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Abstract. Hemophagocytic lymphohistiocytosis (HLH) is a
rare but severe disease characterized by immune hyperacti-
vation and cytokine storm. Given the high mortality rate of
HLH, there is a need for more effective diagnostic tools and
treatments. The present study developed a dendrimer-based
protein biochip for rapid, sensitive and simultaneous detec-
tion of serum interferon (IFN)-y and endogenous anti-IFN-y
antibody (Ab) in patients with HLH. A gold biochip was
modified with 1, 4-phenylene diisothiocyanate (PDITC),
polyamidoamine (PAMAM) or PDITC-activated PAMAM.
The optimal immobilization concentration for Ab capture
and the reaction concentration for detecting Ab on the
PDITC-activated PAMAM-modified biochip were 6.25 and
3.12 ug/ml, respectively; the limit of detection of IFN-y protein
was 50 pg/ml. The efficiency of the protein-probed biochip
in detecting IFN-y and anti-IFN-y Ab in serum samples
from 77 patients with HLH was evaluated; the positive rates
for IFN-v and anti-IFN-y IgG Ab were 63.6% (49/77) and
61.0% (47/77), respectively. The present results demonstrated
that the PDITC-activated PAMAM-modified biochip might
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be a sensitive tool for the specific detection of IFN-y and
anti-IFN-y Ab in serum, and might have clinical applicability
for the diagnosis of HLH.

Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare but
severe disease characterized by hyperactivation of T lympho-
cytes and macrophages, and a potentially life-threatening
cytokine storm (1,2). Although there have been improvements
in the diagnosis and treatment of HLH, the mortality rate
remains high, with a 5-year overall survival of 54% reported
by the Histiocyte Society in 2011 (3). Therefore, more effective
tools are required for early HLH diagnosis so that treatment
can be initiated in a timely manner and patient outcomes
improved.

The pathogenesis of HLH is complex (4,5). Infection
is one of the most common triggers, but symptoms caused
by HLH are difficult to differentiate from those associated
with severe infection (6). Serum expression levels of various
cytokines including soluble interleukin-2 receptor (7) and
plasma ferritin (8) have been used to distinguish HLH from
other syndromes. However, as the expression levels of these
cytokines can increase slowly over the course of pathogenesis,
they are not useful for evaluating the acute phase of HLH (6).
Interferon (IFN)-vy is a potential biomarker for HLH patho-
genesis, as serum concentrations increase rapidly at disease
onset and decrease upon treatment (9). It has previously been
demonstrated in mouse models that neutralizing anti-IFN-y
antibody (Ab) may be an effective therapy for HLH (10,11).
However, only a few studies have investigated anti-cytokine
antibodies produced by patients with HLH (12,13).

Biochip technology has the advantages of possessing high
throughput, sensitive and specific, and has broad biological
applications, for example, in genomic library construction
or oligonucleotide and protein detection. Biochip surfaces
are typically pretreated with different chemicals to produce
a self-assembled monolayer with varying sensitivity and
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capacity for binding biomolecules (14-16). Polyamidoamine
(PAMAM) dendrimer has been used as a chemical linker that
enhances signals in fluorophore-based (17) or electrical (18)
biosensors. PAMAM modification of a gold substrate was
speculated to enhance the sensitivity of biochips for protein
detection. Although a variety of assays have been used to
detect IFN-vy in serum (19,20), biochips are highly selective
and require only small amounts of sample, which is useful in
clinical situations where blood sample volume is very limited
or where repeated sampling can put patients at risk.

The present study developed a strategy for PAMAM-based
chemical modification on a gold biochip, and evaluated the
performance of the modified biochip in the detection of IFN-y
protein and anti-IFN-y Ab in serum samples from patients
with HLH.

