Medical Oncology (2019) 36:84
https://doi.org/10.1007/5s12032-019-1307-8

ORIGINAL PAPER q

Check for
updates

Circulating CD16+CD56+ nature killer cells indicate the prognosis
of colorectal cancer after initial chemotherapy
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Abstract

As the prognosis of colorectal cancer (CRC) does not always coincide with the pathology and/or surgical findings, a reli-
able noninvasive prediction tool for the prognosis of CRC is needed. Patients admitted for initial treatment of CRC between
January 1, 2015 and December 31, 2015 were retrieved and reviewed. Records of circulating CD16+ CD56+ natural killer
(NK) cells were analyzed before and after the initial chemotherapy of FOLFOX plan. Patients were followed up until June
30, 2019. One hundred and twenty-four cases after the FOLFOX chemotherapy were enrolled into this study. There were
no significant differences in gender, age, or number of metastasis cases between the survival group and the nonsurvival
group (p > 0.05), but significant differences in pre-chemotherapy, post-chemotherapy, and the differences between pre- and
post-chemotherapy circulating CD16+CD56+ NK cells between the survival group and the nonsurvival group (p <0.01,
p<0.01, and p <0.05, respectively) were observed. For the prediction of survival and nonsurvival CRC cases, the Areas
Under the Curve were 0.626 and 0.759 in the Receiver-Operating Characteristic curves for the pre- and post-chemotherapy
circulating CD16+ CD56+NK cells, respectively. Using an optimal cutoff value of 11.8% in post-chemotherapy circulating
CD16+CD56+NK cells to differentiate survival and nonsurvival cases, the odds ratio was 0.12 (0.05, 0.27), p<0.001. The
percentages of both pre-chemotherapy and post-chemotherapy circulating CD16+CD56+NK cells were negatively correlated
with the prognosis of CRC. The percentage of post-chemotherapy circulating CD164+CD56+NK cells was able to effectively
predict the prognosis of CRC cases.
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Introduction the up to 25% unresectable cases at the time of diagnosis,
and 50% recurrence rate in early-stage cases following sur-

With an incidence of nearly one million and fatality of nearly =~ gery [3], an accurate prediction of the prognosis of CRC is

700,000 per year, colorectal cancer (CRC) has been ranked ~ warranted.

the fourth most deadly cancer in the world [1, 2]. Along with Traditionally, the staging and prognosis of CRC mainly

rely on pathology after surgical procedures [4]. However,
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immune cells may reflect the local immune response in the
tumor microenvironment [10], thereby providing important
information regarding disease severity in CRC [11]. Natural
killer (NK) cell is an important subset of the immune cells.
The activity of NK cells is triggered by a dynamic equilib-
rium between activating and inhibitory signals received and
processed by cell surface receptors. Therefore, NK cells are
considered interesting targets for translational and clinical
studies [12].

In the present study, we analyzed circulating
CD16+CD56+NK cells in CRC patients before and after
initial chemotherapy, trying to figure out the value of
CD16+CD56+NK cells in the prediction of the prognosis
of CRC.

Methods

This retrospective cohort study was carried out at the
Department of Oncology of the second Affiliated Hospital
of Harbin Medical University, which is a tertiary hospital in
Northeast China. Institutional Ethics Committee approval
was obtained from the second Affiliated Hospital of Harbin
Medical University before data collection and analysis, and
informed consent was obtained from patients on admission.

Clinical records of patients who were admitted for initial
chemotherapy of CRC between January 1, 2015 and Decem-
ber 31, 2015 were retrieved and reviewed. Patients were
followed up until June 30, 2019. Included patients should
have pre-chemotherapy (the most recent one before chemo-
therapy) and post-chemotherapy (the most recent one after
the first cycle of chemotherapy) NK cell data available, as
well as histologically confirmed primary CRC. Staging was
based on the Tumor Node Metastasis (TNM) terminology
[13]. The FOLFOX plan was employed for chemotherapy
in all enrolled patients, with the following details: Oxalipl-
atin 85 mg/m2 IV infusion, given as a 120 min IV infusion,
concurrent with leucovorin 400 mg/m? (or levoleucovorin
200 mg/m?) IV infusion, followed by 5-FU 400 mg/m? IV
bolus, followed by 6-h 5-FU 2400 mg/m? infusion every
2 weeks for 6 months [13]. Patients with unclear diagno-
sis, or complicated with other caner, or were admitted after
previous chemotherapy treatments for CRC, or with other
chronic diseases (such as cardiovascular diseases, endocrine
diseases), or with viral or bacterial infections were excluded.

