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Abstract
Rectal cancer, which comprises 30% of all colorectal cancer cases, is one of the most common forms of cancer in the world. 
Patients with locally advanced rectal cancer (LARC) are often treated with neoadjuvant chemoradiotherapy (neoCRT) fol-
lowed by surgery. However, after neoCRT treatment, approximately one-third of the patients progress to local recurrence 
or distant metastasis. In these studies, we found that patients with tumors that exhibited cytosolic HMGB1(Cyto-HMGB1) 
translocation and/or the presence of PD-1+ tumor-infiltrating lymphocytes (TILs) before treatment had a better clinical 
outcome. The better outcome is likely due to the release of HMGB1, which triggers the maturation of dendritic cells (DCs) 
via TLR4 activation, and the subsequent recruitment of PD-1+ tumor-infiltrating lymphocytes to the tumor site, where they 
participate in immune-scavenging. In conclusion, our results provide evidence that cyto-HMGB1 and/or PD-1+TIL are not 
only predictive biomarkers before treatment, but they can also potentially designate patients for personalized oncological 
management including immunotherapy.
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Introduction

Colorectal cancer (CRC) is one of the leading causes of 
death worldwide [1]. The proportion of rectal cancer cases 
among all CRC cases ranges from 27 to 58% [2]. For patients 
with locally advanced rectal cancer (LARC, stage T3–T4, 
or lymph node-positive disease), preoperative (neoadjuvant) 
chemoradiotherapy (neoCRT) has been shown to improve 
local control [3]. For most patients, preoperative chemoradi-
otherapy results in clinical tumor regression, but the degree 
of response varies among patients. Approximately 40–60% 
of LARC patients treated with neoadjuvant CRT achieve 
some degree of pathologic response [4]. However, no effec-
tive method has been developed that can be used before the 
commencement of neoCRT that can predict how patients 
will respond to neoCRT and that can subsequently lead to 
better survival [5]. The identification of patients who will 
benefit most from neoCRT is crucial not only for the avoid-
ance of CRT-related morbidity but also for the improvement 
in the survival rate of patients with LARC.

Tumor-infiltrating lymphocytes (TILs) are frequently 
found in tumor tissue, which suggest a tumor-associated 
immune response within the tumor microenvironment [6–8]. 
Moreover, many studies have reported that a high abundance 
of TILs is associated with a favorable clinical outcome [9, 
10]. High infiltration of tumors with effector and memory 
T cells also correlates with improved relapse-free and over-
all survival in patients with CRC [11, 12]. Based on these 
pioneering studies and many subsequent investigations, the 
presence of CD8+ TILs has been established as an independ-
ent prognostic factor in CRC and has an even stronger prog-
nostic significance than conventional TNM staging [13, 14].

However, the recruitment of TILs requires several pre-
paratory processes. First is the release of damage-associated 
molecular pattern molecules (DAMPs) by dying cancer 
cells and stressed cancer cells, such as high-mobility group 
box 1 (HMGB1), heat shock protein 70 (Hsp70), ATP and 
calreticulin (CRT), and by tumors. Among these DAMPs, 
HMGB1 normally localizes in the nucleus under physi-
ologic conditions. When cells are under stress or affected 

by chemotherapy and radiotherapy, HMGB1 is translocated 
and released into the extracellular matrix, where it promotes 
immune responses via the activation of dendritic cell (DC) 
maturation [15, 16]. Second, HMGB1 binds to surface 
receptors (Toll-like receptor 4, TLR4) of immature DCs, 
which leads to the maturation of DCs; this is followed by 
tumor neoantigen processing and presentation to CD4+ and 
CD8+ T cells. Furthermore, germ-line single-nucleotide 
polymorphisms (SNPs) in TLR4 such as Asp299Gly 
(rs4986790) and Thr399Ile (rs4986791) are known to reduce 
the interaction between TLR4 and the danger signal HMGB1 
[17]. Defects in the binding of HMGB1 to the mutated TLR4 
receptor impair the maturation of DCs and negatively affect 
the capacity of DCs to cross-present antigens to cytotoxic T 
cells. It has also been reported that patients who carry those 
loss-of-function allele of TLR4 present with accelerated 
tumor progression after chemotherapy and have a shortened 
disease-free survival [17–19], which suggests that HMGB1 
release and TLR4 polymorphisms may be able to predict 
clinical outcome after chemoradiotherapy.