Materials and methods

Study population. Serum samples (3 ml) from patients with
HLH (n=77; 42 male patients and 35 female patients; age,
23.2+23 9 years) were collected from Anhui Medical University
(Hefei, China) between November 2012 and September 2014.
HLH diagnosis was based on the guidelines of the Histiocyte
Society (4). Serum samples from four healthy individuals (two
men and two women; age, 28.5+12.1 years) also collected
between November 2012 and September 2014 were used as
controls. Written informed consent was obtained from all
study participants, and the study protocol was approved by the
Institutional Ethics Committee of Anhui Medical University.
All procedures were performed in accordance with the ethical
standards of the institutional and/or national research commit-
tees and with the 1964 Helsinki declaration and its later
amendments.

Reagents and equipment. All chemicals were of reagent grade
and used as received unless otherwise indicated. PBS (0.01 M,
pH 7.4), 1, 4-phenylene diisothiocyanate (PDITC), PAMAM
G4.0, dimethylformamide (DMF), acetone and bovine
serum albumin (BSA) were purchased from Sigma-Aldrich
(Merck KGaA). Absolute ethanol was from Sangon Biotech
Co., Ltd. Rabbit anti-human IFN-y polyclonal (p)Ab
(cat. no. ab9657), mouse anti-human IFN-y monoclonal (m)
Ab (cat. no. ab9658) and recombinant human IFN-y protein
(cat. no. ab119140) were from Abcam. Cy3-conjugated
anti-human IgG (cat. no. D110142) and Cy3-conjugated
anti-mouse IgG (cat. no. D110088) were from Sangon Biotech
Co., Ltd.

Biochips were generously supplied by the Interactiva
Division of Thermo-Hybaid. The dimensions of the biochip
were previously described (21). Glass slides (75x25 mm) were
coated with gold film (0.1 #m) and a layer of Teflon (50 ym) was
added that divided the gold surface into an 8x24 matrix spot
layout; the diameter of each spot was 1.5 mm. The chip was
scanned using a LuxScan 10K-A microarray scanner (Capital Bio
Technology Inc.). Atomic force microscopy (AFM) was
performed using a Dimension atomic force microscope (Digital
Instruments, Inc.) or an Innova microscope (Veeco Instruments
Inc.). Attenuated total reflectance Fourier transform infrared
spectrometry (ATR-FTIR) was performed using a Nicolet 8700
instrument (Thermo Fisher Scientific, Inc.).

DU et al: PAMAM-BASED GOLD BIOCHIP FOR IFN-y/ANTI-IFN-y IgG DETECTION IN HLH

Chemical modification and characterization of the gold
biochip. A workflow for chemical modification and assay
evaluation in detection of IFN-y in serum from patients with
HLH with the biochip is presented in Figs. 1 and 2. The gold
slides were cleaned in a 5:1:1 (v/v/v) H,0:H,0,:NH;*H,O
solution at 82°C for 5 min, then rinsed with sterile water
followed by anhydrous ethanol and dried under a flow of
nitrogen (5 1/min). PDITC was dissolved in DMF solution to a
final concentration of 10 mM. PAMAM G4.0 was dissolved in
PBS to a final concentration of 0.01 mM. The cleaned slides
were incubated in PDITC solution for 2 h in the dark with
gentle shaking; they were then washed 3 times for 3 min each
with DMF, followed by ethanol and dried under a nitrogen
flow as aforementioned. The PDITC-modified slides were
incubated in PAMAM solution (0.01 mM) for 8 h in the
dark with vigorous shaking. The slides were washed 3 times
for 3 min each in ethanol followed by PBS-Tween (PBST;
0.1% v/v Tween-20) and dried under a nitrogen flow. For
PAMAM activation by PDITC, the slides were incubated in
PDITC solution for 2 h in the dark with shaking, washed with
3 times for 3 min each in DMF solution followed by absolute
ethanol and dried under a nitrogen flow. All the steps were
performed at room temperature (RT; 24°C). The ready-to-use
biochips were stored at 4°C until further use.

