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Immune Subsets From Ficoll Density Gradient 
Separation in Kidney Transplant Recipients
Suwasin Udomkarnjananun, MD,1,2,3 Marjolein Dieterich, BSc,1,2 Karin Boer, PhD,1,2  
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Many studies in transplantation have used peripheral 
blood mononuclear cells (PBMCs) to assess immuno-

logical risk and to unravel the mechanisms of rejection and 
tolerance.1-3 Examples include functional T- and B-lymphocyte 
studies by ELISPOT,1,4,5 T-lymphocyte proliferation stud-
ies,2 gene expression profiling,3 and intracellular tacrolimus 
concentration measurements.6 However, the PBMC fraction 
consists of various leukocyte subpopulations, including T, B,  
and NK lymphocytes and monocytes, with potential contami-
nation by granulocytes. By using Ficoll density gradient sepa-
ration to isolate the PBMCs, the proportion of low-density 
granulocytes is increased in inflammatory conditions such as 
sepsis,7 burn wounds,8 or in autoimmune disease.9 The bio-
logical validity of these studies could therefore be affected if 
based on faulty methodological assumptions.7,10

Surprisingly, no studies report on whether the propor-
tion of PBMC subpopulations from transplant recipients 
differ from healthy controls, or if rejection affects cellu-
lar PBMC composition. We compared the proportions of 
PBMC subsets in kidney transplant recipients during a 

biopsy-proven acute T cell–mediated rejection (TCMR) 
episode (n = 11) with those from kidney transplant recipi-
ents without acute rejection (n = 12) and healthy controls 
(kidney transplant donors before transplantation) (n = 10). 
All kidney transplant recipients received tacrolimus (tar-
geted predose concentration 7–14 ng/mL), mycophenolate 
mofetil (fixed-dose 2 g/d), and prednisolone (total daily 
dose 5–20 mg/d). PBMCs were obtained from heparinized 
blood using the standard Ficoll density gradient procedure 
(Ficoll-Paque, GE Healthcare, Uppsala, Sweden) and were 
frozen in RPMI-1640 with glutamax (Life Technologies/
Gibco BRL, Paisley, Scotland) with 15% heat-inactivated 
human serum and 10% dimethyl sulfoxide (Merck, 
Darmstadt, Germany).11 PBMCs were stored in liquid 
nitrogen at –190 °C until use.1,12 All participants gave writ-
ten informed consent. The study was performed in accord-
ance with the declaration of Helsinki (2013) and approved 
by the institutional review board of the Erasmus MC (No. 
2018-035).13

PBMCs were thawed using RPMI medium with DNase 
(DNase I, Roche, Germany) and stained with anti-CD3-
BV510, anti-CD19-PE-Cy7, anti-CD16-PE, anti-
CD56-PerCP, anti-CD45-APC, anti-CD15-BV421, and 
anti-CD14-FITC. All antibodies were from Biolegend (San 
Diego, CA) except anti-CD14 (BD Bioscience, San Jose, 
CA). PBMC subsets were measured on a FACS Canto II 
flow cytometer (BD Biosciences). Flow cytometric data 
were analyzed by Kaluza Analysis Software version 2.1 
(Beckman Coulter Life Sciences, Indianapolis, IN).

Figure 1 illustrates the gating strategy, and Table 1 sum-
marizes the composition of the PBMCs from the patients 
and healthy controls. Overall, T lymphocytes predomi-
nated in the PBMC fraction (mean: 52.4% ± 12.9%), 
followed by monocytes (28.3% ± 12.3%), and B lympho-
cytes (9.1% ± 5.2%). There was no significant difference 
between kidney transplant recipients (with or without 
acute TCMR) and healthy controls regarding the propor-
tion of T, B, and NK lymphocytes, monocytes, and granu-
locytes in PBMCs after the Ficoll procedure.

