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In 1984, a carboxypeptidase N (CPN)–like enzyme was 
identified in membrane fractions of the human kidney 
(Skidgel, Johnson, and Erdos 1984). This new member of 
the B-type carboxypeptidases was named carboxypeptidase 
M (CPM) because of its unique membrane-bound feature 
(Skidgel et al. 1989). A human urinary basic carboxypepti-
dase (different from CPA, pancreatic CPB, or CPN) puri-
fied earlier that year was identified later as the soluble form 
of CPM (Skidgel, Davis, and Erdos 1984; McGwire and 
Skidgel 1995). Soluble CPM most likely is responsible for 
the basic carboxypeptidase activity reported for human 
urine from healthy individuals and renal disease patients 
(Hamai et al. 1990). Besides the placenta and the lung, the 
kidney is considered an important source of CPM. Although 

strong evidence exists for the expression of the peptidase in 
the human kidney, mapping of CPM along renal structures 
and renal-specific cell types has never been performed. 
Although some basic carboxypeptidases (particularly CPU) 
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Summary

Although the kidney generally has been regarded as an excellent source of carboxypeptidase M (CPM), little is known about 
its renal-specific expression level and distribution. This study provides a detailed localization of CPM in healthy and diseased 
human kidneys. The results indicate a broad distribution of CPM along the renal tubular structures in the healthy kidney. 
CPM was identified at the parietal epithelium beneath the Bowman’s basement membrane and in glomerular mesangial cells. 
Capillaries, podocytes, and most interstitial cells were CPM negative. Tumor cells of renal cell carcinoma subtypes lose CPM 
expression upon dedifferentiation. Tissue microarray analysis demonstrated a correlation between low CPM expression 
and tumor cell type. CPM staining was intense on phagocytotic tumor-associated macrophages. Immunoreactive CPM was 
also detected in the tumor-associated vasculature. The absence of CPM in normal renal blood vessels points toward a role 
for CPM in angiogenesis. Coexistence of CPM and the epidermal growth factor receptor (EGFR) was detected in papillary 
renal cell carcinoma. However, the different subcellular localization of CPM and EGFR argues against an interaction between 
these h proteins. The description of the distribution of CPM in human kidney forms the foundation for further study of the 
(patho)physiological activities of CPM in the kidney. (J Histochem Cytochem 61:218–235, 2013)
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have been associated with renopathological conditions, this 
has not been investigated for CPM so far. Nevertheless, one 
case report described CPM-positive granuloma cells in a 
patient with renal cell carcinoma (RCC) and an atypical 
sarcoid-like reaction (Kovacs et al. 2004).

RCC represents the most important type of adult renal epi-
thelial neoplasm, accounting for 90% of all renal malignan-
cies. This clinicopathologically heterogeneous disease shows 
significant lethality (Jemal et al. 2009; Ferlay et al. 2010). 
Clear cell carcinoma is the most frequently occurring form of 
RCC, accounting for 70% of the cases. A less favorable prog-
nosis has been observed for clear cell RCC compared with 
papillary RCC and chromophobe RCC, which have preva-
lences of 10% to 15% and 4% to 6%, respectively (Cheville 
et al. 2003; Eble et al. 2004). Various molecular markers have 
been investigated for the prognosis of RCC, among which 
are epidermal growth factor receptor (EGFR), carbonic anhy-
drase IX, vascular endothelial growth factor (VEGF), 
hypoxia inducible factor, Ki67, p53, phosphatase and tensin 
homologue (PTEN), E-cadherin, and CD44. However, no 
specific molecular prognostic marker has been recommended 
for routine clinical use as yet (Ljungberg et al. 2010).

EGFR is expressed in 50% to 90% of RCCs. A trend 
toward a shortened survival was seen in EGFR+ clear cell 
RCC (Moch et al. 1997). Upregulation of EGFR was linked 
to high tumor grade and advanced pathological tumor classi-
fication (Yoshida et al. 1994; Ciardiello and Tortora 2008; 
Minner et al. 2012). However, the association of EGFR over-
expression with poor prognosis in clear cell RCC is not 
always clear (Cohen et al. 2007). EGFR overexpression was 
related to an aggressive clinical course in many cancers pos-
sibly by inducing rapid tumor cell proliferation (Toi et al. 
1990; Sauter et al. 1994; Moch et al. 1997; Goel et al. 2007; 
Sibilia et al. 2007). Constitutive/chronic EGFR activation is 
thought to contribute to dedifferentiation, uncontrolled cell 
division, inhibition of apoptosis, metastasis, and, as a conse-
quence, the evolution of RCC (Weber et al. 2007; Zeng et al. 
2009). Interestingly, 80% of CPM+ lung adenocarcinomas 
were found to coexpress EGFR. Moreover, CPM-EGFR dou-
ble positivity correlated with a worse clinical outcome, 
whereas the opposite was true for CPM-EGFR double- 
negative tumors. CPM, which is capable of processing epi-
dermal growth factor (EGF) at its C-terminus, could thus 
influence tumor biology in EGFR+ tumors (Tsakiris et al. 
2008). CPM is considered to be a major metabolizer of EGF 
in urine. Formation of EGF des-Arginine (Arg)53 by CPM 
was observed in Madin-Darby canine kidney (MDCK) cell 
monolayers. Removal of the C-terminal Arg did not affect the 
mitogenic property of EGF, EGFR activation, or signal trans-
duction (McGwire and Skidgel 1995).

The biological role of CPM may be deduced from its 
natural substrates, cell- and tissue-specific expression in the 
human body, and disease-related expression. This study 

sought to identify the type of renal cells that express CPM 
as well as its distribution within the various kidney struc-
tures. In addition, a pilot study was set up to investigate the 
expression of the CPM protein in RCC specimens. CPM 
and EGFR expression, as well as CPM/EGFR coexpression 
in normal kidney, RCC, and other renopathological condi-
tions, was analyzed by multiplex histological analysis of 
eight separate samples and by single immunohistochemis-
try staining of a tissue microarray (TMA).

Materials and Methods
Immunohistochemical Staining of Normal 
and RCC-Diseased Human Kidney Tissue

Approval from the University of Antwerp institutional ethics 
committee was obtained for the use of human material in all 
staining experiments. Human kidney tissue was obtained 
from nephrectomies performed upon oncological indication 
(n=12). Anonymized tissue samples were obtained from the 
Laboratory of Pathology (Middelheimziekenhuis, Antwerp, 
Belgium). Tissue specimens of RCC patients (n=8) were 
placed in 4% neutral buffered formalin within 5 min after 
removal from the patient. The total fixation time was 6 hr 
minimum and did not exceed 48 hr. Subsequently, samples 
were processed into paraffin. Tissue slices of 5 µm thickness 
were cut. Initial immunohistochemical stainings (n=4) were 
performed manually (cf. Supplemental Materials). All other 
stainings were performed using the following automated 
staining protocol. Immunohistochemical staining was per-
formed using the Ventana BenchMark XT platform (Roche; 
Basel, Switzerland): Slides were dewaxed using EZ Prep; for 
CPM detection, epitope retrieval using cell conditioning  
buffer (CC1) was performed, whereas EGFR detection 
required proteolytic pretreatment with Protease 1. Sections 
were incubated for 32 min with rabbit anti-human CPM 
polyclonal antibodies (1:40; Sigma-Aldrich, St. Louis, MO) 
or mouse anti-human EGFR monoclonal antibodies 
(CONFIRM EGFR, clone 3C6, 1:40; Ventana Medical 
Systems, Roche). Signals were amplified and detected using 
the ultraview Universal DAB detection kit (Ventana Medical 
Systems, Roche). Sections were counterstained for 4 min 
using hematoxylin II. Bluing reagent was applied post coun-
terstain, after which slides were coverslipped. Antibodies 
were diluted in antibody diluent. Washes were performed 
using reaction buffer. All reagents were from Ventana 
Medical Systems (Roche) except for the primary anti-CPM 
antibodies. As a negative control for CPM and EGFR anti-
bodies, rabbit (DAKO; Glostrup, Denmark) or mouse 
(Ventana Medical Systems, Roche) immunoglobulins were 
used instead of the primary antibodies. Sections were ana-
lyzed using the Axiplan 2 Imaging microscope (motorized 
stage, Axiocam camera) from Zeiss (Wetzlar, Germany).
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Double Labeling Immunofluorescence Experiments