Chemical characterization of the PDITC-activated
PAMAM-modified biochip was performed by AFM and
ATR-FTIR. Scan rates ranged from 1-5 Hz, and scan size
was set according to a 5-um engagement of the cantilever.
The instrument was operated in tapping mode to obtain
height images that were processed using Nanoscope VII
software (Version 6.13; Veeco Instruments, Inc.). The images
were flattened to remove scan lines, and the height scale was
set to 20 nm. Feedback control was modulated in real time
as images were being generated. Integral and proportional
gains were set between 2.0 and 0.5. ATR-FTIR spectra were
obtained in the 674-3,999 cm™ spectral range over 128 scans at
an atomic resolution of 8 cm’'.

Comparative analysis of immobilization efficiency on
PDITC, PAMAM and PDITC-activated PAMAM biochips.
Serial two-fold dilutions of human IgG were prepared to test
the protein-binding efficiency of the chemically modified
biochips. IgG solutions with concentrations ranging between
0.001 and 10 ug/ml were immobilized on PDITC, PAMAM
and PDITC-activated PAMAM biochips for 2 h at RT, then
washed three times with PBST and dried under a nitrogen flow.
The biochips were incubated with 2.5 pg/ml Cy3-conjugated
anti-human IgG at RT for 30 min in the dark. After washing
with PBS-0.1% Tween-20 buffer and drying with a nitrogen
flow, the fluorescence intensity of each spot on the biochips
was scanned and measured by the microarray scanner and
semi-quantified using ImageJ software (Version 1.52t;
National Institutes of Health).

Quantification of immobilized anti-IFN-y pAb and detected
anti-IFN-y mAb on biochips. To optimize the concentra-
tion of anti-human IFN-y pAb (capture Ab) on the biochips,
serial two-fold dilutions of rabbit anti-human IFN-y pAb in
PBST-BSA buffer [0.1% Tween-20 (v/v), 0.1% BSA (wt/v),
pH 7.4] with various concentrations ranging between 0.000006
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Figure 1. Schematic representation of surface modifications. (A) PDITC biochip. (B) PAMAM biochip. (C) PDITC-activated PAMAM biochip. PDITC, 1,

4-phenylene diisothiocyanate; PAMAM, polyamidoamine.
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Figure 2. Schematic of the workflow for detection of IFN-vy in the serum of patients with hemophagocytic lymphohistiocytosis with the biochip. PAMAM,

polyamidoamine.

and 25 ug/ml were immobilized onto the biochips at RT for 2 h.
The biochips were washed three times with PBST, dried under
a nitrogen flow, then incubated with 10 pg/ml recombinant
human IFN-y protein and 10 yg/ml mouse anti-human IFN-y
mAD (detection Ab) at RT for 1 h, followed by 2.5 pg/ml of
Cy3-conjugated anti-mouse IgG at RT for 30 min in the dark.
After washing and drying as aforementioned, the fluorescence
intensity of each spot on the biochips was semi-quantified
using ImagelJ software.

To determine the optimal reaction concentration of detec-
tion Ab, serial two-fold dilutions of mouse anti-human IFN-y
mAb were prepared in PBST-BSA buffer (pH 7.4) with concen-
trations ranging between 0.000006 and 25 pg/ml. The reaction
steps were the same as those used for the aforementioned
capture Ab. Briefly, 6.25 pg/ml rabbit anti-human IFN-y pAb
was immobilized on the chemically modified biochips at RT for
2 h; subsequently, 10 pg/ml recombinant human IFN-y protein
was applied to each spot at RT for 1 h, followed by incubation


https://www.spandidos-publications.com/10.3892/mmr.2020.11605

5372

of the biochips with serial five-fold diluted mouse anti-human
IFN-y mAD solution at RT for 1 h. Finally, the biochips were
incubated with 2.5 ug/ml Cy3-conjugated anti-mouse IgG Ab
at RT for 30 min in the dark. After washing and drying as
aforementioned, the fluorescence intensity of each spot on the
biochip was semi-quantified using ImagelJ software.

