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Abstract
Chronic inflammation presented by chronic kidney disease patients is accompanied by an 

increase in the percentage of CD14+/CD16+ monocytes. The inflammatory activity pro-

duced by these cells provokes the activation and death of endothelial cells, which sug-

gests that these cells may play an important role in the coupling of inflammation and 

endothelial damage in these patients. Therefore, the reduction in CD14+/CD16+ inhibi-

tory monocytes may constitute a therapeutic goal in the treatment of chronic kidney dis-

ease patients. The use of the most effective hemodialysis techniques such as on- line 

hemodiafiltration appears to be a suitable tool for achieving this objective.

Copyright © 2011 S. Karger AG, Basel

Patients suffering from chronic kidney disease (CKD) present a chronic inflam-

matory state of moderate intensity (low- grade inflammation) that appears to 

play an important role in the development of endothelial damage, arteriosclero-

sis and other cardiovascular changes, which are the principal causes of morbid-

ity and mortality in these patients [1].

Monocytes and Disease

In the natural course of the immune response, immunocompetent cells (mainly 

monocytes) generate inflammation as a rapid and efficacious response to patho-

gens. These cells express surface molecules such as the CD14 receptor which, 

D
ow

nl
oa

de
d 

by
: 

U
C

S
F

 L
ib

ra
ry

 &
 C

K
M

   
   

   
   

   
   

   
   

   
   

   
   

 
16

9.
23

0.
24

3.
25

2 
- 

9/
15

/2
01

4 
2:

24
:3

4 
A

M



Evolution of the Concept of Biocompatibility and the Cardioprotective Effect of On- Line HDF 111

once they have combined with the antigen, activate the inflammatory response 

controlled by cytokines and other soluble factors released by activated immune 

cells [2]. When the antigenic stimulus ceases, the production of inflammatory 

cytokines also finishes, generating an anti- inflammatory response in the course 

of which the activated immunocompetent cells die by apoptosis [3]. This bio-

logical mechanism guarantees a controlled response that limits the perpetuation 

of potentially injurious cells. However, when the antigenic stimulus persists (as 

occurs in CKD patients with the uremic toxins and/or the immune stimulation 

associated with the hemodialysis therapy), the inflammatory response is per-

petuated to become a chronic inflammatory response that is damaging [4].

The inflammatory profile observed in CKD patients differs from the stan-

dard inflammation and seems to be largely dependent on mononuclear cell 

activity [5–7]. Chronic inflammation in these patients resembles the inflamma-

tory response described in elderly. This inflammatory response is characterized 

by maintaining a moderate increase in circulating proinflammatory cytokines 

and the presence of a subset of monocytes with a decreased expression of the 

CD14 receptor and the expression of the low- affinity receptor for the immuno-

globulin Fc fraction, FcyRIII (CD16) [8–10].

Chronic Inflammation and CD14+/CD16+ Monocytes

In healthy subjects, peripheral blood monocytes are a heterogeneous population 

of cells characterized by their high level of expression of the CD14 molecule. This 

molecule is the receptor of the bacterial lipopolysaccharide, which is expressed 

in more than 90% of peripheral blood monocytes. However, under pathologi-

cal situations, a different population of monocytes increase in peripheral blood, 

and these irregular cells are characterized to present a variable expression of 

the CD14 molecule and co- express the CD16 molecule. According to the levels 

of expression of these molecules, at least three different subsets of monocytes 

have been described (fig. 1): (1) monocytes with a high level of expression of 

CD14, which do not express CD16 (CD14++/CD16–) that are the usual mono-

cytes found in healthy subjects; (2) CD14++/CD16+ monocytes, a population 

of cells found at higher levels in patients with cardiovascular pathology (stroke, 

infarcts, etc.) [11], and (3) inflammatory CD14+/CD16+ monocytes that are 

found in patients with diseases associated with chronic inflammation including 

CKD patients [8–10].

A large number of studies have shown an increase in the percentage of 

CD14+/CD16+ monocytes in CKD patients (these may make up as much 

as 30% of circulating monocytes in these patients) as occurs in other 

pathological situations. It has been suggested that the increase in CD14+/

CD16+  monocytes plays a principal role in the chronic inflammatory dis-

ease associated with CKD, in contrast to that observed in the usual CD14++/
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CD16– monocytes or in CD14++/CD16+ monocytes (fig. 2). CD14+/CD16+ 

are activated cells that have phenotypical characteristics associated with 

monocyte activation, such as high expression of HLA- DR antigens or adhe-

sion molecules, and  contain high levels of preformed inflammatory cytokines 

in their cytoplasms [12, 13].
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Fig. 1. Representative flow cytometry analysis of CD14 monocytes in a CKD patient. The 

CD14++/CD16– cells (R1) were defined as monocytes expressing CD14, but not CD16 

(lower right quadrant). The CD14++/CD16– cells (R2) were defined as monocytes express-

ing CD16 and either high levels of CD14 (upper right quadrant). The CD14+/CD16+ cells 

(R3) were defined as monocytes expressing CD16 and either low levels of CD14 (upper 

left quadrant). For determination of CD14/CD16 cells, monocytes, were gated and labeled 

using 2- color fluorescence phycoerythrin (PE)- conjugated CD16 antibody, and fluores-

cein isothiocyanate (FITC)- conjugated CD14. R1 = CD14++/CD16–; R2 = CD14++/CD16+; 

R3 = CD14+/CD16+.
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Fig. 2. Percentage of CD14+/CD16+ monocytes (a) and levels of endothelial microparti-

cles (b) were studied by flow cytometry in 10 healthy controls and 14 CKD patients. 

