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Abstract
Background: Allogeneic natural killer (NK) cell immunotherapy is recognized as a promising anti-tumor strategy, but whether it
plays a role in poor CD4 recovery among human immunodeficiency virus type 1 (HIV-1) infected patients is unknown. This study
aimed to investigate the safety and effectiveness of allogeneic NK cells immunotherapy on HIV-1 immunological non-responders
(INRs) receiving antiretroviral therapy (ART).
Methods: From February to April 2018, a prospective, randomized, controlled, open-label clinical trial, which enrolled 20 HIV-1
INRs following specific inclusion criteria, was conducted at Nankai University Second People’s Hospital. Participants were
randomly allocated (simple randomization 1:1) to either the combined treatment (NK + ART) group (n= 10) or the control (ART)
group (n= 10). The allogenic highly activated NK cells from killer cell immunoglobulin-like receptor (KIR)/human leukocyte
antigen (HLA)-Cwmismatched healthy donor were prepared (108 cells in each injection) and intravenously infused to each recruited
patient of NK+ART group in three courses. Key immune parameters (CD4 count, CD8 count, CD4/CD8 ratio), laboratory tests
(count of blood cells, biochemistry panel) and symptoms at baseline and at month 1, 3, 6, 9, 12, and 24 were measured/collected to
analyze the safety and efficacy of the therapy. Comparisons were between the seven time-points of both groups using repeated
measurement analysis of variance (ANOVA) test. Generalized estimating equations (GEE) model was performed to evaluate the
overall effect of the NK+ART group vs. the ART group.
Results: From baseline to 24 months, we noted a mean CD4 count augmentation (139 to 243 cells/mL) in the NK + ART group and
(144 to 176 cells/mL) in the ART group (difference, 67; 95% CI, 10 to 124; P= 0.024). Our estimations revealed that NK+ART
group could improve CD4 level (b= 54.59, P= 0.006) and CD8 level (b= 322.47, P= 0.010) on average among the six
measurements compared with the ART group. Only two (2/10, 20%) participants in the NK+ART group developed a transient mild
fever after the first course.
Conclusions: This preliminary study informs that HIV-1 INRs, allogenic NK cells immunotherapy is safe and could significantly
improve CD4 recovery but not CD4/CD8 ratio. The practical effects, however, need long-term follow-up observations. Further
study on the potential underlying mechanism is warranted.
Registration info: www.chictr.org.cn/showproj.aspx?proj=34912 (No. ChiCTR1900020634).
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Introduction
Despite successful viral suppression under antiretroviral
therapy (ART), approximately 10% to 40% of human
immunodeficiency virus type 1 (HIV-1) patients fail to
reconstitute their CD4+ T-cell counts to similar levels of
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healthy controls.[1] Immunological non-responders (INRs)
are usually defined as patients with peripheral CD4 counts
< 200 cells/mL in 2 years after ART initiation, with an
undetectable plasma viral load.[2,3] The potential mecha-
nisms of inadequate immune reconstitution are unclear;
Huan Xia and Yin Wang contributed equally to this work.

Correspondence to: Dr. Ping Ma, Department of Infectious Diseases, Nankai
University Second People’s Hospital, Tianjin 300192, China
E-Mail: mapingtianjin@163.com

Copyright © 2020 The Chinese Medical Association, produced by Wolters Kluwer, Inc. under the
CC-BY-NC-ND license. This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from the journal.

Chinese Medical Journal 2020;133(23)

Received: 26-06-2020 Edited by: Ning-Ning Wang

http://www.chictr.org.cn/showproj.aspx?proj=34912
mailto:mapingtianjin@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0


Chinese Medical Journal 2020;133(23) www.cmj.org
the main factors involved are low nadir CD4 count, older
age, reduced thymic output, aberrant immune activation,
residual virus replication, and so on.[1] Immunological
recovery failure associates with increased morbidity and
mortality in HIV-1 positive patients and currently lacks
effective treatment.[1] Allogeneic-activated natural killer
(NK) cells immunotherapy has presently reported as being
a promising anti-tumor strategy, ranging from hematolog-
ical malignancies to various types of solid tumors.[4,5]