Determination of the limit of detection (LOD) for IFN-y.
The LOD of IFN-y protein by the PDITC-activated
PAMAM-modified biochip was determined. Serial five-fold
dilutions of IFN-y protein in PBST-BSA buffer (pH 7.4)
were prepared with concentrations ranging between 0.00001
and 100 ug/ml. Rabbit anti-human IFN-y pAb (6.25 ug/ml)
was immobilized on the biochip at RT for 2 h. Subsequently,
the biochip was incubated with the serial two-fold diluted
IFN-v protein solution at RT for 1 h, along with 3.12 pg/ml
mouse anti-human IFN-y mAb at RT for 1 h, and 2.5 ug/ml
Cy3-conjugated anti-mouse IgG Ab at RT for 30 min in the
dark. After washing and drying as aforementioned, the fluo-
rescence intensity of each reaction spot on the biochip was
semi-quantified using ImageJ software.

On-chip assay for serum IFN-y and anti-human IFN-y Ab
detection in patients with HLH. Ready-to-use probe biochips
were produced by immobilization of 6.25 ug/ml anti-human
IFN-y pAb at RT for 2 h. A total of 77 serum samples from
patients with HLH and four samples from healthy subjects
(negative control) were diluted 1:40 with 0.01 mM PBST-BSA
(pH 7.4). The biochip was incubated with the samples at RT
for 1 h, followed by 3.12 pg/ml mouse anti-human IFN-y
mAD at RT for 1 h and 2.5 ug/ml Cy3-conjugated anti-mouse
IgG at RT for 30 min in the dark. After washing and drying
as aforementioned, the fluorescence intensity of each spot
on the biochip was semi-quantified using ImageJ software.
PBST-BSA buffer was used as the blank control.

Immunological blocking assays of IFN-y and anti-human
IFN-y Ab. Before blocking assay of serum samples from
patients with HLH on biochips, four samples from the patients
with HLH that were previously tested to be positive were
randomly chosen. These serum samples were incubated in
vials at RT for 1 h with anti-human IFN-y mAb and recom-
binant human IFN-vy protein, respectively, at ten-fold diluted
concentrations ranging between 0.01 and 10 ug/ml The
same samples without pretreatment and four serum samples
from healthy individuals were used as positive and negative
controls, respectively. Anti-human IFN-y pAb (6.25 ug/ml)
was immobilized onto the biochip at RT for 1 h. Subsequently,
the biochip was incubated with the pretreated or untreated
serum samples and 10 yg/ml mouse anti-human IFN-y mAb at
RT for 1 h, followed by 2.5 pg/ml Cy3-conjugated anti-mouse
IgG at RT for 30 min in the dark. The fluorescence intensity of
each spot was semi-quantified using ImageJ software.

Statistical analysis. SPSS software (v19.0; IBM Corp.)
was used for statistical analysis. All numerical data were
presented as the mean + SD. Correlations between variables
were calculated using Pearson's correlation analysis. P<0.05
was considered to indicate a statistically significant differ-
ence.
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Results

Characterization of activated PAMAM-modified biochip. The
efficiency for biocompatibility of anti-human IgG immobiliza-
tion was visually superior for the PDITC-activated PAMAM
biochip compared with the PDITC and PAMAM biochips
(Fig. S1). Activated PAMAM was crosslinked between biochip
substrate and probe proteins. A chemical characterization of
PAMAM was performed via ATR-FTIR. The major absor-
bance of functional groups in PAMAM were 834 cm™ (C-H
out-of-plane bending vibration of the benzene ring), 1,183 cm'!
(C-N stretching vibration), 1,092-1,229 cm™ (C=S stretching
vibration of the thiourea group), 1,619-1,784 cm™ (C-C frame-
work vibration of the benzene ring and N-H stretching vibration
of the secondary amino group), 2,102-2,286 cm™ (broad peak
corresponding to -N=C=S moiety vibration), 3,025 cm™ (C-C
stretching vibration of the hexadecane group and C-H stretching
vibration of the benzene ring) and 3,247 cm™ (N-H stretching
vibration of the primary amino group) (Fig. 3A). Images of
3-dimensional AFM of a PDITC-activated PAMAM-modified
biochip and a cleaned biochip are shown in Fig. 3B and C. The
peak height was higher on the PAM AM-modified gold surface
than on the non-modified surface, which indicated a strong
anchoring of the protein. Height measurements determined by
AFM reflected the binding of chemical components as well
as their interaction with proteins; the peak height was >20 nm
on the PAMAM-modified surface compared with 0-3 nm on
the cleaned surface, which indicated that the functional groups
were covalently bound.

