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Abstract

Background: The activation of the antitumor immune responses of T 
cells and natural killer (NK) cells is important to induce breast tumor 
shrinkage via preoperative chemotherapy. We evaluated how antitu-
mor immune responses contribute to the effects of such therapy.

Methods: Forty-three patients with stages I - IV breast cancer who 
underwent surgery between August 2018 and Jun 2023 after preop-
erative chemotherapy were enrolled. Peripheral natural killer (pNK) 
cell activity was assessed by 51Cr-release assay, and the counts and 
percentages of CD4+, CD8+, and NK cells and their subsets in pe-
ripheral blood were measured before and after chemotherapy by two-
color flow cytometry. Associations of cell population changes with 
chemotherapy responses were analyzed.

Results: On univariate analysis, relative to grade (G) ≤ 1 effects, G 
≥ 2 therapeutic effects were associated significantly with human epi-
dermal growth factor receptor 2 (HER-2)+ breast cancer (P = 0.024) 
and post-chemotherapy CD56+ CD16- NK cell accumulation (8.4% 
vs. 5.5%, P = 0.042), and tended to be associated with increased pre-
chemotherapy CD56+ CD16- NK cell percentages (5.4% vs. 3.3%, 
P = 0.054) and pNK cell activity (42.0% vs. 34.5%, P = 0.057). The 
accumulation and increased percentage of CD56+ CD16- NK cells in 
patients with G ≥ 2 effects were not associated with changes in pNK 
cell activity or the disappearance of axillary lymph-node metastases. 
On multivariate analysis, G ≥ 2 therapeutic effects tended to be asso-
ciated with higher pre-chemotherapy pNK levels (odds ratio = 0.96; 
95% confidence interval: 0.921 - 1.002; P = 0.067).

Conclusions: The accumulation of the immunoregulatory CD56+ 
CD16- NK cell subset in the peripheral blood before and after chemo-
therapy may lead to the production of cytokines that induce an antitu-
mor immune response. Activation of the immune response mediated 
by CD56+ CD16- pNK cells after chemotherapy and their high counts 
before chemotherapy may contribute to the improvement of therapeu-
tic effects against breast cancer.

Keywords: Breast cancer; Preoperative chemotherapy; CD56+ 
CD16-; Natural killer cell; Therapeutic effect

Introduction

Antitumor immunity plays an important role in the efficacy of 
cancer chemotherapy [1]. Among patients with triple-negative 
(TN) and human epidermal growth factor receptor 2 (HER-2)+ 
breast cancer, pathological complete response (pCR) and sur-
vival rates are higher than those with lower tumor-infiltrating 
lymphocyte (TIL) levels prior to preoperative chemotherapy 
[2-4]. In the presence of high TIL levels, the pCR rate is lower 
for hormone receptor (HR)+ HER-2- luminal (L) breast cancer 
than for TN or HER-2+ breast cancer [5]. However, a low pCR 
rate for L-type breast cancer is not necessarily associated with 
a poor prognosis, as this prognosis depends on the sensitiv-
ity to endocrine therapy after surgical treatment [6]. Antitumor 
immunity includes innate and adaptive immune responses by 
natural killer (NK) cells and cytotoxic T lymphocytes (CTLs); 
the activation of NK and T cells by preoperative chemother-
apy contributes to primary breast tumor shrinkage and thera-
peutic efficacy [7-10]. Increases in NK and CD8 T cells and 
decreases in immunosuppressive factors such as regulatory T 
cells (Tregs), vascular endothelial growth factor (VEGF), and 
cytotoxic T lymphocyte antigen-4 (CTLA-4) in the tumor mi-
croenvironment have been reported [9].

Increased peripheral natural killer (pNK) cell activity be-
fore and after preoperative chemotherapy and increased NK 
cell concentrations in primary tumors contribute to the im-
provement of breast cancer treatment efficacy [8, 9, 11]. NK 
cells exert an innate immune response that is independent of 
the major histocompatibility complex (MHC) and induces the 
apoptotic death of cancer cells secreted by perforin and gran-
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zyme B. Thus, they have the important role of killing cancer 
cells that lack MHC I markers and are not detected and de-
stroyed by other immune cells such as CTLs [12].

Two NK cell subsets with distinct phenotypic properties 
are usually identified by the surface markers CD56 and CD16 
(FcγR III) in the absence of CD3: CD56bright or + CD16- (10-
15% of pNK populations in healthy individuals) and CD56dim 
or - CD16+ (90-95%) [13, 14]. The CD56+ subset has an immu-
nomodulatory function, producing cytokines such as interferon 
gamma (IFN-γ) and transforming growth factor beta (TGF-β), 
and the CD56- subset has a cytotoxic function, killing cancer 
cells with low cytokine levels [15]. These subsets can be clas-
sified further into four functionally and phenotypically distinct 
subsets: CD56+ CD16-, CD56- CD16-, CD56- CD16+, and 
CD56+ CD16+, whose distributions at tumor sites may depend 
on the tumor microenvironment [16-18]. CD56+ CD16- NK 
cells are proliferative, immature immune regulatory cells that 
can interact with adjacent immunocompetent cells in lymphoid 
tissue [19]. In contrast, CD56- CD16+ NK cells reach inflam-
matory sites and exert cytotoxic functions to promote immune 
responses [20, 21]. CD56+ CD16+ NK cells sometimes contain 
CD56+ CD16- subsets and undergo intermediate maturation, 
leading to the development of CD56- CD16+ NK cells. CD56-

 CD16- NK cells, which are more abundant at breast tumor 
sites, have fewer activation receptors and cytotoxic molecules.