Patients were dialyzed following the sequence: HF (basal), HDF (4 months), and HF- HD (4 

months), and samples were obtained at the end of period. HF = High- flux hemodialysis; 

HDF = on- line hemodiafiltration.
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Why Are Inflammatory CD14+/CD16+ Cells Produced?

In addition to CKD patients, an increased number of CD14+/CD16+ cells 

are present in the elderly and in patients with chronic inflammation. So the 

question arises why such cells are produced. Recent studies performed by our 

group have demonstrated that CD14+/CD16+ monocytes are a population that 

have differentiated from CD14++/CD16– monocytes [14]. CD14+/CD16+ 

monocytes are generated when monocytes are repeatedly stimulated and 

maintained in an environment rich in proinflammatory cytokines, and these 

differentiated CD14+/CD16+ monocytes exhibit characteristics of senescent 

cells (low telomeres and expression of senescence associated enzymes such as 

the β- galactosidase). These data have led us to postulate that CD14+/CD16+ 

monocytes are activated cells that in the presence of maintained elevated levels 

of inflammatory cytokines (albeit moderately elevated) do not undergo apop-

tosis, prolong their survival and become senescent cells with a modified phe-

notype and functional activity.

Role Played by CD14+/CD16+ Monocytes in Endothelial Damage

Unlike what occurs with CD14++/CD16+ monocytes, whose activity is related 

to cardiovascular disease, inflammatory CD14+/CD16+ monocytes appear to 

be involved in the endothelial damage which is usually presented by elderly peo-

ple and CKD or other chronic inflamed patients [15, 16]. In vitro the inflam-

matory response promoted by CD14+/CD16+ monocytes induced increased 

oxidative stress and apoptosis in endothelial cells [13]. In CKD patients, CD14+/

CD16+ correlated with endothelial damage markers such as the plasma levels 

of endothelial microparticles or the number of reparative endothelial progeni-

tor cells [16–18]. Additionally, the CD14+/CD16+ inflammatory monocytes 

exhibit high expression of adhesion molecules or chemokines such as CX3CR1, 

CCRS and CCR7, which facilitate the interaction between these inflammatory 

monocytes and the endothelium to generate a local inflammatory response that 

induces increased oxidative stress and apoptosis of endothelial cells [14, 19].

CD14+/CD16+ Inflammatory Monocytes in CKD Patients

As indicated above, several studies have reported that hemodialysis patients 

presented a higher percentage of proinflammatory CD14+/CD16+ monocytes 

than the healthy subjects. However there is little information about the percent-

age of these cells in other CKD populations such are CKD4–5 patients or CKD 

patients dialyzed with other techniques such as peritoneal dialysis (PD). In a 

recent study [19] we observed that, compared with healthy subjects, CKD4–5 
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patients have an increased percentage of CD14+/CD16+ monocytes (3.9 ± 1.1 

in controls versus 7.7 ± 1.2% in CKD). It is important to highlight that the per-

centage of these cells in patients who initiate hemodialysis increased to 18.9 ± 

3.5%. Interestingly, the percentage of CD14+/CD16+ cells in PD patients (3.6 ± 

1.3%) was similar to that observed in healthy subjects, and no significant differ-

ences were observed when PD patients were analyzed according to their renal 

residual function (2.2 ± 1.5% in PD- RRF >1 and 4.3 ± 2.1% in PD- RRF ≤1).

Cardioprotective Effect of On- Line Hemodiafiltration

These data suggest that at least partially the increase in CD14+/CD16+ cells 

observed in CKD patients may be associated with the hemodialysis treatment. In 

the course of the past few years, significant advances have been made in hemo-

dialysis therapy, particularly, after the introduction of convective therapies, such 

as on- line HDF, and different studies have been performed in order to analyze 

whether the beneficial effect of on- line HDF might be at least partially mediated 

by modulating the inflammatory response associated to CD14+/CD16+ mono-

cytes. These reports showed a reduction in the percentage of CD14+/CD16+ 

monocytes in patients treated with on- line HDF [20–23]. Furthermore, we have 

reported that the reduction in CD14+/CD16+ monocytes observed in patients 

treated with on- line HDF is associated with a decrease in markers of endothelial 

damage [21], in a process that seems clearly dependent on the convective trans-

port, and when these patients return to the high- flux techniques, the numbers 

of CD16 + CD14 + rise [20, 21]. Therefore, the beneficial effect of the on- line 

HDF seems to be related with the convective transport, and not with the bio-

compatibility of the dialysis membrane [16, 21].

Despite the improvement in microinflammation and endothelial damage 

observed in these patients, the levels of CD14+/CD16+ cells in these patients do 

not return to the values showed by healthy subjects. Recent studies, such as the 

one presented by Hung et al. [24] using anakinra, showed that these therapeu-

tics drugs may modulate the inflammatory activity mediated by monocytes in 

CKD patients. Furthermore, we have preliminary data suggesting that therapeu-

tic agents such as the angiotensin II receptor antagonists may prevent at least in 

vitro the differentiation of CD14+/CD16+ cells. Whether the combination of 

high convective transport with these drugs may eventually normalize CD14+/

CD16+ cells in CKD patients constitutes a matter which remains unresolved.
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