The programmed death 1 receptor (PD-1, also known as 
CD279) is one of the receptors that is similar to cytotoxic 
T-lymphocyte antigen 4 (CTLA4) and was reported to be 
involved in dampening anti-tumor T-cell responses [20, 21]. 
The blockade of CTLA-4 and PD-1 with their ligands using 
blocking antibodies alone or in combination has been shown 
to unleash an immune response against melanoma [22, 23], 
renal cell carcinoma [22], and non–small cell lung cancer 
[22]. The anti-tumor responses observed in these clinical 
trials support the presence of naturally occurring tumor-
reactive CD8+ T cells and indicate their immunotherapeu-
tic potential. Despite the well-accepted negative regulatory 
role of PD-1 in T cells, few studies have established the idea 
that expression of PD-1 on CD8+ TILs represents the reper-
toire of clonally expanded tumor-reactive, mutation-specific 
lymphocytes, which reveals a dual role of PD-1 expression 
in the tumor microenvironment [24, 25]. Moreover, a high 
number of PD-1+ lymphocytes predict a favorable outcome 
for follicular lymphoma [21].

In the current study, we found that patients with high 
cyto-HMGB1 translocation and/or PD1+ TILs in the tumor 
microenvironment, demonstrate better local control before 
neoCRT, a low distant metastasis (DM) rate, a better dis-
ease-free survival (DFS) rate and a better overall survival 
(OS) rate in patients with LARC.

Materials and methods

Patient characteristics

One hundred twenty-one patients with locally advanced rec-
tal cancer were treated at our hospital from 2006 to 2013. 
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Among these patients, 89 received neoCRT followed by sur-
gery. Patients with biopsy-proven locally advanced rectal 
cancer (cT3-4 or cN+ by endorectal ultrasonography, com-
puted tomography, or magnetic resonance imaging) and 
treated with preoperative chemoradiotherapy followed by 
radical resection at China Medical University Hospital were 
the study cohort. This study was reviewed and approved by 
the Internal Review Board (IRB) of China Medical Uni-
versity Hospital [Protocol number: CMUH105-REC2-072]. 
Patients with concurrent distant metastasis or concurrent 
inflammatory bowel disease, hereditary colorectal can-
cer syndromes, concurrent malignancy, emergent surgery, 
prior history of radiotherapy to the pelvis, or prior history 
of malignancy were excluded from this study. Tumors were 
staged based on the American Joint Committee on Cancer 
(AJCC) staging system. Survival time was defined as the 
time from surgery until death.

Table  1 presents the clinical pathological character-
istics of these patients. The mean age at diagnosis was 
59.2 ± 12.9 years (31–90 years of age). The majority of 

patients were men (70.0%). The median distance from the 
tumor to the anal verge was 7 cm (53.9%). Most tumors 
were cT3 at preoperative evaluation (82.0%). The median 
radiation dose was 50.4 Gy given in 28 fractions (minimal 
dose: 44.8 Gy; and maximal dose: 50.4 Gy). Concurrent 
chemotherapy was fluorouracil-based in 39.3% and capecit-
abine in 60.7% of patients. All patients underwent total or 
tumor-specific mesorectal excision depending on the extent 
and location of the tumor after neoCRT.

Clinical staging, treatment, and pathological 
evaluation

EUS, MRI or CT was used to assess the pretreatment clinical 
stage. All pretreatment biopsies were reviewed by patholo-
gists, as previously described [26]. All patients underwent 
colonoscopic evaluation to exclude synchronous tumors, and 
digital rectal examination and proctoscopy to identify the 
tumor distance from the anal verge. Patients were treated 
with chemoradiotherapy with a median radiotherapy dose 

Table 1   Patient and tumor characteristics (Pre-neoCRT, n = 89)

Fisher’s exact test was used when > 25% of the cells have expected counts < 5
cN stage negative (Stage 0) vs positive (Stage 1+ 2), pN stage negative (Stage 0 + 1a + X) vs positive (Stage 1b + 2), CR complete response, PR 
partial response, SD stable disease, PD progression disease, TRG​ tumor regression grade

Clinicopathological parameters Total cases Cyto-HMGB1 trans-
location

p value PD-1+ TILs p value Cyto-HMGB1 and/or 
PD-1+ TILs

p value

High Low High Low High Low

89 (100%) 44 (49%) 45 (51%) 29 (33%) 60 (67%) 56 (63%) 33 (37%)
cN stage 0.24 0.17 0.68
 Negative 46 (52%) 20 (45%) 26 (58%) 18 (62%) 28 (47%) 28 (50%) 18 (55%)
 Positive 43 (48%) 24 (56%) 19 (42%) 11 (38%) 32 (53%) 28 (50%) 15 (45%)

pN stage 0.64 0.03* 0.2
 Negative 71 (80%) 36 (82%) 35 (78%) 27 (93%) 44 (73%) 47 (84%) 24 (73%)
 Positive 18 (20%) 8 (18%) 10 (22%) 2 (7%) 16 (27%) 9 (16%) 9 (27%)

Primary response 1.00 0.36 0.82
 CR 11 (12%) 5 (11%) 6 (13%) 3 (10%) 8 (13%) 6 (11%) 5 (15%)
 PR 40 (45%) 20 (44%) 20 (44%) 15 (52%) 25 (42%) 26 (47%) 14 (42%)
 SD 32 (36%) 16 (36%) 16 (36%) 11 (38%) 21 (35%) 20 (36%) 11 (33%)
 PD 6 (7%) 3 (7%) 3 (7%) 0 (0%) 6 (10%) 3 (5%) 3 (9%)