In contrast to previous studies that showed a signifi-
cant increase in the proportion of granulocytes in patients 
suffering from inflammation compared with controls,7,10 
there was no statistically significant difference in the cel-
lular make up of the PBMC fraction of kidney transplant 
recipients with acute TCMR compared with nonrejecting 
kidney transplant recipients. The results in our study show 
that acute rejection might therefore be considered as a 
relatively “milder” state of inflammation in the peripheral 
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blood compartment compared with septicemia or other 
systemic inflammatory diseases.8-10

Interestingly, a trend toward a lower proportion of 
NK lymphocytes in the PBMCs fraction of recipients with 
acute TCMR was observed. Previous studies have shown a 

significantly higher number of infiltrating NK lymphocytes 
in the kidney allografts with TCMR compared with kidneys 
affected by antibody-mediated rejection or kidneys without 
signs of rejection.14-16 Moreover, the number of infiltrating 
NK lymphocytes was positively correlated with a higher 

FIGURE 1. Representative data of the flowcytometric analysis.

TABLE 1.

PBMC subsets in healthy controls and kidney transplant recipients with and without acute T cell–mediated rejection

Variable All subjects
Healthy 
controls

Recipients 
without 
rejection

Recipients 
with acute 

TCMR

P value for nonrejection 
recipients vs acute 

TCMR recipients

P value for healthy 
controls vs acute TCMR 

recipients

P value 
across all 3 

groups

Number of subjects 33 10 12 11 – – –
Time after transplantation, 

days (median, Q1–Q3)
– – 19.5 

(9.5–48.0)
12.5 

(7.0–42.5)
0.38 – –

Age, y (mean ± SD) 54.5 ± 11.3 53.4 ± 7.1 56.0 ± 13.4 54.0 ± 12.7 0.63 0.96 0.80
Male, n (%) 25 (76%) 7 (70%) 9 (75%) 9 (82%) 0.69 0.40 0.82
T lymphocytes, % 

(mean ± SD)
52.4 ± 12.9 55.4 ± 12.6 52.6 ± 13.3 49.4 ± 13.3 0.57 0.30 0.58

Monocytes, % (mean ± SD) 28.3 ± 12.3 24.1 ± 9.0 28.3 ± 11.4 32.0 ± 15.2 0.51 0.17 0.34
B lymphocytes, % 

(mean ± SD)
9.1 ± 5.2 7.0 ± 2.2 10.6 ± 6.0 9.3 ± 6.1 0.62 0.26 0.27

NK lymphocytes, % 
(mean ± SD)

7.7 ± 5.3 10.8 ± 5.5 7.2 ± 4.4 5.5 ± 5.3 0.42 0.09 0.06

Granulocytes, % 
(mean ± SD)

2.6 ± 4.4 2.7 ± 5.0 1.4 ± 2.0 3.8 ± 5.8 0.20 0.67 0.46

PBMC, peripheral blood mononuclear cell; TCMR, T cell–mediated rejection.
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Banff TCMR grade.14 The present findings suggest that NK 
lymphocytes migrate from the periphery to the transplanted 
kidney. Since NK lymphocyte make up the smallest PBMC 
subfraction, the infiltration of the kidney transplant may have 
an observable effect in the peripheral compartment. However, 
further studies are needed to confirm this hypothesis.

Our study has limitations. First, the sample size was rela-
tively small and might be underpowered to detect significant 
differences, although most of the measured immune cell sub-
sets (except NK lymphocytes) show a large overlap in their 
proportion of PBMCs across all groups. Second, this study 
was conducted in kidney transplant recipients, and the results 
might be different in recipients of a nonrenal organ transplant.

In conclusion, our study shows that PBMC fractions 
of immunosuppressed kidney transplant recipients, with 
or without rejection, are not noticeably influenced by the 
Ficoll separation procedure. These results may be useful 
for future immune monitoring studies of transplant recipi-
ents involving human PBMCs.
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