In the tumor microenvironment, tumor-derived soluble fac-
tors such as TGF-β, prostaglandin E2, and indoleamine 2,3-di-
oxygenase are responsible for changes in NK cell phenotypes 
and functions [22]. Immunosuppressive immune cells such as 
M2-macrophages, myeloid-derived suppressor cells, and Tregs 
influence NK cell activity by releasing these soluble factors [22]. 
In particular, the TGF-β concentration was shown to correlate 
negatively with molecules associated with NK cell cytotoxicity; 
TGF-β promotes the conversion of CD56+ CD16+ NK cells to 
decidual-like CD56+ CD16- NK cells, a tumor-infiltrating NK 
cell phenotype involved in pro-angiogenic activity [17, 23].

Our previous studies have shown that increased pNK 
cell activity, together with the activation of CD4, CD8, and 
NK cells in the tumor microenvironment, is important for the 
achievement of preoperative chemotherapy efficacy in patients 
with breast cancer [8, 9, 11]. In the present study, we focused 
further on pNK cell activity, pNK subset distributions, and T 
cell percentages in the peripheral blood of different popula-
tions of patients with breast cancer before and after preopera-
tive chemotherapy. The results provide further insight into the 
contributions of antitumor immune responses activated by an-
ticancer agents to the efficacy of preoperative chemotherapy in 
patients with breast cancer.

Materials and Methods

Study design

Patients with stages I - IV breast cancer who received preop-
erative chemotherapy between August 2018 and June 2023 
were enrolled in this cohort study. Blood samples were drawn 
before and after chemotherapy to analyze pNK cell activity 

and to measure the percentages of CD4, CD8, and NK cells 
and their subsets. This retrospective cohort study was conduct-
ed in accordance with the Declaration of Helsinki. The Ethics 
Committee of the Hiroshima Mark Clinic approved this study 
(number: HMC-05), and all specimens were collected with pa-
tients’ informed consent.

Patient eligibility

Eligible patients were women (menopausal status was not a 
criterion) aged < 80 years with an Eastern Cooperative Oncol-
ogy Group performance status of 0; white blood cell counts ≥ 
3,000/mm3; platelet counts ≥ 100,000/mm3; and normal bili-
rubin, aspartate aminotransferase/alanine aminotransferase, 
alkaline phosphatase, and creatine levels. Patients with active 
cardiac disease, pregnant patients, those treated previously for 
breast cancer and/or with anthracycline for malignancy, and 
patients receiving concurrent sex hormone therapy were ex-
cluded. Patients with stage IV disease with multiple lung and/
or liver metastases were also excluded. Breast cancer stages 
were determined according to the tumor-lymph node-metas-
tasis classification scheme recommended by the Union for In-
ternational Cancer Control [24]. Axillary lymph node (ALN) 
metastasis (Ax+) was confirmed by fine-needle aspiration bi-
opsy. For stage IV cases, palliative surgery was performed for 
the effective local control of primary breast cancer.

Clinicopathological factors

For the comparison of preoperative chemotherapy effects, data 
on clinicopathological factors such as the tumor stage, sub-
type, histology, treatment regimen, nuclear grade, and Ki-67 
positivity were collected. Data reflecting antitumor immune 
responses (e.g., NK and T cell percentages in peripheral blood) 
were also collected.

Assessment of pathological and therapeutic effects of pre-
operative chemotherapy

The pathological and therapeutic effects of preoperative chem-
otherapy were evaluated according to the histopathological 
criteria of the Japanese Breast Cancer Society [25, 26]. The 
pathological responses of intramammary lesions were graded 
as follows: grade 0 (G0), minimal or no cancer cell change; 
grade 1a (G1a), mild cancer cell changes or marked changes 
in less than one-third of cancer cells; grade 1b (G1b), marked 
changes in more than one-third but less than two-thirds of 
cancer cells; grade 2a (G2a), marked changes in more than 
two-thirds of cancer cells; grade 2b (G2b), disappearance of 
almost all cancer cells; and grade 3 (G3), apparent disappear-
ance of all cancer cells. Treatment grades were determined ac-
cording to ductal and/or ALN involvement. The resolution of 
lymph-node metastasis was noted when it occurred. Because 
the axillary status has been suggested to be a better prognos-
tic factor than the primary tumor responsiveness to preopera-
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tive chemotherapy, the disappearance of invasive cancer cells 
from all breast tissues and ALNs was regarded as complete 
response (ypT0/is N0) [27, 28]. The disappearance of Ax+ was 
confirmed by the pathological analysis of surgically dissected 
ALNs.