Tumor regression grade (TRG) 0.02* 0.35 0.05
 4 12 (14%) 5 (11%) 7 (16%) 3 (10%) 9 (15%) 6 (11%) 6 (18%)
 3 52 (58%) 32 (73%) 20 (44%) 21 (72%) 31 (52%) 38 (68%) 14 (42%)
 2 16 (18%) 3 (7%) 13 (29%) 3 (10%) 13 (22%) 6 (11%) 10 (30%)
 1 9 (10%) 4 (9%) 5 (11%) 2 (7%) 7 (12%) 6 (11%) 3 (9%)

Chemotherapy 0.01* 0.97 0.04*
 Xeloda 53 (60%) 32 (73%) 21 (47%) 17 (59%) 36 (60%) 37 (66%) 16 (48%)
 UFT 30 (34%) 9 (20%) 21 (47%) 11 (38%) 19 (32%) 15 (27%) 15 (45%)
 FOLFOX 1 (1%) 0 (0%) 1 (2%) 0 (0%) 1 (2%) 0 (0%) 1 (3%)
 5-FU 4 (4%) 3 (7%) 1 (2%) 1 (3%) 3 (5%) 4 (7%) 0 (0%)
 Xeloda+UFT 1 (1%) 0 (0%) 1 (2%) 0 (0%) 1 (2%) 0 (0%) 1 (3%)
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of 50.4 Gy and concurrent fluoropyrimidine-based chemo-
therapy (mainly single-agent infusional capecitabine). After 
chemoradiotherapy regime was completed, surgery was 
performed 6 to 8 weeks later. Low anterior resection, proc-
tectomy with coloanal reconstruction, abdominoperineal 
resection, or multivisceral rectal resection was included 
according to total mesorectal excision principles. Neoad-
juvant chemotherapy was recommended for patients with 
metastatic lymph node(s) in surgical specimens and con-
sisted of infusional fluorouracil or capecitabine for a period 
of 4–6 months. Oxaliplatin-containing regimens were intro-
duced later at the discretion of the treating physician.

Resected specimen pathologic staging was performed 
after resection in accordance with the guidelines of the Col-
lege of American Pathologists. Expert pathologists in gas-
trointestinal cancer rendered the histopathology diagnosis. 
Pathologic complete response (pCR) is the absence of viable 
adenocarcinoma cells in the surgical specimen (ypT0N0).

Construction of the tissue microarray (TMA)

Tissue microarrays were constructed from pre-neoCRT 
biopsies and post-neoCRT surgical tissue from rectal can-
cer patients (n = 89) (Table 1). Areas of tumor are marked 
on the hematoxylin & eosin (H & E)-stained slides. The 
corresponding area on the matching paraffin block (donor 
block) was then identified and marked. We used the AutoTiss 
10C system (EverBio Technology Inc., Taiwan) to remove 
the tissue core from these areas of the donor blocks into the 
recipient block in a precise, arrayed fashion. The punches 
were 2 mm in diameter, and a maximum of 60 punches 
were placed on a single block. Sample sections (cut on a 
microtome) were then mounted on capillary-gap slides 
(Dako, Hamburg, Germany) and baked overnight.

Antibodies and reagents

These antibodies used in this study are as follows: anti-
β-actin (sc-8432, Santa Cruz, CA, USA), anti-HMGB1 
(ab18256, Abcam, Cambridge, UK), anti-PD1 (ab137132, 
Abcam, Cambridge, UK) and anti-p-NFκB (#3033, Cell 
Signaling Technology, MA, USA). All secondary antibodies 
(HRP-conjugated anti-rabbit, anti-mouse and anti-goat) were 
purchased from Santa Cruz Biotechnology. Recombinant 
HMGB1 proteins were purchased from Sigma (MO, USA).

Cell culture and treatment

Two colorectal cancer cell lines (SW480 and SW620) 
were obtained from the American Type Culture Collection 
(ATCC). Cells were cultured and maintained in RPMI1640 
supplemented with 10% fetal bovine serum (Life Technol-
ogies, Grand Island, New York, USA), 2 mM glutamine, 

100 U/ml penicillin, 100 mg/ml streptomycin, and 1 mM 
pyruvate at 37 °C in a humidified atmosphere of 5% CO2.

SW480-HMGB1-GFP cells, which stably expressed 
HMGB1-GFP in SW480 cells, were seeded onto a six-well 
plate at ~ 80% confluence in RPMI1640 supplemented with 
10% FBS on the day before radiation treatment. After expo-
sure to radiation, cells were fixed at the indicated time using 
4% paraformaldehyde for 15 min. and then observed using 
immunofluorescence microscopy.

