’s 

findings (Henry et al., 2007). 

The average DPP4 level in plasma of healthy adults has been reported to 

be approximately 7 µg/mL (Gorrell et al., 2001). Using the DPP4 ELISA 

developed in this study, the mean DPP4 level in plasma samples from healthy 

adults was 5.69±1.47 µg/mL, which is remarkably close to the previously 

reported level. Measured plasma DPP5 levels were nearly 9-fold lower 

(0.66±0.19 μg/mL in healthy subjects) compared with DPP4 levels in the same 

individuals. Reports indicate that only around 90% of the DPP activity in human 

plasma can be attributed to plasma DPP4, and the source of the remaining 10% of 

activity has been a mystery (Cordero et al., 2009). Based on this study, plasma 

DPP5 can be suggested as a likely candidate to explain the remaining DPP 

activity in blood. 

Interestingly, plasma DPP4 and DPP5 levels in this study closely 

correlated with each other, with each protein level capable of predicting some 

38% of variability of the other protein level. DPP4 and DPP5 are known to form 

hetero-oligomeric complexes on the cell membrane (Chen et al., 2006; Chen, 

2003; Ghersi et al., 2002; Ghersi et al., 2003; Ghersi et al., 2006). It is possible 
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that similar complexes exist in blood circulation, which could explain the 

correlation of DPP4 and DPP5 levels in plasma, although preliminary 

experiments at our lab failed to co-isolate detectable levels of DPP4, when DPP5 

was captured from plasma using mAb-coated beads (Western blotting) or vice 

versa using enzymatic assays in mAb-coated microplates to capture DPP4 

(unpublished data).  

We demonstrated that plasma DPP5 levels in 561 cancer patients were 

significantly lower compared with healthy subjects (0.46±0.30 versus 

0.66±0.19µg/mL, respectively). The finding was confirmed to be independent of 

subjects’ age or gender. This was an unexpected finding in light of extensive 

evidence showing high local concentration of DPP5 in various solid tumor tissues 

(Fluge et al., 2006; Mori et al., 2004; Goscinski et al., 2008; Cohen et al., 2008; 

Dolznig et al., 2005; Garin-Chesa et al., 1990; Iwasa et al., 2005; Kennedy et al., 

2009; Okada et al., 2003; Zhang et al., 2007). Increased local expression of DPP5 

has been reported in lung, breast, colorectal, ovarian, head and neck, bladder, skin 

and pancreatic tumors as well as some sarcomas. Nonetheless, as can be seen 

from Table 2, plasma from patients with most cancer types had DPP5 levels lower 

than healthy subjects, with some (gynecologic, hematologic, lung and head and 

neck tumors) displaying particularly low plasma DPP5 levels. It remains to be 

determined if the lower level of plasma DPP5 seen in cancer patients is a 

nonspecific change in line with reduction of some other plasma proteins such as 

albumin and other negative acute-phase proteins seen in inflammatory processes 

and malignancies (e.g. transferrin and inter-alpha-trypsin inhibitors (Ritchie et al., 

1999; Daveau et al., 1993)), or a more specific phenomenon. Possible (and 

speculative) explanations for the observed lower level in cancer patients include 

active uptake of DPP5 from plasma by tumor cells, removal by the 

reticuloendothelial system (alone, or in combination with other molecules such as 

auto-antibodies), binding to other plasma proteins that mask antibody-binding 

epitopes (e.g. auto-antibodies), protein degradation/truncation, or accumulation in 

thrombi (see below). ELISAs to quantify putative DPP5 autoantibodies in plasma 

samples have been developed at our lab for future investigation.  
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Of note, the method used in this study (sandwich ELISA) relies on 

recognition and binding of certain epitopes on DPP5 by 2 different mAbs, and 

various phenomena such as masking of either epitope or truncation of the protein 

and dissociation of the binding sites of the 2 mAbs can interfere with the assay 

readings (Figure 32). Following spiking rDPP4 in plasma samples, limited recovery 

of rDPP4 was observed by the assay (Figure 8), which may be due to trapping of 

rDPP4 by molecules present in plasma  (e.g. α2 macroglobulin) and masking of the 

epitopes that bind the ELISA monoclonal antibodies. Nonetheless, a similar limited 

recovery was not observed following spiking of plasma with rDPP5.       

Western blotting data using E97 mAb in this study indicate that most of 

DPP5 in human plasma is truncated as indicated by the 25-KDa size of the 

predominant band under denaturing conditions (Figure 2). However, the DPP5 

mAbs used to develop ELISA in this study (D8 and D28) are known to recognize 

the larger (active) 97-KDa monomer of DPP5, not the smaller (inactive) 25-KDa 

fragment (Chen et al., 2006). Nonetheless, given the lack of gelatinase and DPP 

activity in 25-KDa fragments detected by E97, and the inability of E97 to 

recognize native active DPP5 in dimeric form (the expected active form present in 

plasma) which prevented its application in developing ELISA, use of D8 and D28 

mAbs in developing the ELISA in this study was justified.     