Measurement of pNK cell activity

SRL, Inc. (Tokyo, Japan) measured NK cell activity in periph-
eral blood samples taken before and 3 - 4 weeks after chemo-
therapy using a chromium release assay, as described previ-
ously [8, 9, 11]. Briefly, pNK cells were assayed for cytotoxic 
activity against 51Cr-labeled target (K562) cells. After lympho-
cyte isolation, effector and target cells were adjusted to a 20:1 
ratio, plated, and incubated at 37 °C for 3.5 h under CO2. The 
cells were then centrifuged, and supernatants were collected 
and counted in a gamma counter. pNK cell activity was cal-
culated as experimental group release - background release/
maximal release - background release.

Measurement of CD4, CD8, and NK cells and their sub-
sets in peripheral blood

SRL, Inc. determined counts and percentages of CD4, CD8, and 
NK cells and their subsets in peripheral blood collected before 
and after chemotherapy using two-color flow cytometry. In brief, 
two monoclonal antibody pairs (T4/T8 (Beckman Coulter, Brea, 
CA, USA) and CD16/CD56 (BD Biosciences, Franklin Lakes, 
NJ, USA/Beckman Coulter)) conjugated with fluorescein isothi-
ocyanate and phycoerythrin were used. The samples and mono-
clonal antibodies were dispended, and specimen aliquots were 
adjusted to 50 µL and incubated for 20 min at 4 °C in the dark. 
Then, lysing reagent was added with mixing, and the specimens 
were left at room temperature for 10 min. Centrifugal washing 
was then performed, and supernatants were removed. Phosphate-
buffered saline was added, followed by centrifugation, superna-
tant removal, and analysis by flow cytometry (FACS Canto II; 
BD Biosciences). The following gating strategy was used for NK 
cell subsets. Using a histogram with a forward scatter (FSC)/side 
scatter (SSC) parameter set, gating was performed on a popu-
lation of FSC-low and SSC-low (lymphocyte) areas. The gated 
lymphocyte population was subjected to two-color analysis of 
CD56/CD16 as a population. The distributions of CD56 (phy-
coerythrin) and CD16 (fluorescein isothiocyanate) staining were 
examined for each label; two-color parameter dot plots of CD56/
CD16 on the y and x axes were expanded to observe the dis-
tributions of CD56+ CD16-, CD56+ CD16+, CD56- CD16+, and 
CD56- CD16- cells. Positivity rates of these cells relative to the 
total population were then calculated.

Statistical analysis

All data were analyzed using Statcel 4 software (OMS Pub-
lishing Inc., Tokyo, Japan). Continuous and independent vari-
ables were analyzed using the Mann-Whitney test. Categorical 

variables were analyzed using the Chi-squared test and Fish-
er’s exact test. Univariate and multivariate analyses were per-
formed to evaluate associations of dependent variables (thera-
peutic effects) with independent variables (clinicopathological 
factors, pNK cell activity, NK cell subsets (CD56+ CD16-, 
CD56- CD16-, CD56- CD16+, CD56+ CD16+), CD4 and CD8 
concentrations, and the CD4/CD8 ratio). Odds ratios (ORs) 
with 95% confidence intervals (CIs) are reported. P values < 
0.05 were considered to be significant.

Results

Patient and treatment characteristics

In total, 43 patients (median age: 55 years; range: 31 - 76 years) 
with stages I (n = 1), II (n = 29), III (n = 8), and IV (n = 5) breast 
cancer were included in this study. The clinical characteristics 
of the stage-IV cases were T4bN3M1 (bone/liver), T4bN3M1 
(bone), T3N2M1 (bone), T3N0M1 (bone), and T1N1M1 (bone), 
respectively. The tumor subtypes were L (n = 29), HER-2+ (n = 
7), and TN (n = 7). The histological types were invasive ductal 
carcinoma, not otherwise specified (n = 38); invasive lobular 
carcinoma (n = 2); and other (n = 3). The treatment regimens 
included taxanes, epirubicine (E), cyclophosphamide (C), and 
trastuzumab (Tz) and/or pertuzumab (Pz). Thirty-eight patients 
were treated with EC + taxanes (six with Tz and five with Pz), 
one patient was treated with EC + dose-dense (dd) albumin-
bound paclitaxel (nab-PTX) and ddEC + nab-PTX, two patients 
were treated with ddEC + ddnab-PTX, and one patient was treat-
ed with docetaxel + carboplatin + Pz + Tz followed by ddEC. 
Pz and Tz were used for HER-2+ tumors. Taxanes were given as 
nab-PTX, docetaxel, or paclitaxel. The pathological and thera-
peutic responses were G0 in two patients, G1a in eight patients, 
G1b in 10 patients, G2a in six patients, G2b in four patients, and 
G3 (complete) in 13 patients. The pCR rate was 18.6%.