NK cells were analyzed through flow cytometer. Briefly,
peripheral venous blood were collected from all participants
in a heparin-coated tube and kept at 2-8 °C. One hundred
pl of freshly collected blood was transferred into a flow-
specific tube. Twenty pl of BD Multitest 6-color TBNK rea-
gent (Ref # 644611, BD, USA, including CD3 FITC, CD16
PE+CD56 PE, CD45 PerCP-Cy5.5, CD4 PE-Cy7, CD19
APC, and CD8 APC-Cy7.) was added for flow cytometry
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study according to the manufacture manual, within the panel
of which CD16+CD56+ specifically quantified NK cells
within the lymphocyte population. The mixture was incu-
bated at room temperature for 15 min in the dark, and treated
with 2.5 ml of red blood cell lysis buffer (Sigma-Aldrich)
for 10 min at room temperature in the dark. The mixture was
washed twice with PBS buffer, resuspended, and fixed in
0.5 ml PBS containing 0.9% formaldehyde (Sigma-Aldrich),
and analyzed using FACSCanto II flow cytometer system
(BD Biosciences) by FACSDiva™ software version 8.0 (BD
Biosciences). At least 20,000 cells were analyzed in P1 gate
from each sample.

Statistical analysis

Discrete data were expressed as number of cases (percent-
ages) and analyzed using y’-test or Fisher’s exact test, along
with odds ratio (OR) and 95% confidence interval (95% CI),
whichever was applicable. Continuous data were shown
as mean =+ standard deviation (SD), and were analyzed
using ¢ test. Area under the Receiver-Operating Character-
istic (ROC) curve was used to show the value of predic-
tion. Pearson correlation was used for correlation analysis.
Kaplan—Meier plot was used for survival analysis. SPSS24.0
(IBM Corp, Armonk, NY) was used for statistical analysis.
A two-tailed p <0.05 is considered significantly different.

Results

During the study period, seven hundred and eight CRC
patients were admitted to our hospital, including eighty-
two of stage I, one hundred and ninety-eight of stage II, two
hundred and forty-nine of stage III, and one hundred and
seventy-nine of stage IV patients. After excluding 12 cases
of incomplete data, one hundred and twenty-four cases after
the chemotherapy of FOLFOX plan were enrolled into this
study (Fig. 1). There were no significant differences in gen-
der, age, or number of metastasis cases between the survival
group and the nonsurvival group (p > 0.05, Table 1).

The predictive value of circulating CD16+CD56+NK
cells in the prognosis of CRC

There were significant differences in pre-chemotherapy,
post-chemotherapy, and the difference between pre- and
post-chemotherapy circulating CD16+CD56+NK cells
between the survival group and the nonsurvival group
(p<0.01, p<0.01, and p <0.05, respectively, Table 1).
The receiver-operating characteristic (ROC) curve was
employed to show the role of circulating CD16+CD56+NK
cells in the prognosis of CRC. When comparing pre-chem-
otherapy circulating CD16+CD56+NK cells in survival
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Fig. 1 Flow chart of included
and excluded cases in the pre-

| 708 CRC patients admitted during the study period |

sent study
L I !
82 cases of 198 cases of 249 cases of 179 cases of
stage | stage Il stage Ill stage IV
Excluded cases:
472 Patients not treated with the FOLFOX plan
51 Patients admitted after previous chemotherapy treatments
for CRC
31 Patients with other chronic diseases
18 Patients with viral or bacterial infections
12 Patients with incomplete data or lost to follow-up
124 CRC patients were included in final analysis
Table 1 Clinic'al characteristics Parameters Survival (n=76) Nonsurvival (n=48) p value
of enrolled patients
Male 48 30 0.94%*
Age (years)* 54.7+15.2 51.1+13.2 0.173%%*
Metastasis cases 24 20 0.25%
Ptreatment CD16+ CD56+NK % 17.5+7.5 13.7+7.3 <0.01%*
Posttreatment CD16+ CD56+ NK % 17.0+7.2 10.8+4.7 <0.01%**
Difference CD16+CD56+NK% 0.6+7.3 29+4.1 0.045%*

“Mean=+ SD

V;(Z test

#*¢ test

and nonsurvival CRC cases (Fig. 2), the Area Under the
Curve (AUC) was 0.626. When comparing post-chemo-
therapy circulating CD164+CD56+NK cells in survival
and nonsurvival CRC cases (Fig. 2), the AUC was 0.759.