Most of the NK cells exhibit efficient anti-tumor cytolytic
activity by recognizing non-self without prior activation or
immunization.[5] Uniformly, NK cells represent critical
innate immune cells that can rapidly recognize and kill
virally infected cells. However, whether allogeneic NK cells
immunotherapy plays a role in poor CD4 recovery among
RNA suppressed ART-treated HIV-1 infected patients is
unknown. Then we conducted this cellular trial using
allogeneic NK cells to investigate their safety and clinical
efficacy in the treatment of HIV-1 INRs.
Methods

Ethical approval

The Human Medical Ethics Committee of Tianjin Second
People’s Hospital approved the study (No. 2018-27),
which was registered at the Chinese Clinical Trial Registry
(No. ChiCTR1900020634). Written informed consent
was provided by each participant.
Study participants

Between February 2018 and April 2018, 20 HIV-1 patients
were enrolled and randomly assigned (simple randomiza-
tion 1:1) either in the allogeneic NK cells immunotherapy
combined with ART group (NK + ART) (n= 10) or the
control (ART) group (n= 10). The inclusion criteria were as
follows: (1) 18 to 65 years old; (2) stable ART for at least 2
years; (3) CD4 count < 200 cells/mL in 2 years after ART
initiation; (3) plasma HIV RNA< 20 copies/mL. Exclusion
criteria were as listed: (1) history of prior malignancies; (2)
active opportunistic infections within 4 months prior to
recruitment; (3) Active substance abuse; (4) pregnant or
breastfeeding women; (5) allergic constitution; (6) critically
illness; (7) any psychiatric or medical condition that might
influence the study according to the investigator.
Cell products preparation

Allogenic NK cells were prepared under good manufactur-
ing practice (GMP) conditions in a certified laboratory.[6]

The donors were selected based on DNA genotyping of
their human leukocyte antigen (HLA)-Cw mismatch with
the killer cell immunoglobulin-like receptor (KIR) of HIV-
1 patients, and their peripheral blood mononuclear cells
(PBMC) were collected. KIR/HLA-Cw mismatch was
defined as the absence of one or more HLA alleles known
to be ligands for the inhibitory KIR typing, based on
previously published criteria.[7] The human NK cells in
vitro culture synergistic kit (HAHK Bioengineering Co.
Ltd., Shenzhen, China) was used according to the
manufacturer’s instructions, with X-VIVO 15 serum-free
medium (Lonza, Walkersville, MD, USA), interleukin
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(IL)-2, and membrane chimeric cellular factors including
IL-21 which co-stimulate expansion and activation of NK
cells in the PBMC for about 14 days. The NK cells were
then purified by a magnetic cell separator (Miltenyi Biotec,
Germany). The final products were used for the infusion.
The details of the method and cell product profile have
already been published.[6]
NK therapy procedure

The patients in the NK + ART group received continuous
treatment of three courses of NK cells immunotherapy,
three consecutive days for each course, and the interval of
two courses was 1 month. After each infusion of 108 cells,
the participants were observed for 3 h tomonitor their vital
signs (blood pressure, heart rates) and the onset of eventual
symptom was reported. Then, the participants were
followed-up with successive visits at 1, 3, 6, 9, 12, and
24 months after the last injection of NK cells. On each
subsequent visit, peripheral blood was sampled to detect
HIV viral load, determine CD4 count, establish a complete
blood count, and evaluate the biochemical blood index.
The ART group did not receive NK cell products as it serves
as a control to evaluate the effects of the intervention.
Safety and efficacy evaluation

The primary outcome was CD4+ T-cell count at 24 months
after NK cells treatment. The secondary outcomes
were represented by two other parameters recorded at
24 months after NK cells infusion; they were: CD8+ T-cell
count and CD4/CD8 ratio.