Associations of clinicopathological factors with pathologi-
cal effects

Relative to G ≤ 1 effects, G ≥ 2 therapeutic effects were as-
sociated significantly with HER-2+ breast cancer (P = 0.024), 
treatment with Tz (P = 0.008) and Pz (P = 0.017), high Ki-67+ 
rates (P = 0.036), and high pre-chemotherapy pNK cell activity 
(P = 0.057; Table 1, Fig. 1). Relative to Ax+, the disappearance 
of Ax+ was associated significantly with the treatment of HER-
2+ breast cancer with Tz and/or Pz (P = 0.046), which yielded 
G ≥ 2 therapeutic effects, and higher pre-chemotherapy Ki-67+ 
rates (P = 0.040) (Table 2). HER-2+ breast cancer was more re-
sponded to targeted combination chemotherapy than are HR+ 
HER- and TN (any HR status) breast cancers. Relative to lower 
rates, higher Ki-67+ rates were associated with greater sensi-
tivity to anticancer drugs. Pre-chemotherapy pNK cell activity 
was significantly lower among patients in whom this activity 
subsequently increased than among those in whom it decreased 
(P = 0.030), and the post-chemotherapy level was higher in the 
former group (P = 0.005) (Table 3). Differences in pNK cell 
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Table 1.  Univariate Associations of Pathological Responses With Clinicopathological Factors in 43 Patients With Breast Cancer 
Who Received Preoperative Chemotherapy

Variable
Pathological response

P value
Decreased (≤ G1, n = 20) Increased (≥ G2, n = 23)

Median age, years (range) 51 (43 - 76) 57 (31 - 71) NSa

Stage, n
  I 0 1 NSa

  II 14 15
  III 5 3
  IV 1 4
Subtype, n
  Luminal A 3 0 0.024b

  Luminal B 12 14
  Luminal-HER-2 0 6
  HER-2 0 1
  TN 5 2
Histological type
  IDC/NOS 18 20 NSb

  ILC 0 2
  Others 2 1
Treatment regimen, n
  EC/taxanes 16 22 (Tz: 6, Pz: 5)
  EC/ddnab-PTX 1 0 NSb

  ddEC/nab-PTX 1 0
  ddEC/ddnab-PTX 2 0
  TCHP/ddEC 0 1 (Tz + Pz)
Tz, n
  Tz- 20 16 0.008c

  Tz+ 0 7
Pz, n
  Pz- 20 17 0.017c

  Pz+ 0 6
Nuclear grade, n
  1 1 0 NSa

  2 9 6
  3 20 17
Ki-67 positivity, n
  < 15% 3 0 0.038a

  15-35% 11 10
  > 35% 6 13
dpNK
  Pre-chemo 34.5 (6 - 49) 42.0 (9 - 65) 0.057a

  Post-chemo 36.0 (4 - 71) 35.0 (4 - 62) NSa

dCD56+ CD16-
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Variable
Pathological response

P value
Decreased (≤ G1, n = 20) Increased (≥ G2, n = 23)

  Pre-chemo 3.3 (1.4 - 11.7) 5.1 (1.6 - 25.5) 0.054a

  Post-chemo 5.5 (2.1 - 17.6) 8.4 (2.7 - 31.8) 0.042a

dCD56- CD16-

  Pre-chemo 82.0 (65.9 - 88.0) 73.1 (38.3 - 88.1) NSa

  Post-chemo 63.3 (44.8 - 86.9) 62.5 (29.4 - 74.5) NSa

dCD56- CD16+

  Pre-chemo 3.5 (1.1 - 12.6) 3.4 (0.9 - 13.2) NSa

  Post-chemo 3.9 (1.2 - 11.7) 4.1 (1.1 - 14.3) NSa

dCD56+ CD16+

  Pre-chemo 12.3 (4.6 - 27.0) 14.4 (5.1 - 53.8) NSa

  Post-chemo 20.5 (5.4 - 39.5) 18.3 (9.0 - 59.3) NSa

dCD4
  Pre-chemo 46.4 (29.6 - 66.2) 47.8 (23.4 - 57.6) NSa

  Post-chemo 36.4 (21.5 - 55.8) 37.5 (18.6 - 55.1) NSa

dCD8
  Pre-chemo 31.4 (19.3 - 45.5) 31.2 (15.7 - 43.3) NSa

  Post-chemo 40.1 (25.3 - 58.2) 38.9 (24.8 - 61.8) NSa

dCD4/CD8
  Pre-chemo 1.4 (0.7 - 2.9) 1.4 (0.5 - 3.6) NSa

  Post-chemo 0.8 (0.5 - 2.2) 0.9 (0.4 - 1.8) NSa

aMann-Whitney test. bChi-squared test. cFisher’s exact test. dData were expressed as median (range). G1: grade 1; G2: grade 2; NS: not significant; 
HER-2: human epidermal growth factor receptor 2; TN: triple negative; EC: epirubicine/cyclophosphamide; PTX: paclitaxel; Tz: trastuzumab; ddEC: 
dose-dense EC; ddnab-PTX: dose-dense albumin-bound paclitaxel; TCHP: docetaxel/cyclophosphamide/trastuzumab/pertuzumab; Tz: trastuzum-
ab; Pz: pertuzumab; pNK: peripheral natural killer; Pre-chemo: pre-chemotherapy; Post-chemo: post-chemotherapy.