Double labeling immunofluorescence stainings of RCC tis-
sue samples (and the normal-appearing tumor-adjacent tis-
sue that was present) (n=8) were performed on the 
DISCOVERY XT automated stainer from Ventana (Roche). 
After dewaxing, the tissue sections were incubated with a 
mix of primary antibodies to be subsequently visualized by 
Cy3-conjugated goat anti-rabbit and Alexa Fluor 488- 
conjugated goat anti-mouse or donkey anti-sheep antibod-
ies (Jackson Immunoresearch Laboratories, West Grove, 
PA, and Invitrogen, Carlsbad, CA, respectively) and coun-
terstained using Hoechst 33342 (Molecular Probes, 
Invitrogen). To enhance penetration of immunoreagents, 
tissue was permeabilized using 0.1% Triton X-100 (Perbio 
Science, Aalst, Belgium). The following primary antibodies 
were used: rabbit anti-human CPM polyclonal antibodies 
(1:150; Sigma-Aldrich), mouse anti-human CD31 mono-
clonal antibodies (clone 1A10, 1:40; Ventana Medical 
Systems, Roche), sheep anti-human nephrin polyclonal 
antibodies (1:25; R&D Systems, Minneapolis, MN), mouse 
anti-human vimentin monoclonal antibodies (CONFIRM, 
clone V9, 1:40; Ventana Medical Systems, Roche), mouse 
anti-human CD68 monoclonal antibodies (CONFIRM, 
clone KP-1, 1:40; Ventana Medical Systems, Roche), and 
mouse anti-human podoplanin monoclonal antibodies 
(clone D2-40, 1:200; DAKO). Primary antibodies were 
diluted in HGX diluent (HistoGeneX; Berchem, Belgium) 
or DAKO REAL diluent (DAKO), whereas secondary anti-
bodies were diluted in DISCOVERY Antibody Diluent 
(Ventana Medical Systems, Roche). As a negative control 
for the primary antibodies, rabbit (DAKO), mouse (Ventana 
Medical Systems, Roche), or sheep (DAKO) immuno-
globulins were used instead of the primary antibodies. 
Vimentin was used as a molecular biomarker for RCC. The 
RCC type was determined by histopathological evaluation 
of hematoxylin phloxine saffron-stained paraffin tissue sec-
tions. The vimentin load, macrophage load, and vascular 
load (low, moderate, or high) were assessed by histopatho-
logical evaluation of tissue sections stained immunofluo-
rescently for vimentin, CD68, and CD31, respectively. 
Co-localization of CPM with CD31, vimentin, or CD68 
was scored as follows: – to (+), no to very weak; +, weak; 
++, strong; and +++, very strong co-localization. Sections 
were analyzed using the Axiplan 2 Imaging microscope.

Tissue Microarray Analysis
The expression of CPM and EGFR in various renal tumors, 
diseases, and (tumor-adjacent) healthy kidney tissue was 
determined using immunohistochemistry and the TMA 
technique. The formalin-fixed paraffin-embedded TMA 
LS-SKICA31 was purchased from Lifespan Biosciences 
(Seattle, WA). The TMA included cores (diameter 1 mm, 

thickness 5 µm) of 104 cases, the characteristics of which 
are presented in Table 1. Tumors were morphologically 
characterized based on the World Health Organization clas-
sification of tumors (Eble et al. 2004). All tumor specimens 
were graded by MD pathologists based on cellular differen-
tiation and assigned grading scores as follows: GX, grade 
could not be assessed (undetermined grade); G1, well dif-
ferentiated (low grade); G2, moderately differentiated 
(intermediate grade); G3, poorly differentiated (high grade); 
G4, undifferentiated (high grade) (Lifespan Biosciences). 
Immunohistochemical detection of CPM and EGFR was 
carried out using the same protocol as described above, 
except for the incubation time with primary antibodies, 
which was 2 hr. Whole slide images of the TMA slides 
stained for CPM and EGFR were made with a MIRAX 
automatic slide scanner (Zeiss; Oberkochen, Germany). 
The MIRAX images were viewed and annotated with the 
Panoramic MIRAX viewer (Zeiss). The analysis of the 
CPM and EGFR stainings was done with the high-end 
object-based image analysis program Tissue Studio 2.0 
(Definiens; München, Germany). After automatic detection 
and matching of the tissue cores, segmentation of the cores 
was performed in basic units based on shape, morphology, 
and color information of the images. The correctness of the 
automatic selection of the regions of interest was verified 
on each set of images and manually adapted if necessary. 
Epithelial tissue, tumor, and interstitial tissue were identi-
fied in the segments (cytoplasm/membrane composer solu-
tion). Cellular analysis included nuclei detection, detection 
of staining in epithelial or tumor cells and at their cell 
membranes, and cell classification. Color-coded classes 
were created to classify negative, weak, moderate, or 
strongly stained cells. Exclusion criteria were chosen to 
remove small nuclei or interstitial cells from the analysis. 
Results are reported as the mean immunohistochemical 
marker intensity of the cells (mean immunohistochemistry 
[IHC] intensity), the % of marker-stained cells (tumor or 
epithelium), the histological score (H-score), and the global 
score. For CPM, a mean % of stained tumor or epithelial 
cells was determined that was equivalent to the H-score. 
EGFR staining was almost exclusively present on tumor 
cell membranes and varied in intensity. The % of cells with 
negative, low, medium, or high EGFR staining was deter-
mined for each core. Based on these results, the H-score of 
the cells within a core was calculated. Based on the 
H-scores, four classes were distinguished: negativity 
(H-score <50), weak positivity (50 < H-score < 100), mod-
erate positivity (100 < H-score < 200), and strong positivity 
(200 < H-score < 300) for the investigated marker. A global 
score for the CPM or EGFR staining was attributed to each 
core as follows: H-score < 50 = global score of 0, 50 < 
H-score < 100 = global score of 1, 100 < H-score < 200 = 
global score of 2, and 200 < H-score < 300 = global score 
of 3. The data obtained from the TMA analyses were 



CPM in Human Kidney and Renal Cell Carcinoma 221

merged with the histopathological information provided by 
Lifespan Biosciences. MedCalc for Windows, version 
11.2.1.0 (MedCalc Software; Mariakerke, Belgium), was 
used to make frequency distribution histograms of the 
H-score of the EGFR stainings in the various tumor enti-
ties. To compare the CPM or EGFR expression between 
specific diagnosis groups, statistical analysis (Mann-
Whitney U test) was performed using the mean H-score of 
duplo cores. We made use of the new diagnoses groups 
described in Table 2, except for the normal and adjacent 
normal groups, which were kept separate. Collecting duct 
carcinoma, undifferentiated carcinoma, hyperplasia, pyelo-
nephritis, and interstitial nephritis samples were not 
included in the statistical analysis because there were insuf-
ficient cores present on the TMA.

Table 1. Characteristics of the Patient Population of Tissue Microarray LS-SKICA31 (Lifespan Biosciences; Seattle, WA)

Renal Condition Diagnosis Type Diagnosis Age, Mean ± SD Total (n) Male (n) Female (n)

All cases 51 ± 13 104 72 32
All tumoral cases 49 ± 16 82 59 23
 Malignant 52 ± 11 67 50 17
 Clear cell carcinoma 59 ± 10 30 22 8
 Collecting duct carcinoma 52 ± 24 2 2 0
 Squamous cell carcinoma 57 ± 5 5 3 2
 Papillary renal cell carcinoma 42 ± 14 10 9 1
 Transitional cell carcinoma 65 ± 12 18 13 5
 Carcinoma (undifferentiated) 37 ± 1 2 1 1
 Tumor  
 Wilms tumor (nephroblastoma) 14 ± 17 10 5 5
 Metastatic 56 ± 11 5 4 1
 Metastatic clear cell carcinoma 

(retroperitoneum)
44 ± 1 2 1 1

 Metastatic clear cell (adrenal 
gland)

66 ± 8 2 2 0

 Metastatic chromophobe 
carcinoma (pelvic cavity)

58 1 1 0

All nontumoral, 
diseased cases

57 ± 7 7 2 5

 Diseased 62 ± 10 2 1 1
 Hyperplasia (renal tubule) 55 1 1 0
 Severe hyperplasia, atypical 

(transitional epithelium)
68 1 0 1

 Inflammatory 54 ± 3 5 1 4
 Chronic pyelonephritis 52 1 0 1
 Acute pyelonephritis 52 1 0 1
 Interstitial nephritis 57 ± 6 3 1 2
All normal renal 

cases Benign normal
46 ± 11 15 11 4

 Adjacent normal 54 ± 15 10 7 3
 Normal 39 ± 10 5 4 1

Table 2. Recoding of Diagnoses of the Tissue Microarray Cores 
for Cluster Analysis