The radiation dose distributions were measured using 
EBT3 films (Gafchromic EBT self-developing film for radi-
otherapy dosimetry, International Specialty Products, ISP, 
Wayne, NJ) for a small circular 6 MV photon beam 10 mm 
diameter produced using a Varian Linac.

Western blot analysis

For chemotherapeutic drug treatment, cells were incubated 
in serum-free media containing different chemotherapeu-
tic drugs for 1 day prior to harvest [27]. The conditioned 
medium was collected by ultrafiltration using a Microcon 
filter (10,000-Da cutoff; Millipore, MA) to purify secreted 
proteins. Total lysates (30  μg) or subcellular fractions 
(10 μg) were separated using 6–12% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS–PAGE), and 
transferred to a PVDF membrane (GE, Amersham, UK). 
Membranes were blocked with 5% non-fat milk and probed 
with specific antibodies overnight at 4 °C. Horseradish per-
oxidase (HRP)-conjugated secondary antibodies (1:10,000, 
GE Healthcare, Amersham, UK) and the Immobilon west-
ern chemiluminescent HRP Substrate (Millipore, MA, USA) 
were used. Western blot densitometry analysis was per-
formed using the AlphaImager2200 digital imaging system 
(Digital Imaging System, CA, USA). Digital images were 
processed with Adobe Photoshop 7.0. Each blot was stripped 
in Restore Western Blot Stripping Buffer (Pierce, IO, USA) 
and incubated with the other antibodies. The results were 
assessed via Image J software (NIH, MD, USA).

Immunohistochemistry

TMA slides were stained individually with horseradish 
peroxidase-conjugated avidin biotin complex (ABC) using 
a Vectastain Elite ABC Kit (Vector Laboratories, Burl-
ingame, CA, USA) and NovaRed chromogen (Vector Lab-
oratories) and were counterstained in hematoxylin. Stain-
ing for PD-1 was positive when detected in the cytoplasm 
or in the cell membrane of tumor-infiltrating lymphocytes 
(TILs). HMGB1 was positive when detected in the nucleus 
and cytoplasm of tumor cells. The sections were evaluated 
for PD-1 or HMGB1 staining patterns using microscopy 
(OLYMPUS BX53, Tokyo, Japan) according to the pro-
portion of positively stained tumor cells and TILs. Two 
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pathologists, blind to all information about the samples, 
evaluated the infiltration of PD-1+ TILs and cytoplas-
mic HMGB1 staining. With respect to the detection of 
PD-1+ TILs, the tissue was reviewed at 40× magnifica-
tion and the area with the highest density of PD-1+ TILs 
adjacent to malignant cells was counted at ×400 (No. of 
PD-1+ TILs/high-power field). The average number of 
PD-1+ TILs in five high-power fields was included in the 
evaluation. For PD-1, a count of zero PD-1+ TILs in a 
high-power field was given a score of 0, 1–3 PD-1+ TILs 
was given a score of 1, 4–10 PD-1+ TILs was given a score 
of 2, and > 10 PD-1+ TILs was given a score of 3. For 
cyto-HMGB1, the cytosolic expression was evaluated on 
a semi-quantitative scale, as follows: 0 for absent, 1+ for 
weak, 2+ for moderate, and 3+ for strong cytoplasmic 
staining intensity. The percentage of cyto-HMGB1+ cells 
was recorded as follows: a score of 0 was given when the 
positive tumor cell proportion ≤ 10%; a score of 1 was 
given when the positive cell proportion ranged from 11 to 
25%; a score of 2 was given when the positive cell propor-
tion ranged from 26 to 50%; a score of 3 was given when 
the positive cell proportion ranged from 51% to 100. The 
final immunoreactivity scoring system was determined 
by multiplying the staining intensity (SI) and the per-
centage of positivity scores (PP) [28], with a minimum 
score of 0 and a maximum score of 9. The basis on cyto-
HMGB1 staining is > 25% cells stained with moderate 
cyto-HMGB1 were considered as “High”. Using score of 
3 as a cutoff, the immunostains were defined as ‘low’ for 
scores from 0 to 3 and as ‘high’ for scores from 4 to 9 
(Supplementary Table 1).

Statistical analysis

SAS statistical software, version PC 9.4 (SAS Institute, 
Cary, NC, USA), performed the statistical analysis. All 
tests reported two-sided p value with the significance 
level set at 0.05. Student’s t test, Pearson Chi-square and 
Fisher’s exact test performed group comparisons. Cox 
regression analysis was used to estimate the hazard ratios 
(HRs) and 95% confidence intervals (CIs) for univariate 
and multivariate models. Influential factors that affect the 
rectal cancer patient survival rate were adjusted in the Cox 
models, including sex (female vs male), age (< 65 versus 
≥ 65), TRG (4 vs 1 & 2 & 3), primary response (CR vs 
PR, stable disease and progression), and ypN (positive vs 
negative). The Kaplan–Meier estimation method assessed 
the three-year overall survival, disease-free survival, non-
recurrent survival, and the survival after distant metasta-
sis. The univariate comparison was performed using the 
log-rank test.