Table 1.  Univariate Associations of Pathological Responses With Clinicopathological Factors in 43 Patients With Breast Cancer 
Who Received Preoperative Chemotherapy - (continued)

Figure 1. Box plots of pathological responses in primary tumors and peripheral natural killer cell activity before (a) and after (b) 
preoperative chemotherapy in 43 patients with breast cancer. The vertical axis represents peripheral natural killer cell activity. 
The box-plot analysis was performed using Excel software and individual data on pNK cell activity. The whiskers are error bars 
representing the minimum - maximum range, with the interquartile (25th - 75th percentile) range extended 1.5 times. The bottoms 
and tops of the boxes are the 25th and 75th percentiles, respectively, the lines in the boxes are the 50th percentiles (medians), 
and the Xs are the means. G: grade; NS: not significant.
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Table 2.  Univariate Associations of Disappearance of Axillary Lymph Node Metastasis With Clinicopathological Factors in 26 Pa-
tients With Breast Cancer Who Received Preoperative Chemotherapy

Variable
Axillary lymph node metastasis

P value
Not disappeared (n = 16) Disappeared (n = 10)

Median age, years (range) 50.5 (46 - 76) 53 (31 - 67) NSa

Stage, n
  II 11 7 NSa

  III 5 3
Subtype, n
  Luminal A 1 0 NSb

  Luminal B 12 6
  Luminal-HER2 0 2
  HER-2 0 1
  TN 3 1
Histological type
  IDC/NOS 14 8 NSb

  ILC 1 0
  Others 1 2
Treatment regimen, n
  EC/taxanes 14 8 (Tz + Pz: 2) NSb

  EC/ddnab-PTX 1 0
  ddEC/ddnab-PTX 1 1
  TCHP/ddEC 0 1 (Tz + Pz: 1)
Tz + Pz, n
  Tz/Pz- 16 7 0.046c

  Tz/Pz+ 0 3
Nuclear grade, n
  1 1 0 NSa

  2 6 2
  3 9 8
Ki-67 positivity, n
  < 15% 2 0 0.040a

  15-35% 10 3
  > 35% 4 7
dpNK, n
  Pre-chemo 36.5 (6 - 60) 27.5 (9 - 50) NSa

  Post-chemo 34.0 (4 - 67) 31.0 (10 - 59) NSa

dCD56+ CD16
  Pre-chemo 4.2 (1.7 - 11.7) 5.3 (1.4 - 9.4) NSa

  Post-chemo 5.6 (2.1 - 17.6) 10.2 (4.9 - 14.1) NSa

dCD56- CD16
  Pre-chemo 72.4 (64.9 - 88.0) 82.4 (65.9 - 88.1) NSa

  Post-chemo 63.0 (49.4 - 86.9) 67.2 (51.7 - 74.5) NSa

dCD56- CD16+

  Pre-chemo 3.5 (1.2 - 13.2) 2.2 (0.9 - 6.7) NSa
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Table 3.  Univariate Associations of pNK Cell Activity With Clinicopathological Factors in 41 Patients With Breast Cancer Who Re-
ceived Preoperative Chemotherapy

Variable
pNK cell activity

P value
Decrease (n = 16) Increase (n = 25)

Median age, years (range) 52.5 (31 - 66) 58 (33 - 76) NSa

pNK cell activity Pre-chemo 44 (6 - 65) 24 (8 - 55) 0.030a

Post-chemo 24 (4 - 51) 42 (13 - 71) 0.005a

Stage, n
  I 1 0 NSa

  II 11 16
  III 3 5
  IV 1 4
Subtype, n
  Luminal A 0 3 NSb

  Luminal B 10 14
  Luminal-HER-2 4 2
  HER-2 1 0
  TN 1 6
Histological type
  IDC/NOS 15 21 NSb

  ILC 0 2
  Others 1 2
Treatment regimen, n
EC/taxanes 14 (Tz 4, Pz 3) 22 (Tz 2; Pz:2) NSb

Variable
Axillary lymph node metastasis

P value
Not disappeared (n = 16) Disappeared (n = 10)

  Post-chemo 5.1 (1.2 - 14.3) 3.3 (1.1 - 11.7) NSa

dCD56+ CD16+

  Pre-chemo 14.9 (4.6 - 27.0) 10.6 (5.1 - 19.9) NSa

  Post-chemo 22.3 (5.4 - 35.1) 17.9 (12.5 - 33.2) NSa

dCD4
  Pre-chemo 46.4 (29.6 - 66.2) 47.6 (34.0 - 57.1) NSa

  Post-chemo 36.0 (24.6 - 55.8) 38.0 (21.5 - 55.1) NSa

dCD8
  Pre-chemo 32.9 (20.4 - 40.3) 25.9 (15.7 - 45.5) NSa

  Post-chemo 42.3 (25.3 - 50.0) 37.7 (30.5 - 58.2) NSa

dCD4/CD8
  Pre-chemo 1.4 (0.7 - 2.9) 1.4 (0.5 - 3.6) NSa

  Post-chemo 0.8 (0.5 - 2.2) 0.9 (0.4 - 1.8) NSa

aMann-Whitney test. bChi-squared test. cFisher’s exact test. dData were expressed as median (range). G1: grade 1; G2: grade 2; NS: not significant; 
HER-2: human epidermal growth factor receptor 2; TN: triple negative; IDC: invasive ductal carcinoma; NOS: not otherwise specified; ILC: invasive 
lobular carcinoma; EC: epirubicine/cyclophosphamide; PTX: paclitaxel; Tz: trastuzumab; ddEC: dose-dense epirubicine/cyclophosphamide; ddnab-
PTX: dose-dense albumin-bound paclitaxel; TCHP: docetaxel/cyclophosphamide/trastuzumab/pertuzumab; Tz: trastuzumab; Pz: pertuzumab; pNK: 
peripheral natural killer; Pre-chemo: pre-chemotherapy; Post-chemo: post-chemotherapy.