Original Diagnosis Code New Diagnoses Group

Normal Normal or adjacent
Adjacent normal  
Transitional cell carcinoma Transitional
Transitional cell carcinoma with necrosis  
Transitional cell carcinoma with atypical 

hyperplasia
 

Squamous cell carcinoma Squamous
Squamous cell carcinoma with necrosis  
Metastatic chromophobe carcinoma Metastatic
Metastatic clear cell carcinoma  
Papillary renal cell carcinoma Papillary
Clear cell carcinoma Clear cell
All other categories Other
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Statistical Analysis

Statistical analyses were carried out using the statistical 
software package SPSS 16.0 (SPSS, Inc., an IBM Company, 
Chicago, IL). Differences were considered significant at 
p<0.05. The applied statistical tests are reported in the 
Results section. Clustering was performed using the parti-
tioning around medoids method, implemented in the pack-
age “cluster” from the statistical package R, version 2.13 
(Gentleman and Ihaka 2002). Cluster analysis was per-
formed using the H-scores obtained for the CPM and EGFR 
staining in each core. Only individuals with full data were 
included. Measurements were standardized before calculat-
ing the dissimilarities. The number of clusters was set to 
four. To study the distribution of the different diagnoses 
across the four clusters, we recoded the diagnoses as indi-
cated in Table 2.

Results
Carboxypeptidase M is abundantly expressed in human 

healthy kidney. The localization of CPM in human healthy 
kidney is presented in Figs. 1 to 3. In renal corpuscles (Fig. 
1A, cortex), CPM positivity was observed at the parietal 

epithelium underneath the Bowman’s basement membrane. 
Intraglomerular CPM positivity was detected. CPM stain-
ing was observed in the cytoplasm of tubular epithelial cells 
(TECs). The apical pole of proximal TECs (brush borders) 
showed a pronounced CPM expression. There was no dif-
ference in CPM staining intensity between S1, S2, and S3 
proximal tubuli (determined with CPM/PAS staining). A 
marked expression of CPM, at the apical surface in particu-
lar, was detected in distal convoluted tubuli and collecting 
ducts (identified using epithelial membrane antigen [EMA]; 
cf. Supplemental Materials, manual staining protocol). In 
some proximal and distal tubuli, luminal staining was 
observed, which likely corresponds to shedded CPM. CPM 
expression was even more abundant in the renal medulla 
(Fig. 1B, medulla). Strong CPM positivity was seen in the 
thick ascending limbs of the loop of Henle and the collect-
ing ducts (identified by their morphology and strong apical 
EMA positivity). CPM positivity was particularly intense at 
the apical surface of the thick ascending limbs of the loop of 
Henle. Cytoplasmic (diffuse), basolateral, and luminal 
staining (shedded CPM) was also observed. The thin 
ascending and descending limbs of the loop of Henle 
showed a moderate to weak CPM expression. In both the 
renal cortex and medulla, peritubular capillaries 

Figure 1. Immunohistochemical localization of carboxypeptidase M (CPM) in human healthy kidney tissue (n=4). Serial paraffin sections 
of healthy kidney were stained for CPM, epithelial membrane antigen (EMA), or CPM/periodic acid-Schiff stain (PAS) (manual stainings; cf. 
Supplemental Materials). CPM was detected using mouse anti-human CPM antibodies (clone 1C2, 1:30). Insets show selected regions at 
higher magnification. EMA is a specific apical surface marker of DT and CD in the cortex and of CD and TAL in the medulla. (A) Renal 
cortex. In the overview photographs, a dotted line shows an example of CPM immunoreactivity in PT, whereas in the insets, it delineates 
a glomerulus. (B) Medulla. Scale bar size = 50 µm, with insets 20 µm. CD, collecting duct; DL, descending limb of the loop of Henle; EMA, 
epithelial membrane antigen; G, glomerulus; PT, proximal tubule; tAL, thin ascending limb of the loop of Henle; TAL, thick ascending limb 
of the loop of Henle.
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and interstitial cells did not express the CPM protein. No 
staining signals were detected when primary antibodies 
were omitted (data not shown). Figure 2 provides an over-
view of CPM immunohistochemical positivity detected in 
normal-appearing tumor-adjacent renal tissue and tumor 
regions of the RCC patient samples (n=8). In the cortex of 
the “normal” tissue regions, the CPM staining pattern 
(obtained with polyclonal anti-CPM antibodies) was in 
good agreement with that observed in previous experiments 
using the monoclonal anti-CPM antibodies (cf. Supplemen-
tal Materials, manual staining protocol). Tissue sections of 
patient 2 (Fig. 2) did not contain normal-appearing tissue. 
Normal-appearing medulla was only found in tissue sec-
tions of patient 1 and also possessed a comparable CPM 
immunoreactivity.

Immunofluorescent double stainings of normal kidney 
(adjacent to RCC, n=7) confirmed the localization of CPM 
in the different renal structures and cells of the healthy kid-
ney obtained in the immunohistochemical stainings (Fig. 3, 
CPM, panels B, F, J, and N). Again, intense apical staining 
was observed for proximal TECs and distal TECs (Fig. 3, 
CPM, e.g., F and J). The following renal cell-specific CPM 
expression was revealed. In the renal cortex, CPM did not 
co-localize with CD31 (Fig. 3A–D). The CPM protein was 
not expressed on vascular endothelial cells of the glomeru-
lar capillaries and the interstitial vasculature (Fig. 3D, over-
view and inset). Interstitial vascular endothelial cells in the 
renal medulla also did not express CPM (Fig. 3M–P, and 
panel P, inset). CPM was not found in podocytes of the 
glomeruli (Fig. 3E–H) or in lymphatic capillaries that were 
sporadically present in the normal-appearing kidney tissue 
sections (data not shown). Vimentin is a widely expressed 
intermediate filament protein of the cytoskeleton. In the 
normal kidney, vimentin is present in glomeruli, arterioles, 
and some interstitial fibroblasts but not found in tubuli 
(Bravo et al. 2003). Vimentin represents one of the many 
proposed molecular biomarkers in RCC (Rink et al. 2011). 
The presence of vimentin in the “healthy” glomeruli was 

Figure 2. Immunohistochemical staining of carboxypeptidase 
M (CPM) in renal cell carcinoma tissue sections (n=8) and 
normal-appearing tumor-adjacent renal tissue. Panels on the 
left show representative images from normal-appearing renal 
tissue for patients 1 to 8 (cf. Table 3; tissue sections of patient 
2 did not contain normal-appearing tissue). Panels on the right 
show renal cell carcinoma sections. Rabbit anti-human CPM 
polyclonal antibodies were used (1:40). For patient 4, arrows 
indicate examples of apical CPM positivity in primitive tubuli. For 
patient 5, the inset shows an example of the very intense CPM 
immunoreactivity on TAMs. Scale bar size = 100 µm. Scale bar 
size in the inset = 50 µm. RCC, renal cell carcinoma; TAM, tumor-
associated macrophage.
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apparent (Fig. 3I). Although most of the tubuli in the nor-
mal-appearing tumor-adjacent renal tissue samples were 
vimentin negative, strong vimentin positivity was occasion-
ally detected at the basolateral pole of some TECs (Fig. 3I, 
L, overviews and insets). The sporadic but intense tubular 
neoexpression of vimentin likely indicates (pre)neoplastic 
lesions (Ward et al. 1992). Figure 4 highlights some specific 
observations regarding the expression of CPM in normal-
appearing renal tissue. Strong CPM positivity was observed 
at the parietal epithelium of the Bowman’s capsule (Fig. 
4A). Very weak CPM signals were detected in the macula 

densa, whereas juxtaglomerular cells and endothelial cells 
at the vascular pole of the glomeruli were CPM negative 
(Fig. 4B). Finally, CPM presence was detected in intraglo-
merular mesangial cells and the mesangial matrix (Fig. 4C).