Results

Cytosolic HMGB1 translocation and PD‑1+ TILs 
in biopsy specimens before neoCRT​

Surgical specimens were reviewed and scored based on 
the Tumor Regression Grade (TRG) system [29]. In all, 
13.5% (12/89) of patients exhibited a pathologic complete 
response (pCR, TRG 4), while 86.5% (77/89) of patients 
exhibited a pathologic partial response (TRG 1–3). We 
first examined the expression pattern of the danger sig-
nal HMGB1 in pretreatment biopsy specimens using an 
immunohistochemical approach in a rectal cancer tissue 
microarray (TMA) [30]. All of the cases were scored based 
on their cytoplasmic staining and intensity. HMGB1 stain-
ing was present not only in the nuclei of adjacent normal 
mucosa (Fig. 1a), but the co-expression of nuclear and 
cytoplasmic HMGB1 (co-expression pattern) was also 
observed in a subset of cancer tissues [44/89 (49.4%); 
Fig. 1c, arrow]. Patients whose biopsy specimens demon-
strated high cytosolic translocation of HMGB1 had better 
outcomes according to the tumor regression grade (TRG, 
p = 0.02) system (Table 1).

Recent studies have found that PD-1+ TILs accurately 
identified the repertoire of clonally expanded tumor-reac-
tive cells in the tumor microenvironment [24, 25]. We, 
therefore, examined the pattern of PD-1 expression on 
tumor-infiltrating lymphocytes and found that a substan-
tial proportion of TILs-expressed PD-1 (29/89 [32.5%]; 
Fig. 1d, e, arrow). The expression of PD-1 on TILs was 
correlated with the pathologic lymph node stage (pN 
stage = 0.03) (Table 1).

Since HMGB1 translocation triggered the maturation 
of DCs as well as antigen presentation, it is reasonable to 
classify tumors that show cytosolic HMGB1 transloca-
tion and PD-1+ TILs in the tumor microenvironment as 
derived from patients with more favorable adaptive immu-
nity. Patients with high cyto-HMGB1 and/or PD-1+ TILs 
were found in a substantial proportion of LARC cases 
(56/ 89 [62.9%]), while the remaining 37.1% (33/89) of 
patients were deemed to have inactive adaptive immunity, 
low levels of cyto-HMGB1 translocation/PD-1+ TILs in 
their biopsy (Table 1).

Prognostic impact of cyto‑HMGB1 and/or PD‑1+ TILs 
on treatment outcome

Moreover, patients with a high level of cytosolic HMGB1 
translocation evident in their pretreatment biopsy speci-
men demonstrated no local recurrence (LR, 0/44 = 0%) 
compared with those with a low level of HMGB1 
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translocation (10/45 = 22%, p = 0.001, Supplementary 
Table 2). Patients with a high level of cytosolic HMGB1 
translocation also demonstrated a lower distant metastasis 
(DM) rate (5 vs 22%, p = 0.01). However, patients with 
high numbers of PD-1+ TILs within the tumor microenvi-
ronment alone did not demonstrate significant differences 
with respect to the local recurrence rate and the distant 
metastasis rate compared with those with low numbers of 
PD-1+ TILs.

Since it is necessary that immune-surveillance and 
immune-scavenging cooperate to achieve tumor control, 
we found that patients with high cyto-HMGB1 and/or 
PD-1+ TILs were significantly likely to experience a low 
local recurrence rate (LR, p = 0.001) and distant metas-
tasis rate (DM, p = 0.006, Supplementary Table 2). We 
then assessed survival outcomes, specifically overall sur-
vival (OS) and disease-free survival (DFS), among LARC 
patients. Within the 3-year follow-up period, 19 patients 
(21.3%) died. The estimated DFS was 78% (Table 2), and the 
estimated OS was 92%. For patients with high cyto-HMGB1 

release and PD-1+ TILs, the estimated DFS was 87 and 93%, 
respectively (Table 2). Kaplan–Meier survival analysis indi-
cated that high cyto-HMGB1 release and PD-1+ TILs were 
associated with better DFS, respectively (p = 0.0211 and 
p = 0.0242; Fig. 2a, b).

Next, we assessed the survival differences between 
groups classified by these two factors. For patients with high 
cyto-HMGB1 and/or PD-1+ TILs, the estimated DFS was 
88%, and the estimated OS was 94%. In comparison, patients 
with less cyto-HMGB1 and/or PD-1+ TILs had a DFS of 
60% and an OS of 87%. The differences in DFS between the 
two groups were statistically significant (p = 0.008, Table 2). 
Kaplan–Meier survival analysis indicated that high cyto-
HMGB1 and/or PD-1+ TILs were associated with a better 
disease-free status (p = 0.008; Fig. 2c), lower local recur-
rence rate (p = 0.01, Supplementary Fig. 1a), and a lower 
distant metastasis rate (p = 0.006, Supplementary Fig. 1b).