Using an optimal cutoff value of 11.8% in post-chemo-
therapy circulating CD164+CD56+4NK cells to differentiate
survival and nonsurvival cases, the OR was 0.12 (0.05,
0.27), p<0.001, sensitivity was 73.7%, specificity was
75.0%, positive predictive value (PPV) was 82.4%, and
negative predictive value (NPV) was 64.3%. Using the
same cutoff value of 11.8% in post-chemotherapy circu-
lating CD16+CD56+NK cells, a Kaplan—Meier plot was
drawn showing a significant difference in survival curve
below and above the cutoff value (p <0.01 by Log Rank
test, Fig. 3).

Correlations between circulating CD16+CD56+NK
cells and prognosis of CRC

There were significant positive correlations between the pre-
chemotherapy circulating CD16+CD56+NK cells and the sur-
vival rate of CRC cases (p <0.01), between post-chemotherapy
circulating CD16+CD56+NK cells and the survival rates of
CRC cases (p<0.01), as well as between the differences in
the circulating CD16+CD56+4NK cells and the survival rate
of CRC cases (p=0.045, Table 2).
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Fig.2 Ptreatment, posttreatment, and the difference between pre- and
posttreatment circulating CD16+CD56+NK cells in the prediction of
prognosis of CRC cases analyzed by ROC curve
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Fig.3 Kaplan—Meier survival plot using posttreatment circulating
CD16+CD56+NK cells threshold. Unit in x-axis is month. Green line
represents survival with posttreatment circulating CD16+CD56+NK
cells>11.8%. Blue line represents survival with posttreatment circu-
lating CD16+CD56+NK cells equal or less than 11.8%

Discussion
The NK cell population can generally be determined

by CD56. The subpopulation of CD56"8" NK cells
is associated with immunoregulation and production
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Table 2 The correlations

between circulating NK cells at different  p value*
stages (%)

CD16+CD56+ NK cells and

prognosis of CRC Ptreatment NK <0.01
Posttreatment NK <0.01
Difference NK 0.045

*Pearson correlation

of proinflammatory cytokines and, on the other hand,
CD56%™m NK cells exert cytotoxic activity [14]. The CD16
(FcyRIID) on NK cells is involved in antibody-dependent
cell-mediated cytotoxicity [15], and as such, the CD16-
positive population excludes the involvement of certain
NK cells correlated with T or B cells [16].

Immune infiltration in CRC lesions is associated with
clinical outcomes. A recent study has shown the diver-
sity of functionally distinct cell types during the immune
response in CRC cases [17]. The number of NK cells
(CD56-positive cells) in lymph nodes has been reported
to be associated with the prognosis of patients with stage
II CRC [18]. Another study showed a decrease of periph-
eral CD16+CD56+NK cells in stage II and III CRC cases,
although with limited number of participants and hetero-
geneous staging information [19]. In our present study,
we analyzed the pre-chemotherapy and post-chemotherapy
circulating CD16+CD56+NK cells. The chemotherapy
plan was taken into account, as well as the number of
metastasis cases in the survival group and the nonsurvival
group. On top of these, with a larger number of enrolled
cases, our study is statistically more convincing.

Some studies used CD3—-CD56+ as markers for NK
cells. One study found that “percentage of CD16+NKT-
like cells was independently associated with shorter dis-
ease-free survival in CRC patients” [20]. However, some
of the enrolled patients have already received radiological
treatment before NK cells were collected, which might
introduce heterogeneity into the rest of patients without
treatment. Moreover, only a limited number of patients
were enrolled, and the stratification by different stages as
well as CD56” M and CD56%™ NK cell population further
minimized the statistical power. Another study showed a
negative correlation between peripheral NK cells and the
TNM staging of CRC. Significant differences in NK cells
between the healthy and early stages (I&II) and the healthy
and late stages (IV) were found [21]. This inconsistency
in trend (no difference found between healthy and stage
IIT) might be attributed to the small number of enrolled
patients. In our study, we enrolled more patients, and
only patients without previous treatment were eligible for
analysis, which might disclose the natural body response
after the initial chemotherapy. Thus, our data are more
homogeneous and convincing.
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In our study, we also excluded cases with viral or bac-
terial infections. NK cells have activating receptors and
inhibitory receptors on the surface of cell membrane [22].
Both activating [23-25] and inhibitory receptors [26, 27]
are necessary to clear viral infections. On the other hand,
the stimulation of direct Toll-like receptors (TLRs) TLRs
on NK cells has also been reported to be involved in NK
cell activation [28]. Therefore, exclusion of viral or bacterial
infection cases will minimize the influence of those cases in
the analysis of CRC cases.