Carboxypeptidase M expression is lost in human renal cell 
carcinoma tumor cells, whereas it is abundant in tumor-associated 
foam cells and neovasculature. In this pilot study, eight 
patients, who were diagnosed with RCC, were included 
(Table 3). Immunohistochemical CPM reactivity detected 
in normal-appearing tumor-adjacent renal tissue and tumor 
regions of the RCC patient samples is presented in Fig. 2. In 

Figure 3. Immunofluorescent double stainings of carboxypeptidase M (CPM) and specific markers in human healthy kidney tissue (n=7). 
Paraffin tissue sections were double stained for a specific marker (green fluorescence) and CPM (red fluorescence). Nuclei were stained 
using Hoechst 33342 (blue fluorescence). Merged pictures are also shown. The specific markers that were used are: CD31 (A and M, 
vascular endothelial cells), nephrin (E, podocytes), and vimentin (I, RCC diagnostic marker). CPM was detected using rabbit anti-human 
CPM polyclonal antibodies (1:150). Insets show selected regions at higher magnification. Scale bar size = 50 µm, with insets 20 µm. 
Photographs of the cortex and medulla (indicated on the left) are shown. For panels A to D, E to H, and I to L, glomeruli are indicated 
with a dotted line. Panel D, inset: interstitial and glomerular capillaries, both negative for CPM, are indicated with an arrow and arrowhead, 
respectively. Panel L, inset: CPM/vimentin-positive distal tubuli are indicated with arrows. Panel P, inset: the arrow shows an example of 
a CPM-negative interstitial capillary. CD, collecting duct; DL, descending limb of the loop of Henle; DT, distal tubule; G, glomerulus; PT, 
proximal tubule; RCC, renal cell carcinoma; tAL, thin ascending limb of the loop of Henle; TAL, thick ascending limb of the loop of Henle.
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tumor regions, a classic alveolar growth pattern and clear 
cytoplasm was observed for all clear cell RCC specimens 
(Valera and Merino 2011). Irregular nuclei and perinuclear 
halos were observed in the chromophobe RCC tumor cells 
(Stec et al. 2009). Generally, tumor cells were CPM nega-
tive or weakly positive. However, membrane anchoring of 
CPM on some tumor cells could not be excluded. In tumor 
regions of the tissue sections of patient 4, CPM seemed to 

line the apical side of structures resembling primitive 
tubules (Fig. 2D). In all tumors, strong CPM staining recur-
rently was observed at vascular endothelial cells (except for 
patient 4) and stromal cells (Fig. 2, tumor sections). No 
staining was observed when primary antibodies were 
replaced by irrelevant immunoglobulins (data not shown).

The immunohistochemical observations made for the 
expression of CPM in RCC were confirmed and refined by 

Figure 4. Specific localization sites of carboxypeptidase M (CPM) in human healthy kidney tissue. (A, B) CD31 (green)/CPM (red) 
immunofluorescent double stainings. (C) Nephrin (green)/CPM (red) immunofluorescent double staining. CPM was detected using rabbit 
anti-human CPM polyclonal antibodies (1:150). Nuclei were stained with Hoechst 33342 (blue). (A) CPM localizes to the parietal 
epithelium of the Bowman’s capsule (arrow). The dotted line delineates a glomerulus. (B) The MD (indicated with a dotted line) shows 
very weak CPM positivity, whereas JGs and endothelial cells (CD31 positive) at the vascular pole of the glomerulus are CPM negative. 
(C) Arrows indicate examples of CPM positivity at intraglomerular mesangial cells. Scale bar size = 20 µm. DT, distal tubule; G, glomerulus; 
JG, juxtaglomerular cell; MD, macula densa.

Table 3. Carboxypeptidase M (CPM) Expression and Co-localization with Specific Markers in Renal Cell Carcinoma (RCC) Samples 
(n=8)

Patient 
No. RCC Diagnosis

Vascular load 
(CD31) CPM/CD31 Vimentin Load CPM/Vimentin

Macrophage Load 
(CD68) CPM/CD68

1 Clear cell High – to (+) High + High +
2 Clear cell High + High – to (+)a Low +++
3 Clear cell Moderate – to (+) Very high +++ Moderate +++
4 Clear cell High – to (+) (I–L) High – to (+)a (E–H) High +++ (U–X)
5 Clear cell Moderate – to (+) High – to (+)a (A–D) High +++ (Q–T)
6 Clear cell High +++ (M–P) No Moderate +++
7 Clear cell High +++ High ++ High +++
8 Chromophobe Moderate – to (+) High – to (+)a High +++

The RCC diagnosis; vascular, vimentin, and macrophage load; and the co-localization scores for CPM and the markers CD31, vimentin, or CD68 were 
determined as described in the Materials and methods section. For some patients, examples of co-localization are depicted in Fig. 5. The corresponding 
photograph panels are indicated in bold in parentheses behind the co-localization scores.
aAlthough co-localization spots were observed, CPM and vimentin were usually found alongside each other in the vasculature and stromal cells.

Figure 5. Immunofluorescent double stainings of carboxypeptidase M (CPM) and specific markers in renal cell carcinoma tissue samples 
(n=8). Paraffin sections of renal cell carcinoma tissue specimens were double stained for a specific marker (green fluorescence) and CPM 
(red fluorescence). Nuclei were stained using Hoechst 33342 (blue fluorescence). Merged pictures are also shown. The specific markers 
that were used are vimentin (A and E, RCC diagnostic marker), CD31 (I and M, vascular endothelial cells), CD68 (Q and U, macrophages), 
and podoplanin (Y, lymphatic capillaries). Insets show selected regions at higher magnification. Scale bar size = 50 µm, with insets 20 µm. 
For panels E to H: scale bar size = 20 µm, with insets 10 µm. Panels E to H and I to L: macrophages are indicated with an arrow and 
“MAC.” Panel D, inset: CPM/vimentin co-localization spots (arrows). Panel H, inset: the arrow shows apical CPM staining in a malignant 
transforming tubule. Panel P, inset: examples of CPM/CD31 co-localization (arrows). Panel X, inset: example of small macrophages with 
CD68 > CPM positivity (arrowhead) and of big foamy macrophage cells with CPM > CD68 positivity (arrow). MAC, macrophage; RCC, 
renal cell carcinoma.
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examining the co-localization of CPM and specific cell 
markers in double immunofluorescent staining experiments 
(Fig. 5). Vimentin was used as a diagnostic marker for RCC. 
Table 3 summarizes the co-localization data. All RCC cases 
contained high to very high levels of vimentin, except for 
this tissue from patient 6, which lacked vimentin positivity. 
Vimentin positivity was observed at the rich microvascular 
network and the stroma (e.g., patient 5, Fig. 5A, D). For 
patient 4, a distinct vimentin staining pattern was detected 
(Fig. 5E, H). A very intense vimentin positivity was observed 
at the delicate vascular network and the branching connec-
tive tissue that typically separate nested tumor cells in these 
tumors (Valera and Merino 2011). Also, vimentin high-
lighted the well-demarcated tumor cell membranes (Valera 
and Merino 2011). In all other cases (except for the vimentin 
negative clear cell carcinoma case), CPM and vimentin 
located alongside each other in the micro- (and macro-) vas-
culature and stromal cells. In addition, clear CPM/vimentin 
co-localization spots were detected. This was also observed 
in the case of chromophobe RCC (data not shown).

The vascular load of the RCC samples was moderate to 
high, as determined by CD31 staining of the vasculature 
(Table 3). Sporadic (“spots”) to no co-localization of CPM 
with CD31 was found in clear cell RCC tissue samples 
(Table 3 and, e.g., patient 4, Fig. 5I–L) and the chromo-
phobe RCC case. Interestingly, clear CPM/CD31 double 
positivity was observed in two cases of clear cell carcinoma 
(patient 6, Fig. 5M–P, and patient 7) that were both highly 
vascularized (Table 3).

Tumor-associated macrophages (TAMs) present in the 
RCC samples showed a very intense ring-like staining pat-
tern for CPM, which indicated its membrane-bound pres-
ence (Fig. 5Q–T). Noteworthy, some normal-appearing 
RCC-adjacent tissue samples showed macrophage infiltra-
tion (data not shown). Macrophages showed distinct staining 
for CD68 and/or CPM that appeared to be dependent on the 
cell size and foamy-like appearance. Small monocytes/ 
macrophages mainly contained CD68, whereas large, foamy-
like macrophages reacted strongly with CPM antibodies. Not 
all small macrophages were CPM positive. CD68 was 
detected on foam cells, but staining was usually less intense 
compared with that of small macrophages. CPM covered the 
macrophage cell surface and was unambiguously associated 
with the membrane. CD68 showed a scattered staining pat-
tern, consistent with its expected localization. In TAMs, 
CPM and CD68 staining intensity varied according to the 
macrophage size and foamy-like appearance. CPM was 
extensively present in large, lipid-laden foam cells, whereas 
CD68 positivity appeared to be stronger in small macro-
phages (Fig. 5U–X, and X, overview and inset). In contrast 
to the infiltrating macrophages of normal-appearing tumor-
adjacent tissue, all TAMs showed CPM reactivity.