In the univariate analysis, patients with low cyto-
HMGB1 (HR = 3.12, 95% CI = 1.12–8.65, p = 0.03) or low 
PD-1+ TILs (HR = 4.61, 95% CI = 1.06–19.94, p = 0.04) had 

Fig. 1   Expression patterns of 
HMGB1+ and PD-1+ tumor-
infiltrating lymphocytes (TILs) 
within tumor microenviron-
ment. a Nuclear staining of 
HMGB1 (200×) in pretreatment 
normal mucosa obtained by 
biopsy. b Nuclear staining of 
HMGB1 (200×) in pretreat-
ment biopsy tumor tissue. c 
Nuclear/cytoplasmic staining 
of HMGB1 (200×) in pretreat-
ment biopsy tumor tissue. d 
PD-1-negative TILs (200×) 
in pretreatment biopsy tumor 
tissue. e PD-1-positive TILs 
(200×) in pretreatment biopsy 
tumor tissue. Scale bar = 20 µm
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an increased risk of poor DFS. Moreover, patient with low 
cyto-HMGB1 and PD-1+ TILs within tumor microenviron-
ment of pretreatment biopsy also had a significant risk of 
DFS (HR = 4.54, 95% CI = 1.72–11.97, p = 0.002, Table 3). 
The overall area under curves (AUCs) was 0.65 for cyto-
HMGB1 and 0.64 for PD-1+ TILs. However, compared to 
the 2-factor combination model (cyto-HMGB1/PD-1+ TILs, 
p = 0.008, Fig. 2c), the results of the ROC curve showed that 
high cyto-HMGB1 and/or PD-1+ TILs is a more powerful 
predictive model (Fig. 2d, AUC = 0.70). These results indi-
cate that the cyto-HMGB1 and/or PD-1+ TILs significantly 
elevated the diagnostic accuracy for LARC patient.

Moreover, in the multivariate analysis, patients with 
low cyto-HMGB1 and PD-1+ TILs in the tumor micro-
environment presented increased risk for poor DFS 
(HR = 4.09, 95% CI = 1.51–11.10, p = 0.006, Table 3), local 
recurrence (HR = 5.17, 95% CI = 1.59–16.85, p = 0.006, 

Supplementary Table 3), and distant metastasis (HR = 3.28, 
95% CI = 1.19–9.05, p = 0.02, Supplementary Table 3). 
These results showed that combinational cyto-HMGB1 and/
or PD-1+ TILs is an independent prognostic factor (Table 3).

Radiotherapy and chemotherapy trigger cytosolic 
translocation of HMGB1 in CRC​

HMGB1 release is associated with environmental stresses, 
such as inflammation, hypoxia, and chemoradiotherapy [31]. 
It has been reported that CRC patients have an increased 
serum level of HMGB1, which is caused by a systemic 
inflammatory response or a local reaction within the tumor 
microenvironment [32]. To examine whether the phenom-
enon of bystander effect (out-of-field) contributes to the 
HMGB1 translocation/release in the tumor microenviron-
ment, we used SW480-HMGB1-GFP cells, which stably 
expressed HMGB1-GFP, and exposed them to 5 Gy using 
a customized circular radiation field 10 mm in diameter. 
First, we measured the relative radiation dose from the cen-
tral zone to the boundary (Fig. 3a). At the boundary zone 
(5 mm away from the isocenter), the relative radiation dose 
was 41.2% that of the central zone. Moreover, as seen in 
Fig. 3a, b, we found that cytosolic HMGB1 translocation 
still occurred at the marginal region beyond the area of direct 
radiation exposure (12 mm from the isocenter with only 
4.5% of the isocenter dose). These in vitro results indicated 
that local radiation could trigger cytosolic HMGB1 translo-
cation beyond the radiation field.

Furthermore, the common chemotherapy drugs used in 
CRCs, such as Capecitabine (Xeloda), Irinotecan (CPT-11), 
and oxaliplatin, all up-regulated HMGB1, triggered cyto-
solic translocation and released HMGB1 to the extracellu-
lar space. The upregulation of HMGB1 is associated with 
the NF-κB signal transduction pathway (Fig. 3c, d). These 
results provided evidence that chemoradiotherapy drugs 
exert their tumor killing function not only by direct cytotoxic 
events but also potentially via triggering an adaptive immune 
response by DAMP signaling.

Discussion

Here, we showed that the cytosolic translocation and extra-
cellular release of HMGB1 and the presence of PD-1+ TILs 
in the tumor microenvironment were significant predic-
tive factors in LARC. Such a combination implies active 
immune-surveillance by the host and the presence of tumor 
scavenging events in tumors. Our study is the first to show 
that the active adaptive immunity in LARC is associated 
with significantly better local control, less distant metastasis 
and prolonged DFS.