 

 

 

 

 

 

 

  

Figure 32- Potential Interferences with DPP5 ELISA. Sandwich ELISA 
relies on binding of the target protein to immobilized D28 mAbs (1) on 
the plate, and binding of digoxigenin-conjugated D8 mAb (2) to DPP5. 
Various factors can interfere with this process and potentially affect the 
results. A) Other molecules masking either mAb-binding epitopes on 
DPP5; B) Truncation of DPP5, resulting in physical separation of mAb-
binding sites. Dig, digoxigenin.
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Decreased plasma DPP4 levels (as well as discrepancies between DPP4 

antigenicity measured by ELISA versus DPP4 activity measured by DPP 

enzymatic assays) have been observed in some cancers, and differences in 

glycosylation patterns affecting immunorecognition of DPP4 or interaction with 

other proteins have been suggested as possible reasons (Cordero et al., 2009). 

Similar possibilities exists for DPP5, although some data suggest glypican 3 (a 

proteoglycan on the cell surface) to be the only natural inhibitor of DPP5, 

undermining the possibility of plasma molecules such as α2 macroglobulin or α1 

anti-trypsin being responsible for removal of DPP5 from plasma and affecting its 

plasma level (Davoodi et al., 2007). Additionally, given the role of DPP4 in 

activating immune response, and its increased plasma level in inflammatory 

conditions, it has been suggested that some tumors may actively inhibit DPP4 

expression from T cells by expressing immunosuppressive proteins such as TGF-

β1, thus inducing tolerance toward themselves (Cordero et al., 2009). There is the 

possibility that such immunosuppressive signals may (inadvertently) affect DPP5 

expression as well, given the similarity of the two proteases. Interestingly, it has 

recently been reported that TGF-β may induce expression of DPP5 in a highly 

metastatic human ovarian cancer cell line (Chen et al., 2009), although more 

evidence is needed to substantiate this finding.   

While the source of plasma DPP5 is unknown, its presence in plasma of 

healthy subjects indicates physiologic source(s). On the other hand, membrane-

bound DPP5 can be proteolytically cleaved and released from the tumor cell 

surface as demonstrated in this study (Figure 29), and as previously reported 

(Chen et al., 2006). This phenomenon would suggest that similar to some other 

proteases, plasma DPP5 level should increase in malignancy as the number of 

tumor-associated DPP5-expressing cells increase (Zucker et al., 2004). One 

speculation to explain our data is that as the tumor burden increases, the amount 

of plasma DPP5 derived from physiologic sources declines, while the tumor cell-

derived DPP5 increases particularly in advanced disease (stage IV) (Figure 33). 

Consistent with this hypothesis, this study shows that serine protease inhibitors 

are capable of reducing the level of free DPP5 in media conditioned by metastatic 
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melanoma cells, suggestive of increasing proteolytic shedding of DPP5 from 

stage IV tumors. 

As displayed in Figure 18, mean plasma DPP5 levels declined as cancer 

progress from stage I to stage III, and then increased in stage IV. Interestingly, a 

near-significant trend was observed toward higher plasma DPP5 levels in 

metastatic cases. More studies are needed to determine if there is a clinical 

application for this phenomenon (e.g. as a tool for monitoring disease progress 

and early detection of metastasis). Similar phenomenon was observed for DPP4 

(Figure 17), and this observation is consistent with previous reports of increased 

plasma DPP4 levels in stage IV cancers (Cordero et al., 2009).  

It is generally believed that bulk of plasma DPP4 originates from 

hepatobiliary system followed by immune system, through proteolytic release and 

shedding of the membrane-bound form of DPP4 into blood circulation (Cordero 

et al., 2009). This study demonstrated that serine protease inhibitors are capable 

of reducing the level of free DPP5 in LOX conditioned medium, suggestive of a 

similar proteolytic shedding mechanism for release of DPP5 into plasma, 

mediated by serine proteases. Given that DPP5 is a serine protease, it remains to 

be determined if DPP5 can act on itself to release it from the cell surface. It has 

been previously demonstrated that proteolytic truncation of DPP5 in conditioned 

medium is mediated by (yet to be identified) metalloproteases (Chen et al., 2006). 

However, in the model utilized in the present study, metalloprotease inhibitors did 

not affect the detected level of DPP5 in conditioned medium (Table 5), suggesting 

that metalloproteases are not involved in shedding of DPP5 from cells, and 

metalloprotease-truncated forms of DPP5 are still detectable by the ELISA. 