Lymphatic capillaries were scarce in RCC and localized 
solely to the tumor margin near the fibrous capsule. Lymph 

vessels showed no CPM reactivity (Fig. 5Y–AB). In all 
experiments, no staining was observed when primary anti-
bodies were replaced by irrelevant immunoglobulins (data 
not shown).

Tissue microarray analysis of renal cell carcinoma and other 
renal condition specimens reveals the presence of carboxypepti-
dase M in papillary renal cell carcinoma and strong epidermal 
growth factor receptor presence in squamous cell carcinoma 
specimens. The expression of CPM and EGFR in various 
renal tumors, diseased tissue, and (tumor-adjacent) healthy 
kidney tissue (cf. Table 1) was determined using TMA 
immunohistochemical staining and analysis. EGFR was 
included in the analysis for the reasons described earlier. 
The mean IHC CPM intensity of the tumor or epithelial 
cells was usually stronger in cores of normal and nephritic 
samples compared with the other TMA samples (Fig. 6A). 
In hyperplasia, the mean IHC CPM staining intensity was 
decreased compared with normal tissue. In general, the 
CPM staining intensity was less in tumor cores than in nor-
mal tissue cores. Only in papillary RCC was a stronger 
CPM staining intensity present that was similar to that in 
normal tissue. Similar differences were present regarding % 
of CPM-stained (tumor or epithelial) cells (Fig. 6B). CPM 
expression in tumor-adjacent normal tissue did not differ 
statistically from that in normal kidney (p>0.05). Only in 
cores of normal tissue, nephritis, and papillary RCC was a 
high percentage of CPM-stained cells (thus a high H-score) 
present. The CPM expression in papillary RCC specimens 
was statistically different from that of all other tumor groups 
(p<0.05 or p<0.001). In contrast, there was no statistically 
significant difference when its H-score was compared with 
normal or normal-adjacent groups (p>0.05). In hyperplasia 
and all other tumor cores, less than 50% of the cells were 
positive for CPM. CPM staining in all tumor groups (except 
for the papillary RCC group) was statistically lower than 
that in normal kidney (p<0.05). For representative stainings 
of CPM in renal cell carcinoma TMA cores and other renal 
conditions, see Suppl. Fig. S1 and Suppl. Text T1.

The averaged EGFR staining results are summarized in 
Fig. 7. Plotting of the mean IHC EGFR membrane staining 
intensity (Fig. 7A, tumor or epithelial cells) and the H-score 
of these cells (Fig. 7B) against the different renal diagnoses 
revealed a weak staining for EGFR in normal tissue and 
adjacent normal tissue. EGFR expression did not differ sta-
tistically between these two groups (p>0.05). Interestingly, 
in hyperplasia, the mean H-score was higher than that in 
normal kidney tissue. In cores with pyelonephritis and 
interstitial nephritis, EGFR membrane staining was weak. 
The averaged results of the different tumor types demon-
strate that the strongest EGFR staining was present in squa-
mous cell carcinoma. The mean H-score for the squamous 
cell carcinoma group was significantly enhanced compared 
with all other renal conditions (p<0.05, with the exception 
of papillary RCC, p=0.054). The averaged results of the 
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Figure 6. Analysis of carboxypeptidase 
M (CPM) staining in tissue cores of tissue 
microarray (TMA) LS-SKICA31 (Lifespan 
Biosciences, Seattle, WA). Plots of the 
mean immunohistochemistry (IHC) CPM 
intensity (A) and mean % CPM-stained cells 
(tumor or epithelial cells, B) with respect 
to the diagnosis. Non-tumoral renal 
disease groups and normal kidney groups 
were grouped at the end of the charts. 
Data points represent the average value 
of two cores/patient. The median value is 
indicated by the vertical line in the middle 
of the box, which represents the 25th and 
75th percentiles. The error bars on the box 
indicate the range of the data.
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Figure 7.  Analysis of epidermal 
growth factor receptor (EGFR) staining 
in tissue cores of tissue microarray 
(TMA) LS-SKICA31 (Lifespan 
Biosciences, Seattle, WA). Plots of the 
mean immunohistochemistry (IHC) 
EGFR intensity (membrane, A) and 
histological score (B) with respect 
to the diagnosis. Non-tumoral renal 
disease groups and normal kidney 
groups were grouped at the end of 
the charts. Data points represent 
the average value of two cores/
patient. The median is indicated by 
the vertical line in the middle of the 
box, which represents the 25th and 
75th percentiles. The error bars on 
the box indicate the range of the data.



230  Denis et al.

other tumor types show that much less EGFR staining was 
present in the respective cores. However, the EGFR stain-
ing results of individual samples within a tumor type dif-
fered considerably. There was no significant difference 
between the mean H-score of the normal kidney group and 
that of the Wilms tumor, papillary RCC, or metastatic group 
(p>0.05). Clear cell carcinoma and transitional cell carci-
noma showed (somewhat) higher EGFR expression when 
compared with normal kidney (p=0.029 and p=0.004, 
respectively). For representative stainings of EGFR in renal 
cell carcinoma TMA cores and other renal conditions, see 
Suppl. Fig. S2–S3 and Suppl. Text T2.

Association of carboxypeptidase M and epidermal growth 
factor receptor staining with tumor grade and pathological 
tumor classification in renal cell carcinoma and other renal con-
ditions. Using the Jonckheere–Terpstra non-parametric test, 
associations between the H-score and increasing tumor 
grade or pathological tumor classification (“T”-score of 
TNM classification) were analyzed (Table 4 and Fig. 8). 
When all diagnoses groups (with TNM classification and/or 
tumor gradation) were compared, an overall association 
between the H-score of EGFR and the tumor grade of the 
samples was found (p=0.009). Tumor samples with a higher 
tumor grade thus systematically possessed a higher EGFR 
H-score. This association was not observed for the CPM 
H-score. No overall association between the CPM or EGFR 
H-score and increasing pathological tumor classification of 
the specimens was detected (p>0.05). Within clear cell car-
cinoma specimens, the EGFR H-score was significantly 
associated with increasing tumor grade (p=0.027), whereas 
within transitional cell carcinoma samples, a significant 
association between the EGFR H-score and increasing 
pathological tumor classification (p=0.022) or tumor grade 

(p=0.046) was detected. A significant association between 
the CPM H-score and increasing tumor grade was only seen 
within the clear cell carcinoma group (p=0.022). An asso-
ciation between the CPM or EGFR H-scores and the patho-
logical lymph node status or clinical metastasis classification 
(“N”- and “M”-score of TNM classification) could not be 
determined because almost all cases were N0 and M0.

Carboxypeptidase M and epidermal growth factor receptor 
are simultaneously expressed in papillary renal cell carcinoma 
but possess divergent subcellular localizations. An overall cor-
relation between the H-scores of the EGFR and the CPM 
stainings did not exist (Pearson correlation coefficient r = 
–0.1044, p=0.142). However, a more detailed representa-
tion of the H-scores of both stainings illustrates the exis-
tence of some subpopulations in the whole cluster of data. 
Therefore, cluster analysis was performed using the 
H-scores for CPM and EGFR (cf. the Materials and Meth-
ods section). The number of clusters was set to four (Table 
5). Table 6 shows a cross-tabulation of the new diagnosis 
groups (cf. the Materials and Methods section) versus the 
clusters. Figure 9 depicts the scatter diagram of the EGFR 
H-score plotted against the CPM H-score. The results dem-
onstrate that normal or adjacent tissues were mainly found 
in cluster 4 (high CPM/low EGFR), with a few exceptions 
in cluster 3. The cores with normal or adjacent normal tis-
sue were almost negative for EGFR staining, whereas they 
did have a weak CPM staining (illustrated in Fig. 9, black 
circle). In nearly all tumor types, the CPM staining was less 
than that in normal tissue (cluster 1 or 2), whereas the EGFR 
staining was negative, weak, or moderately strong. Only 
one tumor group (i.e., the papillary RCC group) contained 
both, although weak (50 < H-score < 100), CPM and EGFR 
staining (Fig. 9, green circle). Papillary RCCs were found 

Table 4. Associations of EGFR H-Score or CPM H-Score with Increasing Pathological Tumor Classification (T) and Tumor Grade in 
Renal Cell Carcinoma

EGFR H-Score, p Value CPM H-Score, p Value

 
T Classification, T1 < T2 

< T3 < T4
Tumor Grade, G1 < G2 

< G3 < G4
T Classification, T1 < T2 

< T3 < T4
Tumor Grade, G1 < G2 

< G3 < G4

All diagnoses 0.009  
Clear cell carcinoma 0.027 0.022
Collecting duct carcinoma ND ND ND ND
Squamous cell carcinoma 0.007  
Wilms tumor ND ND
Papillary renal cell carcinoma ND ND
Transitional cell carcinoma 0.022 0.046  
Undifferentiated carcinoma ND ND ND ND
Metastatic renal cell carcinoma ND ND ND ND

Only the p values of significant associations determined using the non-parametric Jonckheere-Terpstra test are shown. CPM, carboxypeptidase M; EGFR, 
epidermal growth factor receptor; ND, not determined.
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only in clusters 3 and 4 (Table 6). Clear cell carcinoma was 
mostly, but not exclusively, found in clusters 1 and 2. 
Hence, three subpopulations could be discerned in the scat-
ter diagram of the EGFR and CPM H-scores: normal tissue, 
papillary RCC, and all other tumors (Fig. 9). Another sub-
population might be that of the squamous cell tumors. These 
tumor cells have a high EGFR expression and a low CPM 
expression (cluster 1) (Fig. 9, blue circle).