Table 2.  Univariate Associations of Disappearance of Axillary Lymph Node Metastasis With Clinicopathological Factors in 26 Pa-
tients With Breast Cancer Who Received Preoperative Chemotherapy - (continued)
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Variable
pNK cell activity

P value
Decrease (n = 16) Increase (n = 25)

  EC/ddnab-PTX 0 1
  ddEC/nab-PTX 0 1
  ddEC/ddnab-PTX 1 1
TCHP/ddEC 1 (Tz 1, Pz 1) 0
Tz, n
  Tz- 11 23 NSc

  Tz+ 5 2
Pz, n
  Pz- 12 23 NSc

  Pz+ 4 2
Nuclear grade, n
  1 0 1 NSa

  2 7 7
  3 9 17
Ki-67 positivity, n
  < 15% 0 3 NSa

  15-35% 10 10
  > 35% 6 12
CD56+ CD16-

  Pre-chemo 3.2 (1.4 - 18.6) 4.2 (1.4 - 25.5) NSa

  Post-chemo 6.2 (2.1 - 31.8) 8.4 (4.0 - 30.3) NSa

CD56- CD16-

  Pre-chemo 72.4 (59.4 - 85.6) 78.5 (38.3 - 88.0) NSa

  Post-chemo 62.4 (49.4 - 86.9) 62.6 (29.4 - 86.7) NSa

CD56- CD16+

  Pre-chemo 3.8 (0.9 - 12.6) 3.4 (0.9 - 13.2) NSa

  Post-chemo 5.3 (1.2 - 14.3) 3.7 (1.3 - 11.1) NSa

CD56+ CD16+

  Pre-chemo 14.2 (4.6 - 34.9) 9.9 (6.0 - 53.8) NSa

  Post-chemo 18.1 (5.4 - 34.4) 19.8 (6.9 - 59.3) NSa

CD4
  Pre-chemo 45.9 (29.6 - 59.7) 47.8 (23.4 - 66.2) NSa

  Post-chemo 37.2 (24.6 - 55.1) 37.5 (21.5 - 55.8) NSa

CD8
  Pre-chemo 32.2 (15.7 - 42.3) 31.2 (19.3 - 45.5) NSa

  Post-chemo 41.0 (24.8 - 61.8) 39.7 (25.3 - 58.2) NSa

CD4/CD8
  Pre-chemo 1.4 (0.7 - 3.6) 1.5 (0.5 - 2.9) NSa

  Post-chemo 0.9 (0.4 - 1.8) 0.8 (0.5 - 2.2) NSa

aMann-Whitney test. bChi-squared test. cFisher’s exact test. pNK: peripheral natural killer; NS: not significant; HER-2: human epidermal growth fac-
tor receptor 2; TN: triple negative; IDC: invasive ductal carcinoma; NOS: not otherwise specified; ILC: invasive lobular carcinoma; EC: epirubicine/
cyclophosphamide; ddnab-PTX: dose dense albumin-bound paclitaxel; ddEC: dose dense EC; TCHP: docetaxel/cyclophosphamide/trastuzumab/
pertuzumab; Tz: trastuzumab; Pz: pertuzumab; Pre-chemo: pre-chemotherapy; Post-chemo: post-chemotherapy.

Table 3.  Univariate Associations of pNK Cell Activity With Clinicopathological Factors in 41 Patients With Breast Cancer Who Re-
ceived Preoperative Chemotherapy - (continued)



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   www.wjon.org690

CD56+ CD16- NK Cells and Chemotherapy Response World J Oncol. 2024;15(4):682-694

activity between the decrease and increase groups were not 
associated with any clinicopathological factor in 41 patients, 
excluding two patients with no change in this activity (Table 
3). These findings are consistent with our previous reports on 
different patient populations and suggest that increases in pNK 
activity after preoperative chemotherapy reflecting systemic 
immune activation contribute to the elimination of metastatic 
tumor cells via the local release of immunosuppressive factors 
in the tumor microenvironment [8].