Optimization of capture and detection Ab concentra-
tions. The concentrations of anti-human IFN-y pAb and
anti-human IFN-y mAb immobilized on the PDITC-activated
PAMAM-modified biochip were optimized. Fluorescence
signal intensity increased with anti-human IFN-y pAb concen-
tration, but reached a plateau at 6.25 pg/ml, which indicated
saturation of the biochip surface with anti-IFN-y pAb. Thus,
the optimal concentration for immobilization of captured
Ab was determined as 6.25 pg/ml (Fig. S2). Similarly, the
optimal concentration for the detection Ab was determined as
3.12 ug/ml (Fig. S3).

LOD of IFN-y protein by PDITC-activated PAMAM-modified
biochip. The LOD of IFN-y protein was subsequently evalu-
ated via the PDITC-activated PAM AM-modified biochip;
the cut-off for a positive signal was a fluorescence intensity
>2 times the mean value and 2 standard deviations above the
background value. The defining method used to determine
the cutoff value was that which is usually clinically applied.
According to these criteria, the LOD of IFN-y protein by the
biochip was determined as 50 pg/ml (Fig. 4).

Detection of IFN-y and anti-human IFN-y Ab in HLH serum
samples by the PDITC-activated PAMAM-modified biochip
and immunological blocking assays. The clinical applicability of
the PDITC-activated PAMAM-modified biochip was evaluated
using serum samples from 77 patients with HLH (Fig. 5). The
positive detection rates for IFN-y and anti-IFN-y IgG Ab were
63.6% (49/77) and 61.0% (47/77), respectively. Simultaneous
detection of IFN-y and anti-human IFN-y IgG Ab expression
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Figure 3. Characterization of the PDITC-activated PAM AM-modified biochip by ATR-FTIR and AFM. PAMAM-modified biochip surface was character-
ized by (A) ATR-FTIR and (B) AFM. (C) Unmodified biochip surface characterization was performed by AFM. PDITC, 1, 4-phenylene diisothiocyanate;
PAMAM, polyamidoamine; ATR-FTIR, attenuated total reflectance Fourier transform infrared spectrometry; AFM, atomic force microscopy.
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Figure 4. Limit of detection of anti-interferon-y antibody by the biochip. The green fluorescence represents stronger binding strength. The three rows represent
three repeats. The data are presented as the mean + SD (n=3).

levels in serum samples using the biochip revealed no correlation Immunological blocking assays were performed to
(R?=-0.218; P>0.05, Pearson's analysis; data not shown). measure the specificity of the biochip. IFN-y and anti-human
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Figure 5. IFN-y and anti-human IFN-y Ab expression levels in the serum of
patients with HLH. (A) IFN-y and (B) anti-human IFN-y Ab in serum samples
from patients with HLH (n=77) and HLH-free individuals (n=4) were detected
on the 1, 4-phenylene diisothiocyanate-activated polyamidoamine-modified
biochip. Ab, antibody; HLH, hemophagocytic lymphohistiocytosis; IFN-v,
interferon y.

IFN-y IgG Ab in serum samples were completely neutralized
by adding blocking molecules at increasing concentrations
ranging from 0.00005 to 0.05 ug/ml, as evidenced by the
dose-dependent decrease in the fluorescent signal (Fig. 6).
The present results indicated that the biochip did not detect
any other serum factors besides IFN-y protein or anti-human
IFN-y Ab.