The subcellular localizations of CPM and EGFR in 
papillary renal cell carcinoma were determined using the 
high-end object-based image analysis program Tissue 
Studio 2.0, as defined in the Materials and Methods sec-
tion. This analysis classified the CPM staining as cyto-
plasmic, whereas EGFR was detected at the cell membrane. 
Visual inspection of the core stainings confirmed this 
localization pattern.

Figure 8. Association of 
epidermal growth factor receptor 
(EGFR) and carboxypeptidase 
M (CPM) staining with tumor 
grade or pathological tumor 
classification (T). (A) EGFR-stained 
cores. (B) CPM-stained cores. The 
TMA core coordinates, the tumor 
grade, and/or pathological tumor 
classification are indicated at the 
lower right of each core. The 
diagnosis of the cores is indicated 
on the left. Scale bar size =  
200 µm.
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Discussion

Although the kidney has generally been accepted as an 
important source of CPM, data regarding the expression of 
CPM in this organ are limited and scattered in the literature. 
However, a detailed insight into the localization of CPM (or 
any other protein) in the kidney is a prerequisite for the 
elucidation of its renal-associated function(s). Moreover, 
the knowledge of CPM expression in healthy tissue enables 
a comparison to be made with expression data obtained in 
diseased tissue and can lead to hypotheses regarding the 
implication of CPM in disease-specific processes.

Previously, Skidgel et al. purified CPM from human 
urine and suggested the kidney as the source for urinary 
CPM (Skidgel, Davis, and Erdos 1984; Skidgel, Johnson, 
and Erdos 1984). The results of this study demonstrate the 
broad distribution of CPM along the various tubular struc-
tures of the nephron in the normal kidney. The very intense 
staining observed for CPM at the apical surface of the prox-
imal tubuli, distal tubuli, and thick ascending limbs of the 
loop of Henle is synonymous with an extensive and high 
membrane-bound presence of CPM at these sites. Although 
less pronounced, basolateral CPM presence was also 
detected in TECs. The apical localization positions CPM 
particularly well for the enzymatic processing of substrates 
present in the luminal fluid. Apparent luminal CPM positiv-
ity was present in these tubular structures, providing addi-
tional proof for the existence of the soluble form of CPM in 
the luminal fluid. Apart from the pronounced membrane-
associated presence, TECs also showed cytoplasmic CPM 
staining (visualized more clearly in the immunohistochemi-
cal than the immunofluorescence stainings). Cytoplasmic 
CPM signals were independent of the antibodies used to 
detect CPM and the staining protocol, and were not present 
in negative control stainings. This could point toward CPM 
sorting to and trafficking (transcytosis) between the polar-
ized sides of the TECs in vivo. A relatively non-polarized 
distribution of CPM was reported previously for MDCK 
cells (McGwire et al. 1999), which likely originate from 
distal TECs. However, McGwire et al. (1999) found higher 

CPM (immunoprecipitated) activity and protein levels at 
the apical MDCK cell domains. Based on the CPM map-
ping results in the normal kidney, CPM appears to cover a 
large part of the apical and basolateral surfaces of the differ-
ent renal tubular structures, which is suggestive of a gener-
alized function for CPM in kidney physiology.

The extensive presence of CPM at the glomerular parietal 
epithelium is reported here for the first time. Unfortunately, 
the precise physiological functions of glomerular parietal 
epithelial cells are poorly understood at this moment (Ohse 
et al. 2009), which makes it difficult to speculate about a 
possible role for CPM in these particular cells.

The immunoreactivity of MAX.1/MAX.11, which appear 
to be identical to CPM, was reported in 1988 in glomerular 
mesangial cells (Andreesen et al. 1988). The results of this 
study confirm the expression of CPM in intraglomerular 
mesangial cells in vivo. Thy1.1 (a mesangial antigen) staining 
experiments failed. Although presumably originating from 
extraglomerular mesangial cells, we could not explicitly iden-
tify the source of the CPM positivity immediately outside of 
the vascular pole of the glomeruli. Interestingly, mesangial 
cells are capable of phagocytosis and receptor-mediated endo-
cytosis (Schlondorff and Banas 2009), properties that are 
shared by macrophages and adipocytes, which both express 
high levels of CPM (CPM presence in adipocytes: our unpub-
lished observation). The presence of CPM on these “engulf-
ing” cells might be indicative of a role in body defense and the 
elimination of aged or dead cells in tissues.

Finally, peritubular capillaries and interstitial cells of the 
normal kidney generally were CPM negative. In some 
immunohistochemical stainings, however, CPM immunore-
activity at vascular endothelial cells was very occasionally 
and locally detected. Because CPM appeared to be exten-
sively present on tumor-associated vasculature, a beginning 
transformation of the “normal,” tumor-adjacent renal tissue 
(visualized by local tubular basolateral vimentin staining) 
could explain these sporadic vascular endothelial CPM 
signals.

Table 5. Cluster Definition for Statistical Analysis of H-Scores of 
CPM and EGFR TMA Stainings

Cluster No.
Position  
in Fig. 9

Median  
H-Score  
(CPM)

Median  
H-Score  
(EGFR)

1 Lower right 17 88
2 Lower left 18 12
3 Upper right 81 96
4 Upper left 83 12

CPM, carboxypeptidase M; EGFR, epidermal growth factor receptor.

Table 6. Cross-tabulation of the New Diagnoses Groups vs. the 
Clusters

Clusters

New Diagnoses Group 1 2 3 4

Normal or adjacent 0 0 2 28
Clear cell 22 27 4 2
Papillary 0 0 14 6
Squamous 5 1 2 0
Transitional 21 5 8 2
Metastatic 4 3 0 3
Other 7 14 6 13

The number of cores lying in cluster 1, 2, 3, or 4 is indicated for each 
diagnosis group.
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The immunostainings for CPM in “normal” kidney were 
reproducible because we obtained very similar (if not iden-
tical) CPM staining patterns in whole tissue sections and 
TMA tissue cores. The reproducibility was further strength-
ened by the use of two immunohistochemical staining pro-
tocols (manual vs. automated), two commercially available 
anti-CPM antibodies targeting different epitopes in CPM, 
and the immunofluorescent co-localization studies. The two 
anti-CPM antibodies were able to detect recombinant, solu-
ble human CPM at the expected protein size in Western 
blotting experiments (data not shown).

The pilot study regarding the expression of the CPM pro-
tein in RCC tissue specimens led to particular findings. 
Although normal TECs expressed high levels of CPM, an 
almost complete loss of the CPM protein was observed in 
malignant cells of the eight RCC tissue specimens. Likely, 
this loss of CPM reflects the loss of epithelial cell polarity and 
dedifferentiation occurring during malignant transformation. 
In tumor regions of patient 4, apical presence of CPM was 
detected at primitive tubules presumably. Because CPM is a 
well-known marker of many mature cells, the enzyme might 
just not be expressed on more immature stadia of the TECs. 

Interestingly, it was suggested that tumor suppressor path-
ways would favor the preservation of cell polarity, whereas 
activated oncogenic pathways would target and disrupt epi-
thelial cell polarity to achieve malignant transformation 
(Royer and Lu 2011). CPM might represent such a polarity 
protein and might thus be downregulated by (an) oncogene(s). 
Whether polarity proteins themselves are tumor suppressors 
remains unanswered at present (Royer and Lu 2011).