Associations of pNK cell subsets with pathological effects

Among pNK cell subsets, the median percentage of CD56-

 CD16- NK cells was highest, followed by those of CD56+ 
CD16+, CD56- CD16+, and CD56+ CD16- NK cells. These 
findings differ from previous reports that the most common 
pNK subset in patients with breast cancer is CD56dim CD16+, 
although the percentages of the other subsets are similar [16]. 
Relative to G ≤ 1 effects, G ≥ 2 therapeutic effects tended to 
be associated with increased pre-chemotherapy (P = 0.054) 
and post-chemotherapy (P = 0.042) percentages of CD56+ 
CD16- NK cells (Table 1, Fig. 2). No such association was 
observed with the percentages of other pNK cell subtypes, the 
percentages of CD4 or CD8 T cells, or the CD4/8 ratio (Table 
1). These findings suggest that increases in CD56+ CD16- pNK 

cells before and after preoperative chemotherapy contribute to 
the activation of antitumor immunity, and thus the improve-
ment of the therapeutic effect, in patients with breast cancer. 
Nevertheless, G ≥ 2 therapeutic effects tended to be associated 
only with higher pre-chemotherapy pNK levels in the multi-
variate regression analysis (OR = 0.96; 95% CI: 0.92 - 1.00; P 
= 0.067) (Table 4); they were not associated with higher pre- 
or post-chemotherapy percentages of CD56+ CD16- NK cells. 
These results suggest that increases in CD56+ CD16- NK cells 
contribute less to the systemic immune response that improves 
the therapeutic effect than do increases in pNK cell activity al-
though an increase in CD56+ CD16- NK cells may affect pNK 
cell activity.

Discussion

In this study, patients who responded to preoperative chemo-
therapy tended to have higher percentages of CD56+ CD16-

 pNK cells before and after chemotherapy and more pNK 
cells derived from bone marrow before chemotherapy. CD56+ 
CD16- NK cells are less mature and poorly cytolytic compared 
with other NK cells, but they have an immunoregulatory phe-
notype, developing into CD56+ CD16+ and CD56- CD16+ NK 
cells that produce large quantities of cytokines such as IFN-γ 
and express activator receptors. These processes result in a cy-

Figure 2. Box plots of pathological responses in primary tumors and percentages of CD56+ CD16- natural killer (NK) cells before 
(a) and after (b) preoperative chemotherapy in 43 patients with breast cancer. The vertical axis represents percentage of CD56+ 
CD16- NK cells. The whiskers are error bars representing the minimum - maximum range, with the interquartile (25th - 75th 
percentile) range extended 1.5 times. The bottoms and tops of the boxes are the 25th and 75th percentiles, respectively, the 
lines in the boxes are the 50th percentiles (medians), outliers are shown as closed circles, and the Xs are the means. G: grade.

Table 4.  Multivariate Associations of G2 and Better Therapeutic Effects With pNK Cell Activity Before Chemotherapy, CD56+ CD16- 
NK Cell Subset Before and After Chemotherapy in 43 Patients With Breast Cancer Who Received Preoperative Chemotherapy

Dependent variable Independent variable OR (95% CI) P value
G2 and better therapeutic effects Pre-chemo pNK cell activity 0.96 (0.92 - 1.00) 0.067

Pre-chemo CD56+ CD16- 0.99 (0.70 - 1.39) 0.958
Post-chemo CD56+ CD16- 0.90 (0.70 - 1.15) 0.396

Pre-chemo: pre-chemotherapy; Post-chemo: post-chemotherapy; G2: grade 2; pNK: peripheral natural killer; NK: natural killer; OR: odds ratio; CI: 
confidence interval.
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totoxic phenotype and recruitment to primary tumor sites, with 
enhancement of the antitumor effect in crosstalk with CD4 and 
CD8 T cells and the contribution to primary tumor shrinkage 
(Fig. 3). In addition, CD16 cells express Fcγ RIII, which binds 
to the Fc region of monoclonal antibodies that bind to cancer 
cells and secrete perforin and granzyme B, inducing the apop-
totic death of breast cancer cells and thereby exerting antibody-
dependent cellular cytotoxicity (ADCC). Importantly, CD56 
positivity includes CD56bright CD16- and CD56dim CD16- cells, 
which develop into CD56bright CD16+ and CD56dim CD16+ 
cells, respectively. These NK cell subsets exert potent cyto-
toxic activities against various cancer cells [29]. Conversely, 
tumor-associated CD56+ CD16- NK cells are also involved in 
tumor growth and angiogenesis via the production of immu-
nosuppressive cytokines such as VEGF and TGF-β1 [17, 30], 
which converts CD56+ CD16+ and CD56- CD16+ cells into 
CD56+ CD16- and CD56- CD16- cells, respectively, thereby 

allowing cancer cells to escape NK-mediated antitumor immu-
nity [30], depending on the tumor microenvironment.

In this study, patients with HER-2+ breast cancer treated 
with an anthracycline and a taxane plus Tz and/or Pz showed G 
≥ 2 treatment responses. The majority of patients with L-type 
breast cancer also showed such treatment responses. These 
findings suggest that the ADCC-mediated activation of CD16+ 
NK cells by HER-2-targeted therapy enhances therapeutic effi-
cacy against HER-2+ breast cancer, but that the development of 
CD56+ CD16+ NK cells from CD56+ CD16- NK cells enhanc-
es NK-mediated direct lysis by modulating activator receptors, 
also contributing to the enhancement of the therapeutic effect 
on primary breast tumors after preoperative chemotherapy.