Other prediction strategies of the prognosis of CRC have
been reported based on immunohistochemistry staining of
lesions for gene mutation or polymorphism [29, 30], or acti-
vation [31]. Circulating biomarkers for the prognosis of CRC
include microRNA or methylation [32, 33]. Serum metabo-
lomics analysis has also been investigated [34].

Conclusion

In conclusion, we found that the percentage of both
pre-chemotherapy and post-chemotherapy circulating
CD16+CD56+NK cells was negatively correlated with the
prognosis of CRC. Using a cutoff value of 11.8%, the per-
centage of post-chemotherapy circulating CD16+CD56+NK
cells was able to effectively predict the prognosis of CRC
cases.

Funding None.

Data availability Original data could be obtained by contacting the
corresponding author.

Compliance with ethical standards

Conflict of interest All the authors declare there are no conflicts of
interest involved in the submission of this manuscript, and the manu-
script has been approved by all authors for publication.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin.
2015;65(2):87-108.

2. Brody H. Colorectal cancer. Nature. 2015;521(7551):S1.

3. Van Cutsem E, Cervantes A, Nordlinger B, Arnold D, ESMO
Guidelines Working Group. Metastatic colorectal cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann Oncol. 2014;25(Suppl 3):1-9.

4. Galon]J, Costes A, Sanchez-Cabo F, et al. Type, density, and loca-
tion of immune cells within human colorectal tumors predict clini-
cal outcome. Science. 2006;313(5795):1960-4.

5. Peparini N, Beyond T. N and M: the impact of tumor deposits
on the staging and treatment of colorectal and gastric carcinoma.
Surg Oncol. 2018;27(2):129-37.

10.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Mlecnik B, Marliot F, Bindea G, et al. International valida-
tion of the consensus immunoscore for the classification
of colon cancer: a prognostic and accuracy study. Lancet.
2018;391(10135):2128-39.

Pawa N, Arulampalam T, Norton JD. Screening for colorectal can-
cer: established and emerging modalities. Nat Rev Gastroenterol
Hepatol. 2011;8(12):711-22.

Pages F, Kirilovsky A, Mlecnik B, et al. In situ cytotoxic and
memory T cells predict outcome in patients with early-stage colo-
rectal cancer”. J Clin Oncol. 2009;27(35):5944-51.

Pages F, Berger A, Camus M, et al. Effector memory T cells,
early metastasis, and survival in colorectal cancer. N Engl J Med.
2005;353(25):2654-66.

Rocca YS, Roberti MP, Arriaga JM, et al. Altered phenotype in
peripheral blood and tumorassociated NK cells from colorectal
cancer patients. Innate Immun. 2013;19(1):76-85.

. Chen ZY, Raghav K, Lieu CH, et al. Cytokine profile and prognos-

tic significance of high neutrophil-lymphocyte ratio in colorectal
cancer. BrJ Cancer. 2015;112(6):1088-97.

Biassoni R, Cantoni C, Pende D, et al. Human natural Killer cell
receptors and co-receptors. Immunol Rev. 2001;181:203-14.
Benson AB, Venook AP, Al-Hawary MM, et al. NCCN Guidelines
Insights Colon Cancer, Version 2.2018. J Natl Compr Canc Netw.
2018;16(4):359-369.

Cooper MA, Fehniger TA, Caligiuri MA. The biology of human
natural killer-cell subsets. Trends Immunol. 2001;22(11):633-40.
Dutertre CA, Bonnin-Gelize E, Pulford K, Bourel D, Fridman
WH, Teillaud JL. A novel subset of NK cells expressing high
levels of inhibitory FcgammaRIIB modulating antibodydependent
function. J Leukoc Biol. 2008;84(6):1511-20.

Bendelac A, Savage PB, Teyton L. The biology of NKT cells.
Annu Rev Immunol. 2007;25:297-336.

Xiong Y, Wang K, Zhou H, Peng L, You W, Fu Z. Profiles
of immune infiltration in colorectal cancer and their clini-
cal significant: a gene expression-based study. Cancer Med.
2018;7(9):4496-508.