The low presence or absence of CPM on tumor cells was 
confirmed in all tumor types investigated by TMA analysis, 
with the exception of papillary RCC. CPM expression was 
also diminished in hyperplasia (although not statistically 
evaluated). The physiological proliferation of cells often 
represents a preneoplastic sign. Since (pyelo)nephritis sam-
ples showed very similar CPM levels when compared with 
normal kidney, the loss of CPM expression appears to be 
tumor associated. As a marker associated with differentia-
tion, loss of CPM could indicate or contribute to the disor-
dered cellular differentiation occurring in cancer. 
Noteworthy, higher CPM staining was detected in clear cell 
carcinoma samples with a higher tumor grade (grade 2 vs. 
grade 1). In this type of RCC, the expression of CPM might 
thus be upregulated along with tumoral dedifferentiation.

In some tumoral tissue cores of clear cell RCC, papillary 
RCC, transitional cell carcinoma, and metastatic tumors, 
cytoplasmic CPM dots were observed, as well as possible 
CPM staining at the Golgi apparatus. The biological signifi-
cance of this unusual CPM localization pattern is not clear 
at the moment.

Indubitably, CPM represents an excellent marker of 
active, foamy macrophages in RCC tissue and is a part of the 
tumoral inflammatory environment. Tsakiris et al. (2012) 
very recently described a consistent expression of CPM in 
lipid-laden tissue macrophages, including foamy macro-
phages of early atherosclerotic plaques, and TAMs in inva-
sive ductal carcinoma and seminoma when related to cell 
destruction and subsequent lipid uptake. Comparable to our 
observations, CD68 (and CD163) antibodies appeared to 
stain other tissue macrophages besides the lipid-laden ones 
as compared with the CPM antibodies (Tsakiris et al. 2012). 
The authors suggested that CPM could promote foam cell 
formation by acting in the lipid regulation process of macro-
phages. Also suggested by Tsakiris et al., possible involve-
ment of CPM in macrophage lipid regulation probably 
would occur via the processing of peptides (directly or indi-
rectly) implicated in lipid uptake/influx. Elevated levels of 
CPM on TAMs were reported earlier in lung adenocarci-
noma, necrotic areas of cerebral gliomas after irradiation, 
and in a case of clear cell RCC with an atypical, sarcoid-like 
granulomatous reaction (Kovacs et al. 2004; Julow et al. 
2007a, 2007b; Tsakiris et al. 2008). Because TAMs accumu-
late into (tumoral) necrotic core regions, CPM might be 
implicated in the process of necrotic debris removal (Julow 
et al. 2007a). TAMs are believed to play a dual role in tumor 
proliferation, progression, and metastatic spread (i.e., 

Figure 9. Scatter diagram of carboxypeptidase M (CPM) and 
epidermal growth factor receptor (EGFR) H-scores obtained 
from tissue microarray (TMA) staining analysis. Each core of 
TMA LS-SKICA31 was attributed a CPM and an EGFR H-score 
according to the immunohistochemical staining results obtained 
for both proteins. Legend (upper right corner): observations made 
for normal or adjacent normal kidney tissue (black dots), clear 
cell carcinoma (red dots), papillary renal cell carcinoma (green 
dots), squamous cell carcinoma (dark blue dots), transitional cell 
carcinoma (light blue dots), metastatic renal cell carcinoma (purple 
dots), and other renal conditions (yellow dots). Subpopulations 
discerned after cluster analysis of the data are indicated with a 
circle (black, normal or normal adjacent; green, papillary RCC; 
blue, squamous cell carcinoma). RCC, renal cell carcinoma.
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pro- and antitumoral activities) (Mantovani et al. 2008; Sica 
et al. 2008). Whether CPM is involved in the “good” or the 
“bad” side of TAMs should be addressed in future studies.

To the best of our knowledge, this study is the first to 
report the expression of CPM in tumor-associated neovascu-
lature. Because CPM appeared as good as absent on normal 
renal vasculature (interstitial and glomerular), this finding 
certainly warrants further investigation in the context of 
tumor-specific angiogenesis target finding. Angiogenesis 
has proven to be a valuable prognostic factor in various 
malignancies. The neovascular expression of CPM might be 
related to higher tumor stages and a worse prognosis. 
Because resistance to angiogenesis inhibitors in RCC often 
develops over time, the identification of new angiogenesis 
markers remains crucial (Tamaskar et al. 2011).

Multiple publications describe an overexpression of EGFR 
in RCC, ranging from 40% to 80% (Eble et al. 2004; Ravaud 
et al. 2007). Yoshida et al. (1994) reported an increased EGFR 
content in RCC compared with normal kidney and found sig-
nificantly higher EGFR expression in RCCs with higher 
nuclear grades. Comparable to these results, lower EGFR 
contents were detected in this study in normal kidney when 
compared with RCC tissue. Although another tumor grading 
system was used here, a significant association between 
EGFR expression and increasing RCC tumor grade was also 
detected. In this study, squamous cell carcinoma specimens 
showed particularly elevated EGFR levels. EGFR overex-
pression has been reported for numerous other carcinoma 
types with squamous cell histology, including head and neck 
cancer and non-small cell lung cancer that are currently treated 
with EGFR antagonists among other medication (Kamath and 
Buolamwini 2006; Ciardiello and Tortora 2008). Analogously 
to the study by Tsakiris et al. (2012) in lung adenocarcinoma, 
coexpression of CPM and EGFR was analyzed in RCC. 
Cluster analysis of CPM and EGFR H-scores revealed coex-
istence only in one tumor group (i.e., papillary RCC). 
However, CPM staining often was observed in the cytoplasm 
of tumor cells and possibly at the Golgi apparatus, whereas 
EGFR showed a predominant membranous staining in tumor 
cells. This makes the interaction between both proteins diffi-
cult. Occasionally, CPM was detected at the EGFR+ tumor 
cell membrane in papillary RCC.

Overall, the detailed mapping of CPM in normal human 
kidney presented in this study forms a valuable foundation 
for the generation of new strategies regarding the role of 
CPM in kidney physiology. The observations made with 
respect to the expression of CPM in RCC hint to a loss of the 
enzyme in all renal tumor types analyzed except for papil-
lary RCC. The (extensive) presence of CPM in the RCC 
neovasculature and its absence in normal renal vasculature 
opens exciting possibilities regarding the identification of a 
specific tumor angiogenic marker and subsequent targeting 
in anticancer therapy. The consistent, elevated expression of 
CPM on lipid-laden macrophages reported in this study and 
recent publications definitely merits further investigation.

Acknowledgments

We thank Professor P. d’Haese, Dr. A. De Beuf, and Dr. A. 
Verhulst and S. Dauwe (Laboratory of Pathophysiology, University 
of Antwerp) for the optimization of the initial manual immunohis-
tochemical CPM stainings.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, author-
ship, and/or publication of this article. C. J. Denis was a doctoral 
fellow of the Flanders Science Foundation (FWO-Vlaanderen).

References

Andreesen R, Gadd S, Costabel U, Leser HG, Speth V, Cesnik B, 
Atkins RC. 1988. Human macrophage maturation and hetero-
geneity: restricted expression of late differentiation antigens in 
situ. Cell Tissue Res. 253(2):271–279.

Bravo J, Quiroz Y, Pons H, Parra G, Herrera-Acosta J, Johnson RJ, 
Rodriguez-Iturbe B. 2003. Vimentin and heat shock protein 
expression are induced in the kidney by angiotensin and by 
nitric oxide inhibition. Kidney Int Suppl. 86:S46–S51.

Cheville JC, Lohse CM, Zincke H, Weaver AL, Blute ML. 2003. Com-
parisons of outcome and prognostic features among histologic sub-
types of renal cell carcinoma. Am J Surg Pathol. 27(5):612–624.

Ciardiello F, Tortora G. 2008. EGFR antagonists in cancer treat-
ment. N Engl J Med. 358(11):1160–1174.

Cohen D, Lane B, Jin T, Magi-Galluzzi C, Finke J, Rini BI, 
Bukowski RM, Zhou M. 2007. The prognostic significance of 
epidermal growth factor receptor expression in clear cell renal 
cell carcinoma: a call for standardized methods for immuno-
histochemical evaluation. Clin Genitourin Cancer. 5(4):264–
270.

Eble JN, Sauter G, Epstein JI, Sesterhenn IA, eds. 2004. World 
Health Organization classification of tumors: pathology and 
genetics of tumours of the urinary system and male genital 
organs. Lyon, France: IARC Press.