The distribution of NK cell subsets varies by cancer type, 
suggesting that these cells are characterized by plasticity and 
heterogeneity in patients with cancer [12]. In patients with 
breast cancer, the proportion of immature, non-cytotoxic NK 

Figure 3. Model of the role of natural killer (NK) cells in the improvement of the effects of preoperative chemotherapy for breast 
cancer. Larger quantities of CD56+ CD16- NK cells in peripheral blood before and after chemotherapy are recruited to primary 
tumor sites, where they are converted from this immunomodulatory state with poor cytolytic effects to CD56+ CD16+ cells with 
cytotoxic effects via the production of interferon gamma (IFN-γ), which can contribute to primary tumor shrinkage in crosstalk with 
CD4 and CD8 T cells. Conversely, the phenotype of tumor-associated CD56+ CD16- NK cells is also involved in tumor growth 
and angiogenesis, derived from transforming growth factor beta (TGF-β) in the tumor microenvironment (TME). VEGF: vascular 
endothelial growth factor.
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cell subsets increase with disease progression [14]. In this 
study, the median distribution of CD56- CD16+ NK cell per-
centages was associated significantly with TN breast cancer. 
CD56- CD16- NK cell subset enrichment was observed and 
reflected by the low cytotoxic activity of NK cells, resulting in 
the evasion of antitumor immunity and the promotion of tumor 
growth [14]. As the distribution of pNK cell subsets correlates 
with the distribution of NK cell subsets at tumor sites, this situ-
ation is associated with primary tumor enrichment with CD56- 
CD16- pNK cells [14].

In our previous studies of antitumor immune activation 
after preoperative chemotherapy for breast cancer, increased 
pNK activity, NK cell expression, and pre-chemotherapy 
CTLA-4 expression and decreased platelet/lymphocyte ra-
tios and VEGF expression were associated with Ax+ disap-
pearance, regardless of tumor subtype [8, 9, 11]. In addition, 
increased pre-chemotherapy CTLA-4 expression and NK, 
CD4, and CD8 expression at primary tumor sites were as-
sociated with G ≥ 2 therapeutic effects [8, 9, 11]. Interest-
ingly, increased expression of the protumor factors TGF-β 
and interleukin 6, instead of antitumor factors, was observed 
in this context [8, 11]. These findings are consistent with an 
antitumor immune response derived from anticancer agent-
induced local and systemic immune activation, and the high 
pre- and post-chemotherapy levels of CD56+ CD16- pNK cell 
subsets observed in the present study may be partly responsi-
ble for such antitumor immune activation and thus improved 
therapeutic effects at primary tumor sites. Importantly, small 
increases in CD56+ CD16+ pNK cell subsets converted from 
CD56+ CD16- pNK cells may play a role in tumor microenvi-
ronment regulation and facilitate therapeutic responses to an-
ticancer drugs. Although previous studies have revealed dif-
ferences in pNK subsets in benign tumors and breast cancer, 
including advanced stages [16], changes in specific pNK sub-
sets after preoperative chemotherapy in patients with breast 
cancer have not, to our knowledge, been reported outside of 
this study.

Preoperative chemotherapy is generally given to patients 
with stages-II and -III breast cancer, resulting in downstag-
ing for the performance of breast-conserving surgery, and 
pCR predicts a better prognosis than non-CR in patients with 
HER-2+ and TN breast cancer. Five patients in this study had 
de-novo stage-IV (metastatic) disease. Clinical and molecular 
analyses have shown that metastatic disease often shares mo-
lecular similarities with primary tumors [31], and four of these 
patients had G ≥ 2 therapeutic responses, which can be ex-
plained by the activation of NK-mediated antitumor immunity.

Limitations of this study include the small sample size 
and the lack of analysis of activator and inhibitor receptors 
on NK cells and NK cell subsets at tumor sites. In addition, 
we did not measure the pre-chemotherapy levels of cytokines 
such as IFN-γ and TGF-β in peripheral blood. In a preliminary 
study, however, we observed that IFN-γ levels before and af-
ter chemotherapy differed between some responders and non-
responders, and that TGF-β levels before chemotherapy dif-
fered among non-responders. To elucidate the functional role 
of CD56+ CD16- pNK cells in chemotherapy effects in patients 
with breast cancer, we will continue to study relationships be-
tween these differences and treatment responses.

Conclusions

In this study, high pre- and post-preoperative chemotherapy 
levels of CD56+ CD16- NK cells may have contributed to pri-
mary breast tumor shrinkage, possibly via homing to ALNs 
and conversion to CD56+ CD16+ NK cells, which acquire cy-
totoxic activity through IFN-γ secretion and recruitment. This 
antitumor effect contrasts with the protumor effects of NK 
cells in the tumor microenvironment. The functional roles of 
different pNK subsets in breast cancer and the relevance of 
NK cells in the tumor microenvironment need to be elucidated, 
which may guide the design of novel therapeutic interventions 
targeting NK cells. Further studies are needed to more precise-
ly determine how NK cell activation is involved in therapeu-
tic efficacy against breast cancer, and how tumor-associated 
NK cells are reactivated as an antitumor effect by preoperative 
chemotherapy and other treatment strategies.
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