. Okada K, Sadahiro S, Chan LF, Ogimi T, Miyakita H, Saito G,

Tanaka A, Suzuki T. The number of natural killer cells in the
largest diameter lymph nodes is associated with the number of
retrieved lymph nodes and lymph node size, and is an independent
prognostic factor in patients with stage II colon cancer. Oncology.
2018;95(5):288-96.

Spacek J, Vocka M, Netikova I, Skalova H, Dundr P, Konopasek
B, Zavadova E, Lubos P. Immunological examination of periph-
eral blood in patients with colorectal cancer compared to healthy
controls. Immunol Invest. 2018;47(7):643-53.

Krijgsman D, de Vries NL, Skovbo A, et al. Characterization of
circulating T-, NK-, and NKT cell subsets in patients with colo-
rectal cancer: the peripheral blood immune cell profile. Cancer
Immunol Immunother. 2019;68(6):1011-24.

Wang Y, Sun J, Gao W, et al. Preoperative Tim-3 expression on
peripheral NK cells is correlated with pathologic TNM staging in
colorectal cancer. Mol Med Rep. 2017;15(6):3810-8.
Brandstadter JD, Yang Y. Natural killer cell responses to viral
infection. J Innate Immun. 2011;3(3):274-9.

Brown MG, Dokun AO, Heusel JW, et al. Vital involvement of a
natural killer cell activation receptor in resistance to viral infec-
tion. Science. 2001;292(5518):934-7.

Khakoo SI, Carrington M. KIR and disease: a model system or
system of models? Immunol Rev. 2006;214:186-201.

Stewart CA, Laugier-Anfossi F, Vely F, et al. Recognition of pep-
tide-MHC class I complexes by activating killer immunoglobulin-
like receptors. Proc Natl Acad Sci USA. 2005;102(37):13224-9.
Moretta L, Ciccone E, Mingar MC, Biassoni R, Moretta A.
Human natural killer cells: origin, clonality, specificity, and recep-
tors. Adv Immunol. 1994;55:341-80.

@ Springer



84

Page 6 of 6

Medical Oncology (2019) 36:84

217.

28.

29.

30.

31.

Wagtmann N, Rajagopalan S, Winter CC, Peruzzi M, Long EO.
Killer cell inhibitory receptors specific for HLA-C and HLA-B
identified by direct binding and by functional transfer. Immunity.
1995;3(6):801-9.

Megias J, Yanez A, Moriano S, O’Connor JE, Gozalbo D, Gil ML.
Direct Toll-like receptor-mediated stimulation of hematopoietic
stem and progenitor cells occurs in vivo and promotes differentia-
tion toward macrophages. Stem Cells. 2012;30(7):1486-95.

Li K, Li L, Wu X, et al. Loss of SDC1 expression is associated
with poor prognosis of colorectal cancer patients in Northern
China. Dis Markers. 2019;2019:3768708.

Zhou Z, Ma X, Wang F, Sun L, Zhang G. A matrix metalloprotein-
ase-1 polymorphism, MMP1-1607 (1G> 2G), is associated with
increased cancer risk: a meta-analysis including 21,327 patients.
Dis Markers. 2018;2018:7565834.

Zhang L, Yang Y, Cheng L, Cheng Y, Zhou HH, Tan ZR. Iden-
tification of common genes refers to colorectal carcinogen-
esis with paired cancer and noncancer samples. Dis Markers.
2018;2018:3452739.

@ Springer

32. LiuZ, Wu S, Wang L, et al. Prognostic value of MicroRNA-497

33.

34.

in various cancers: a systematic review and meta-analysis. Dis
Markers. 2019;2019:2491291.

Chen Y, Wang Z, Zhao G, et al. Performance of a novel blood-
based early colorectal cancer screening assay in remain-
ing serum after the blood biochemical test. Dis Markers.
2019;2019:5232780.

Gu J, Xiao Y, Shu D, et al. Metabolomics analysis in serum from
patients with colorectal polyp and colorectal cancer by 1H-NMR
spectrometry. Dis Markers. 2019;2019:3491852.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Circulating CD16+CD56+ nature killer cells indicate the prognosis of colorectal cancer after initial chemotherapy
	Abstract
	Introduction
	Methods
	Statistical analysis

	Results
	The predictive value of circulating CD16+CD56+NK cells in the prognosis of CRC​
	Correlations between circulating CD16+CD56+NK cells and prognosis of CRC​

	Discussion
	Conclusion
	References