Ferlay J, Parkin DM, Steliarova-Foucher E. 2010. Estimates of 
cancer incidence and mortality in Europe in 2008. Eur J Can-
cer. 46(4):765–781.

Gentleman R, Ihaka R. 2002. R, version 2.13. Vienna, Austria: 
The R Foundation for Statistical Computing. www.r-project.
org. Accessed January 5, 2012.

Goel S, Hidalgo M, Perez-Soler R. 2007. EGFR inhibitor-mediated 
apoptosis in solid tumors. J Exp Ther Oncol. 6(4):305–320.

Hamai K, Ikeda R, Sumi H, Mihara H. 1990. Carboxypeptidase 
activity in human urine from healthy subjects and renal dis-
ease patients. Clin Chim Acta. 188(3):233–241.

Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. 2009. Cancer 
statistics, 2009. CA Cancer J Clin. 59(4):225–249.

Julow J, Szeifert GT, Balint K, Nyary I, Nemes Z. 2007a. The 
role of microglia/macrophage system in the tissue response 



CPM in Human Kidney and Renal Cell Carcinoma 235

to I-125 interstitial brachytherapy of cerebral gliomas. Neurol 
Res. 29(3):233–238.

Julow J, Szeifert GT, Balint K, Nyary I, Nemes Z. 2007b. Tissue 
response to iodine-125 interstitial brachytherapy of cerebral 
gliomas. Prog Neurol Surg. 20:312–323.

Kamath S, Buolamwini JK. 2006. Targeting EGFR and HER-2 
receptor tyrosine kinases for cancer drug discovery and devel-
opment. Med Res Rev. 26(5):569–594.

Kovacs J, Varga A, Bessenyei M, Gomba S. 2004. Renal cell can-
cer associated with sarcoid-like reaction. Pathol Oncol Res. 
10(3):169–171.

Ljungberg B, Cowan NC, Hanbury DC, Hora M, Kuczyk MA, 
Merseburger AS, Patard JJ, Mulders PF, Sinescu IC. 2010. 
EAU guidelines on renal cell carcinoma: the 2010 update. Eur 
Urol. 58(3):398–406.

Mantovani A, Allavena P, Sica A, Balkwill F. 2008. Cancer-related 
inflammation. Nature. 454(7203):436–444.

McGwire GB, Becker RP, Skidgel RA. 1999. Carboxypepti-
dase M, a glycosylphosphatidylinositol-anchored protein, 
is localized on both the apical and basolateral domains of 
polarized Madin-Darby canine kidney cells. J Biol Chem. 
274(44):31632–31640.

McGwire GB, Skidgel RA. 1995. Extracellular conversion of epi-
dermal growth factor (EGF) to des-Arg53-EGF by carboxy-
peptidase M. J Biol Chem. 270(29):17154–17158.

Minner S, Rump D, Tennstedt P, Simon R, Burandt E, Ter-
racciano L, Moch H, Wilczak W, Bokemeyer C, Fisch M,  
et al. 2012. Epidermal growth factor receptor protein expres-
sion and genomic alterations in renal cell carcinoma. Cancer. 
118(5):1268–1275.

Moch H, Sauter G, Buchholz N, Gasser TC, Bubendorf L, Wald-
man FM, Mihatsch MJ. 1997. Epidermal growth factor recep-
tor expression is associated with rapid tumor cell proliferation 
in renal cell carcinoma. Hum Pathol. 28(11):1255–1259.

Ohse T, Pippin JW, Chang AM, Krofft RD, Miner JH, Vaughan 
MR, Shankland SJ. 2009. The enigmatic parietal epithelial cell 
is finally getting noticed: a review. Kidney Int. 76(12):1225–
1238.

Ravaud A, de Clermont H, Pasticier G, Smith D, Vendrely V, 
Maire JP. 2007. Epithelial growth factor receptor (EGFR) 
pathway and renal cell carcinoma. Target Oncol. 2(2):99–105.

Rink M, Chun FK, Robinson B, Sun M, Karakiewicz PI, Ben-
salah K, Fisch M, Scherr DS, Lee RK, Margulis V, et al. 2011. 
Tissue-based molecular markers for renal cell carcinoma. 
Minerva Urol Nefrol. 63(4):293–308.

Royer C, Lu X. 2011. Epithelial cell polarity: a major gatekeeper 
against cancer?r Cell Death Differ. 18(9):1470–1477.

Sauter G, Haley J, Chew K, Kerschmann R, Moore D, Carroll P, 
Moch H, Gudat F, Mihatsch MJ, Waldman F. 1994. Epidermal 
growth factor receptor expression is associated with rapid tumor 
proliferation in bladder cancer. Int J Cancer. 57(4):508–514.

Schlondorff D, Banas B. 2009. The mesangial cell revisited: no 
cell is an island. J Am Soc Nephrol. 20(6):1179–1187.

Sibilia M, Kroismayr R, Lichtenberger BM, Natarajan A, Heck-
ing M, Holcmann M. 2007. The epidermal growth factor 
receptor: from development to tumorigenesis. Differentiation. 
75(9):770–787.

Sica A, Allavena P, Mantovani A. 2008. Cancer-related inflamma-
tion: the macrophage connection. Cancer Lett. 267(2):204–215.

Skidgel RA, Davis RM, Erdos EG. 1984. Purification of a human 
urinary carboxypeptidase (kininase) distinct from carboxypep-
tidases A, B, or N. Anal Biochem. 140(2):520–531.

Skidgel RA, Davis RM, Tan F. 1989. Human carboxypeptidase M: 
purification and characterization of a membrane-bound car-
boxypeptidase that cleaves peptide hormones. J Biol Chem. 
264(4):2236–2241.

Skidgel RA, Johnson AR, Erdos EG. 1984. Hydrolysis of opioid 
hexapeptides by carboxypeptidase N. Presence of carboxypepti-
dase in cell membranes. Biochem Pharmacol. 33(21):3471–3478.

Stec R, Grala B, Maczewski M, Bodnar L, Szczylik C. 2009. 
Chromophobe renal cell cancer: review of the literature and 
potential methods of treating metastatic disease. J Exp Clin 
Cancer Res. 28:134.

Tamaskar I, Dhillon J, Pili R. 2011. Resistance to angiogenesis 
inhibitors in renal cell carcinoma. Clin Adv Hematol Oncol. 
9(2):101–110.

Toi M, Nakamura T, Mukaida H, Wada T, Osaki A, Yamada H, 
Toge T, Niimoto M, Hattori T. 1990. Relationship between 
epidermal growth factor receptor status and various prognos-
tic factors in human breast cancer. Cancer. 65(9):1980–1984.

Tsakiris I, Soos G, Nemes Z, Kiss SS, Andras C, Szanto J, Dezso 
B. 2008. The presence of carboxypeptidase M in tumour 
cells signifies epidermal growth factor receptor expression in 
lung adenocarcinomas: the coexistence predicts a poor prog-
nosis regardless of EGFR levels. J Cancer Res Clin Oncol. 
134(4):439–451.

Tsakiris I, Torocsik D, Gyongyosi A, Dozsa A, Szatmari I, Szanto 
A, Soos G, Nemes Z, Igali L, Marton I, et al. 2012. Carboxy-
peptidase M is regulated by lipids and CSFs in macrophages 
and dendritic cells and expressed selectively in tissue granulo-
mas and foam cells. Lab Invest. 92(3):345–361.

Valera VA, Merino MJ. 2011. Misdiagnosis of clear cell renal cell 
carcinoma. Nat Rev Urol. 8(6):321–333.

Ward JM, Stevens JL, Konishi N, Kurata Y, Uno H, Diwan BA, 
Ohmori T. 1992. Vimentin metaplasia in renal cortical tubules 
of preneoplastic, neoplastic, aging, and regenerative lesions of 
rats and humans. Am J Pathol. 141(4):955–964.

Weber K, Doucet M, Kominsky S. 2007. Renal cell carcinoma 
bone metastasis: elucidating the molecular targets. Cancer 
Metastasis Rev. 26(3–4):691–704.

Yoshida K, Tosaka A, Takeuchi S, Kobayashi N. 1994. Epidermal 
growth factor receptor content in human renal cell carcinomas. 
Cancer. 73(7):1913–1918.

Zeng F, Singh AB, Harris RC. 2009. The role of the EGF family 
of ligands and receptors in renal development, physiology and 
pathophysiology. Exp Cell Res. 315(4):602–610.