Adverse events (AEs) during the trial and post-treatment
were recorded. All AEs were evaluated in accordance with
the Common Terminology Criteria for Adverse Events
(CTCAE) Version 5.0.[8]
Statistical analysis

Categorical variables were reported as frequencies (percen-
tages); continuous variables were presented as median
(interquartile range) or mean ± standard deviation as
appropriate. Differences in categorical variables were
assessed using the chi-square test or Fisher exact test.
Continuous variables were compared using t-tests orMann-
WhitneyU test. Comparisons were between the seven time-
points of both groups using repeated measurement analysis
of variance (ANOVA) test.Generalized estimating equations
(GEE) model was performed to evaluate the overall effect of
the NK+ART group vs. the ART group, we hypothesized
that correlation depends on interval of time between
responses, so autoregressive (AR) (1) correlation matrix
was used. A two-tailed P value < 0.05 was considered
statistically significant. All analyses were performed using
SAS version 9.4 software (SAS Institute, Cary, NC, USA).
Results

Profile of the participants

There were 20 patients meeting the inclusion criteria that
were willing to participate in the trial. Ten were allocated
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to NK +ART group and 10 to the control group. As shown
in Table 1, the two groups were comparable in terms of
sex, age, CD4+ T-cell count, nadir CD4, CD8+ T-cell
count, CD4/CD8 ratio, plasma HIV RNA, and ART
duration.
Efficacy

The mean CD4 count from baseline to 24 months
increased from 139 to 243 cells/mL in the NK + ART
group and from 144 to 176 cells/mL in the ART group
(difference, 67; 95% CI, 10 to 124; P = 0.024). The mean
CD8 count from baseline to 24months increased from 637
to 839 in the NK + ART group but decreased from 771 to
541 in the ART group (difference, 298; 95% CI, �61 to
657; P= 0.098). There were no significant differences
between the NK + ART group and the ART group in the
CD4/CD8 ratio level (0.34 vs. 0.38; difference, –0.04; 95%
CI, –0.19 to 0.11; P= 0.569) assessed at 24 months
[Figure 1A–C].

Considering the correlated nature of the repeated
measurement responses, GEE and AR correlation matrix
were used. After adjusting for baseline CD4+ T-cell count,
baseline CD8+ T-cell count, and age; we estimated that the
NK+ART group could improve CD4 level (b= 54.59,
P= 0.006) and CD8 level (b= 322.47, P = 0.010) on
average among the six measurements compared with the
ART group [Table 2].
Table 1: Clinical characteristics of all participants with human immuno

NK + ART
Variable (n= 10)

Female/male, n 0/10
Age (years) 56 (53–58)
CD4+ T-cell count (cells/mL) 151 (110–178)
Nadir CD4 count (cells/mL) 18 (7–69)
CD8+ T-cell count (cells/mL) 586 (270–965)
CD4/CD8 ratio 0.24 (0.16–0.41)
Plasma HIV RNA (copies/mL) Undetectable
Years of ART 3.58 (2.51–5.69)

Data expressed as median (interquartile ranges) or n. –: Not applicable. AR
immunodeficiency virus.

Figure 1: Evolution of the considered markers throughout the follow-up. Mean CD4+ T-cell cou
ART group. ART: Antiretroviral therapy; GEE: Generalized estimating equations; NK: Natural k

2805
Safety and adverse events

Quantitative value of blood cells including white cell
count, lymphocyte, red cell count, hemoglobin, and
platelet were compared between the two groups. The
result revealed no significant difference between the two
groups at any of the seven time-points considered. Further,
biological constants related to liver function (measured as
alanine aminotransferase, aspartate aminotransferase, and
total bilirubin) and renal function (measured as creatine,
estimated glomerular filtration rate) were not statistically
different either [Supplementary Table 1, http://links.lww.
com/CM9/A374].

All participants were followed up for AEs. Two (2/10,
20%) participants in the NK+ART group developed a
transient mild fever after the 1st course of the trial, which
was thought to be unexpected study-related adverse
events. None of the participants developed severe AEs
(leading to discontinuation of the trial or hospitalization)
or died during the treatment and post-treatment. No
relapse of HIV-1 viremia observed during the observation
period.
Discussion

Poor CD4+ T cell recovery on suppressive antiretroviral
therapy represents a major clinical issue. Thus far, many
intervention measures have been used to improve the level
deficiency virus type 1.