Discussion

The specificity and sensitivity of target molecule detection
are critical considerations in biochip fabrication. PAMAM is
a type of cationic and branched dendrimer that has numerous
applications; the abundance of amino groups at the outer ends
of the PAMAM molecule provides multiple potential sites
for protein loading and signal amplification in protein detec-
tion (22,23).

The present study used three strategies to chemically
modify the gold surface of a biochip, namely PDITC
modification, PAMAM modification and PDITC-activated
PAMAM modification. Although PAMAM has multiple
surface amino moieties, these cannot be directly conju-
gated with proteins, and PDITC was therefore used for
their complete activation. The present results demonstrated
that the PDITC-activated PAMAM-modified biochip
revealed stronger protein immobilization than those modi-
fied by either PIDTC or PAMAM alone, confirming that
activation of amino groups enhances protein conjugation
capacity on the PDITC-activated PAMAM-modified
biochip (24). PDITC is a homobifunctional chemical that
can engage in interactions via amino moieties at both of
its termini, leaving few active isothiocyanate terminals
on PDITC biochips (25). The present study revealed that
PDITC-activated PAMAM biochips exhibited a signal

Table I. Comparison of the biochip and conventional assay techniques in binding affinity of interferon-vy protein.

Limit of detection in

Signal
transduction

(Ref.) or supplier

Advantage

protein determination

Surface modification

Substrate

First author, year

(Present study)

High-throughput; less assay volume requirement;

50 pg/ml

PDITC/PAMAM/

Gold platform

Fluorescence

Du et al, 2020

detection of multiplex protein targets

PDITC+PAMAM
PAMAM/MoS2/MB/GCE

19)

Extreme sensitivity

2 fg/ml

Gold
nanoparticles

Electrochemistry

Jin et al, 2019

(20)
Abcam (cat. no. ab100573)

Sensitivity
Easy to operate

2 pg/ml

TPE-aptamer

Fluorescence
ELISA

Ma et al, 2018

15 pg/ml

Polystyrene

PDITC, 1 4-phenylene diisothiocyanate; PAMAM, polyamidoamine; MoS2, molybdenum disulfide; MB, methylene blue; GCE, glassy carbon electrode; TPE-aptamer, AIEgen-based fluorescent aptasensor.
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Figure 6. Immunological blocking assays (neutralization tests) for specificity determination by the biochip in measurement of IFN-vy protein and anti-human
IFN-y Ab. (A) Positive reactions for IFN-y (upper) or anti-human IFN-y Ab (lower) in serum samples from randomly selected patients with HLH (n=4) were
blocked by pretreatment with anti-human IFN-y Ab and IFN-y protein in vials. The serum samples was incubated with serial ten-fold diluted anti-human
IFN-y mAb and recombinant human IFN-y protein, respectively, with concentrations ranging between 0.01 and 10 xg/ml. (B) Densitometric semi-quantitative
analysis from the fluorescence assay shown as a bar chart. The data are presented as the mean + SD (n=4). Ab, antibody; HLH, hemophagocytic lymphohis-

tiocytosis; IFN-y, interferon v.

amplification effect in interactions with proteins. In the
present study, the total bond length of PDITC ranged
from 1,012/107" to 1,032/10"> m [C-N, 148/107"> m; C=N,
135/1012 m; C=S, 156/10""*> m; C;H, (diameter of benzene
ring), 134-154/10""2 m], which are much shorter than the
distance between the amino moieties at its termini, enabling
the PDITC-activated PAMAM biochip to bind proteins
more efficiently. Thus, it was inferred that bioconjugation
may occur between the isothiocyanate terminal of PDITC
and the amino terminals of proteins. In the present study,
the LOD of IFN-vy protein by the biochip was determined
as 50 pg/ml. The optimal immobilization concentration
for the capture Ab was extremely low (6.25 pg/ml), which
indicated that this surface may hold a higher sensitivity
in measuring proteins. A previous study reported serum
IFN-y concentration in the order of ng/mlin patients with
HLH (6). In a previous study, the LOD for a target protein
using the biochip with a single-branched chemical modifica-
tion was 0.78 pug/ml (26). Notably, the novel multi-branched
PAMAM biochip in the present study seems to have greater
protein-loading and signal amplification capacities, which
increases the sensitivity of protein detection.