Table 2   3-year survival outcome in LARC patients by clinicopatho-
logic parameters, cyto-HMGB1 and/or PD-1+ TILs (Pre-neoCRT, 
n = 89)

Kaplan–Meier method was used for survival analysis
cN stage positive (Stage 1+ 2) vs negative (Stage 0), pN stage positive 
(Stage 1b + 2) vs negative (Stage 0 + 1a + X), primary response good 
response (complete response, CR) vs poor response (PR + SD + PD), 
TRG​ pCR (pathological complete response, Grade 4) vs pPR (patho-
logical partial response, grade 1+ 2 + 3), SE standard error
*p value was obtained from log-rank test

Variable Total cases 3-Year DFS

% p value*

89 78
cN stage 0.7
Negative 46 79
Positive 43 76
pN stage 0.003*
Negative 71 83
Positive 18 56
Primary response 0.72
Good response 11 82
Poor response 78 77
TRG​ 0.58
pCR 12 75
pPR 77 78
Cyto-HMGB1 translocation 0.02*
 High 44 87
 Low 45 68

PD-1+ TILs 0.02*
 High 29 93
 Low 60 71

Cyto-HMGB1 and/or PD-1+ TILs 0.008*
 High 56 88
 Low 33 60
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Fig. 2   The association between disease-free survival (DFS) and 
cyto-HMGB1 and/or PD-1+ TILs in LARC. a Kaplan–Meier curves 
show that cyto-HMGB1 within the tumor microenvironment is asso-
ciated with 3-year DFS (p = 0.0211). b Kaplan–Meier curves show 
that PD-1+ TILs within the tumor microenvironment is associated 
with 3-year DFS (p = 0.0242). c Kaplan–Meier curves show that the 

level of cyto-HMGB1 and/or PD-1+ TILs within the tumor microen-
vironment is associated with 3-year DFS (p = 0.008). d ROC curves 
show sensitivity/specificity for predicting clinical outcome in LARC 
patients receiving neoCRT using the level of cyto-HMGB1 and/or 
PD-1+ TILs

Table 3   Univariate and multivariate analysis of cyto-HMGB1 and/or PD-1+ TILs on survival outcome (Pre-neoCRT, n = 89)

Age: ≥65 vs < 65; sex: female vs male; pN stage: positive (Stage 1b + 2) vs negative (Stage 0 + 1a + X); primary response: CR (complete 
response) vs others (PR + SD + PD); TRG: pCR (pathological complete response, Grade 4) vs pPR (pathological partial response, grade 1+ 2 + 3)

3-Year DFS

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Age (≥ 65 vs < 65) 1 (0.00–3.00) 1.00 0.96 (0.34–2.72) 0.95 0.97 (0.34–2.81) 0.96
Sex (female vs male) 0.87 (0.34–2.23) 0.08 0.73 (0.24–2.19) 0.57 0.68 (0.22–2.06) 0.50
pN stage (positive vs negative) 2.76 (1.17–6.52) 0.02* 3.51 (1.23–9.97) 0.02* 3.70 (1.33–10.31) 0.01*
Primary response (CR vs others) 0.99 (0.29–3.33) 0.98 3.54 (0.27–47.11) 0.34 3.49 (0.26–47.10) 0.35
TRG (pCR vs pPR) 1.35 (0.46–3.98) 0.59 3.85 (0.43–34.10) 0.23 3.75 (0.42–33.15) 0.23
Cyto-HMGB1 translocation (low vs high) 3.12 (1.12–8.65) 0.03* 3.15 (1.10-9.00) 0.03* –
PD-1+ TILs (low vs high) 4.61 (1.06–19.94) 0.04* 2.99 (0.65–13.68) 0.16 –
cyto-HMGB1 and/or PD-1+ TILs (low vs high) 4.54 (1.72–11.97) 0.002* – 4.09 (1.51–11.10) 0.006*
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One of the mechanisms that enhances the tumoricidal 
effect of radiotherapy or chemotherapy is the induction of 
immunogenic cell death (ICD) [33]. ICD is characterized 
by the release of DAMP from stressed or dying tumor cells 
after chemotherapy and/or radiotherapy [34]. Among vari-
ous DAMPs, HMGB1 is pivotal to tumor antigen-specific 
T-cell immunity [35, 36]. HMGB1 release enhances the 
engulfment of antigenic components by DCs through TLR4 
and mediates cross-presentation of tumor antigens onto CD4 
and CD8 T cells, which effectively leads to tumor antigen-
specific T-cell responses for tumor immune-surveillance [35, 
36]. In the current study, we showed that cytosolic HMGB1 
translocation served as a surrogate marker, likely via its 

function in adaptive immune response, to determine the 
therapeutic outcome of patients with LARC. The magnitude 
of cytosolic translocation of HMGB1 in the tumor microen-
vironment before neoCRT positively correlated with patient 
survival. Attractively, previous studies have shown that sev-
eral post-translational modifications, such as acetylation, are 
involved in the translocation of HMGB1 to the cytoplasm 
and its subsequent secretion [37, 38]. Hyperacetylation of 
HMGB1 via JAK/STAT1 signaling redirected this protein to 
the cytoplasm in preparation for HMGB1 secretion during 
inflammation [37, 38]. Moreover, inflammation and TILs 
were also found in the tumor microenvironment before 
neoCRT. These observations strongly support the idea that 