Given the similarities between DPP4 and DPP5, the sources of plasma 

DPP4 (hepatobiliary and immune system) should be considered when searching 

for physiologic sources of plasma DPP5. In this study, there was only 1 patient 

with liver cancer. Although DPP4 and DPP5 levels of this patient were both 

above the normal average (8.82 μg/mL and 0.73 μg/mL, respectively), no 

conclusion can be drawn based on a single case. Nonetheless, relatively high 

plasma DPP5 levels were also observed in pancreatic cancers, which may be a 
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clue to the liver or pancreas being the physiologic source of plasma DPP5, given 

the proximity of pancreas to liver and its common involvement in pancreatic 

cancers, as previously discussed. Conversely, mean DPP4 and DPP5 levels in 

leukemia and lymphomas in this study were lower compared with healthy 

subjects (Table 2).         

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Contrary to most tumor types, breast and prostate cancer patients did not 

exhibit lower-than-normal DPP5 levels. The fact that the mean age of breast and 

prostate cancer patients was similar to other types of cancer displaying low levels 

of DPP5 (Table 2) tends to negate an important impact of age on DPP5 

measurements. In breast cancer patients, the predominance of lower stage cancers 

(median stage of II in breast cancer cases as opposed to median stage IV for other 

types of cancer) may be related to the near-normal observed plasma levels of 

DPP5. This explanation does not apply to prostate cancers, which were 

predominantly stage IV. The hormonal dependence of breast and prostate tumors 

is another factor for future consideration. Interestingly, a previous study of DPP5 

Figure 33- “Dual source” theory of plasma DPP5 in cancer. As 
cancer progresses, the DPP5 derived from the physiologic source 
declines while the DPP5 derived from tumor increases. 
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expression levels in tumors (using RT-PCR) reported that breast, uterus, and 

cervix had the highest levels of expression among the normal tissues (Dolznig et 

al., 2005). Of the malignant tissues studied, breast cancers (ductal and lobular 

carcinomas) had significantly higher DPP5 expression compared with normal 

breast tissue, while the expression levels of malignant uterus/cervix tissues did not 

differ from normal tissues.  

Previous studies have described an antifibrinolytic role for DPP5 in the 

circulation, possibly favoring the production/maintenance of thrombosis (Lee et al., 

2006). A potential relationship between plasma DPP5 level and the coagulation 

status of cancer patients, who are prone to thromboembolic events resulting in 

considerable morbidity and mortality, is an appropriate subject for further research. 

Notably, it is yet to be determined if higher plasma levels of DPP5 (e.g. in stage IV 

cancers) can be used to predict the risk of thromboembolic events in these patients, 

and if so, be used in deciding on thromboembolic prophylaxis.    

The results of this study should be interpreted with consideration of its 

limitations. Although the ELISA methodology developed for this study has been 

extensively tested and validated, the presence of other molecules interacting with 

DPP5 and DPP4 in blood, e.g. autoantibodies and other binding macromolecules, 

can potentially interfere with ELISA results. Each patient in this study usually 

provided only one (or two) blood samples and having access to more blood 

samples during the follow-up period could have allowed longitudinal analysis to 

study the possible change of DPP4 and DPP5 levels through the course of therapy 

and disease. Unavailable and missing demographic/clinical data for a substantial 

number of the patients is another limiting factor. 

Despite these limitations, this study is the first to address the levels of 

DPP5 and DPP4 in plasma of healthy subjects and cancer patients and their 

association with tumor type, stage, and survival. It is hoped that this study will 

serve as the basis for further in-depth analyses of the clinical significance of 

plasma DPP5 and DPP4 in various types of cancers as a potential diagnostic and 

prognostic factor, as well as the use of circulating DPP5 and DPP4 measurements 

in monitoring (and adjusting) treatments employing DPP5 and DPP4 inhibitors. 
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CONCLUSION 

 

 

 

This study demonstrates that plasma DPP5 and DPP4 levels are 

reproducible parameters that correlate with disease status, with lower levels noted 

in cancer patients as compared with healthy subjects, as well as higher stage non-

metastatic cancers compared with early-stage cancers. Higher DPP5 levels are 

generally associated with better cancer prognosis, although this relationship may 

be inversed in stage IV cancers. An in vitro model supports proteolytic shedding 

of membrane-bound DPP5 by serine proteases as the potential source of plasma 

DPP5. All together, these findings support a prognostic role for plasma DPP5 and 

DPP4 levels in cancers and their plasma levels should be considered in designing 

clinical investigations focusing on DPP5 as a therapeutic target to hinder cancer 

progression. An explanation for low levels of plasma DPP5 in cancer despite 

previously-reported high level of local expression, and physiologic source(s) of 

DPP5 remain to be determined. 
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