The diagnostic criteria for HLH are mainly based on
clinical signs and laboratory findings. However, due to
the relatively non-specific nature of symptoms and their
extensive overlap with those of other illnesses, HLH is
often misdiagnosed (4). Conventional diagnostic tests have
certain disadvantages, for example, the diagnostic accuracy

of serum ferritin concentration is limited to the range of
500-10,000 ug/l, whereas ferritin expression levels can
reach 10,000 pg/1 at the early stage of HLH. Furthermore,
serum ferritin expression levels decrease slowly in response
to treatment, undermining its utility as a biomarker for eval-
uating therapeutic efficacy (27). By contrast, the expression
levels of IFN-y produced by CD8* T-cells increase soon
after HLH onset and rapidly decrease from >5,000 pg/ml
to normal levels within 48 h after treatment (8). In addi-
tion, overproduction of endogenous IFN-y may contribute
to liver impairment and coagulation disease (28), making
IFN-y a potential biomarker for monitoring HLH progres-
sion. According to the manufacturer's information, the
detectable concentration limit of the biochips is comparable
with that of traditional ELISA [e.g. 50 pg/ml vs. 15 pg/ml
with the Human Interferon-y ELISA Kit (cat. no. ab100573;
Abcam)]. Binding affinity of IFN-vy protein was evaluated
by the biochip in comparison with conventional assay
techniques (19,20) (Table I). However, biochips have the
advantages of high throughput, concurrent measurement of
multiple serum factors and requirement of a small volume
of biological sample.

Autoantibodies, antigens and inflammatory mediators
can trigger inflammation (29,30). Although circulating auto-
antibodies have been detected in patients with HLH (29,31),
to the best of our knowledge, there have been no reports
of endogenous anti-IFN-y IgG production in the context
of HLH pathogenesis. In preclinical trials, neutralizing
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anti-IFN-y Ab was revealed to be a promising treatment
for HLH (10,32). Therapeutic IFN-y neutralization in an
animal model of macrophage activation syndrome improved
survival rate and body weight recovery and decreased
downstream proinflammatory cytokine and chemokine
levels, which suggested that this strategy can be used to
control the cytokine storm in patients with HLH (33). In
the present work, an imbalance between IFN-y and endog-
enous anti-IFN-y IgG Ab may have interfered with cytokine
production, which induced an autoimmune response that
contributed to HLH pathogenesis.

There were limitations in the present study. Firstly, the
sample size was relatively small, as HLH is a rare hemato-
logical disease with an extremely low incidence rate; a larger
panel of HLH samples would increase the statistical power
of the analysis. Secondly, only a description of the clinical
test results were provided, without extensive quantification.
And finally, HLH diagnosis based on a single factor (IFN-v)
may not meet clinical needs. Therefore, future studies should
investigate the feasibility of using the biochip for combined
detection of multiplex HLH biomarkers, such as IL-10, IL1f,
IL-6, IL-8, TNFa and sCD25, in a larger panel of samples.

In conclusion, a PDITC-activated PAMAM modification
strategy was developed to enhance the protein detection sensi-
tivity and specificity of a gold biochip. The LOD of IFN-y in
serum by the modified biochip was 50 pg/ml. In addition, the
biochip was able to simultaneously detect IFN-y and antihuman
IFN-v IgG Ab in clinical samples from patients with HLH.
The present results demonstrated that the PDITC-activated
PAMAM-modified biochip may be a promising tool for the
early and accurate diagnosis of HLH.
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