ART
(n= 10) Z P

0/10 – –

55 (47–62) <0.001 >0.999
124 (118–192) 0.340 0.733
27 (17–37) 0.340 0.734

642 (441–787) 0.794 0.427
0.24 (0.17–0.32) 0.643 0.521
Undetectable – –

2.47 (2.02–3.81) –1.323 0.186

T: Antiretroviral therapy; NK: Natural killer cell therapy; HIV: human

nt (A), CD8+ T-cell count (B), and CD4/CD8 ratio (C) progressions in the NK + ART group vs.
iller cell therapy.
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Table 2: Evaluation of the effect of NK infusions on CD4 count, CD8 count, and CD4/CD8 ratio using GEE model.

CD4+ T-cell count CD8+ T-cell count CD4/CD8 ratio

Variable b (95% CI) P b (95% CI) P b (95%CI) P

NK+ART vs. ART 54.59 (15.98, 93.21) 0.006 322.47 (76.15, 568.7) 0.010 –0.06 (–0.16, 0.04) 0.268
baseline CD4 count 0.54 (0.03, 1.06) 0.038 2.66 (–0.30, 5.62) 0.079 0.0004 (–0.0012, 0.0019) 0.647
baseline CD8 count 0.02 (–0.04, 0.07) 0.518 0.54 (0.16, 0.92) 0.006 –0.0002 (–0.0003, –0.0000) 0.016
Age –1.62 (–3.40, 0.16) 0.075 –9.24 (–21.99, 3.51) 0.155 0.0011 (–0.0036, 0.0059) 0.645

Adjusted for baseline CD4+ T-cell count, baseline CD8+ T-cell count and Age. ART: Antiretroviral therapy; CI: Confidence interval; GEE: Generalized
estimating equations; NK: Natural killer.
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of immune reconstitution, such as Vit D supplementa-
tion,[9] intensification with raltegravir or maraviroc,[1,10]

and utilization of some immunomodulatory agents to limit
immune activation.[11] However, these measures have not
yield convincing results. To our knowledge, the impact of
allogeneic NK cell immunotherapy on the restoration of
CD4 count of HIV-1 immunologic non-responders has
seldom been reported. In this preliminary study the
patients receiving allogeneic NK cell immunotherapy,
compared to the control group, did significantly improve
immune reconstitution (as measured by the CD4 count at
24 months after NK cells infusion).

It is generally accepted that KIR/HLA-incompatible NK
cells are more efficient in treating different cancer settings
and appear not to provoke graft-versus-host response.[5,12]

In our study, two participants got a fever after the infusion
of NK cells, which was viewed as mild adverse events.
These preliminary observations indicate that allogeneic
NK cell immunotherapy in HIV-1 individuals is safe and
well-tolerated.

The absolute CD4 andCD8 counts increased from baseline
to 24 months after NK cells infusion, but the NK cell
therapy did not show a beneficial effect on CD4/CD8 ratio
gain. Despite adequate viral suppression and improvement
of CD4 levels, the high levels of CD8+ T cells are
maintained, and the CD4/CD8 ratio fails to restore.[13,14]

A previous study showed that if ART initiated during the
chronic HIV-1 infection stage, most of the patients would
fail to normalize CD4/CD8 ratio after more than 10 years
of viral suppression and recovery of CD4 levels to
>500.[15] Then, viral suppression and CD4+ T-cell
response under ART therapy will consistently remain
key therapeutic goals in HIV-1 management. Failure to
improve the CD4/CD8 ratio in our study may be due to the
initiation of ART during chronic HIV.

This study has several limitations. First, by including a
limited number of patients we could not adequately draw
exact conclusions on the effect of allogeneic NK cells on
patient outcome. Second, other immunological (eg,
immune activation, immune exhaustion) markers were
not analyzed; having them tested may provide evidence to
support our conclusion. Also, the time of HIV-1 infection
which was not considered during the participants’
selection and distribution into different groups could be
a factor limiting the interpretation of our results. Blood
samples were collected and cryopreserved from all the
2806
participants. Further immunologic research should be
conducted in order to explain the possible mechanisms
hidden behind the role of allogeneic NK cells in CD4
recovery in HIV-1 patients.

In summary, our study demonstrates the use of allogeneic
NK cells immunotherapy strategy as a possible treatment
approach for HIV-1 immunological non-responders.
Future validation studies with a larger number of
participants are required. Meanwhile, the current study
could represent important evidence leading to the
improvement of future strategies regarding the manage-
ment of HIV-1 immunological non-responders.
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