Fig. 3   Radiotherapy and chemotherapeutic agents fostered cytosolic 
HMGB1 translocation in CRC. a The relative radiation dose and 
cyto-HMGB1 distribution in terms of distance. The radiation dose 
distributions were measured using EBT3 films for a small circular 6 
MV photon beam of 10  mm diameter produced by a Varian Linac. 
b SW480-HMGB1-GFP cells were exposed to 5  Gy radiations and 
fixed at the indicated time points by 4% paraformaldehyde for 15 min. 
After fixation, the location of GFP-HMGB1 was observed using 
immunofluorescent microscopy. In all, 100 cells were scored and the 
quantification of these results is shown, ***p < 0.001. c SW620 cells 

were treated with oxaliplatin (10 μM), Xeloda (capecitabine, 10 μM) 
and CPT-11 (5 μM) for 24 h. Cell lysates and medium were then ana-
lyzed using immunoblotting, and the quantification of these results 
is shown (n = 3). **p < 0.01 and ***p < 0.001. d SW620 cells were 
treated with DMSO (DMSO, 0.05%), oxaliplatin (10  μM), Xeloda 
(capecitabine, 10 μM) and CPT-11 (5 μM) for 24 h. The NF-κB pro-
moter activities were analyzed using luciferase assays. These results 
were quantified (n = 3). **p < 0.01 and ***p < 0.001. These data were 
obtained from at least three independent experiments. The values rep-
resent the means ± S.D
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the state of tumor immunogenicity might predetermine the 
outcome of patients who receive neoCRT. Most impor-
tantly, this pivotal predictive information can be obtained 
from pretreatment biopsy specimens and from a patient’s 
blood, as HMGB1 is released and may be detected in the 
peripheral blood. It has been reported that an increase in 
plasma HMGB1 occurs within 3 days after patients undergo 
neoadjuvant chemotherapy for breast and esophageal can-
cers [39, 40]. In addition, HMGB1 was significantly upregu-
lated within the tumor microenvironment in patients who 
underwent preoperative chemoradiotherapy for esophageal 
cancer. The level of HMGB1 in the serum after chemora-
diotherapy positively correlated with tumor antigen-specific 
T-cell responses and patient survival [41]. It is reasonable to 
assume that HMGB1 translocation triggers the cascade of 
tumor scavenging through the activation of the host immune-
surveillance system, which enhances therapeutic efficacy.

Moreover, the neutralization or knockdown of HMGB1 
or its receptor TLR4 on DCs has been reported to be asso-
ciated with reduced anticancer immune response and has 
been shown to be correlated with poor treatment outcomes 
[42, 43]. Patients who carry a loss-of-function allele of 
TLR4, exhibit accelerated tumor relapses after chemother-
apy and shortened disease-free survival in several cancer 
types. Thus, these observations strongly indicated that the 
HMGB1-related immune response after chemoradiotherapy 
may play a critical role in cancer treatments and that cyto-
solic HMGB1 translocation and TLR4 polymorphisms could 
serve as biomarkers to direct patients toward the most effec-
tive therapy.

Tumor-infiltrating lymphocytes have been reported to 
have clinical significance in rectal cancer [7, 44] and colo-
rectal cancer [8, 11, 12]. Teng et al., indicated that high 
densities of TILs before treatment are associated with a good 
response to neoadjuvant chemoradiotherapy and a favora-
ble prognosis in patients with LARC [7]. On the contrary, 
PD-1 plays an important role to attenuate T-cell activation 
and promote T-cell tolerance [45]. PD-1 also participates in 
the regulation of the immune response against cancer cells 
and facilitates the evasion of the immune system by tumor 
cells [46]. Moreover, recent reports have indicated that 
PD-1+ TILs represent a subpopulation of CD8+ immune 
effector cells. Here, we found that the density of PD-1+ TILs 
in tumor tissues predicts better therapeutic results. In line 
with our observation, it has been reported that the presence 
of CD8+/PD-1+ lymphocytes can serve as a biomarker for 
the identification of the tumor-reactive repertoire of immune 
cells [24, 25] and act as a predictor of a better overall sur-
vival rate in follicular lymphoma [21]. Moreover, recent 
studies supported our finding that high HMGB1 expression 
in cytoplasm was associated with abundant TILs [47]. Lee 
et al., indicated that high cyto-HMGB1 expression was asso-
ciated with high numbers of CD8+ cells in the breast cancer, 

suggesting that cyto-HMGB1 expression is involved in DC 
maturation for antigen presentation and TILs recruitment 
within tumor microenvironment.

In summary, our results showed that patients with locally 
advanced rectal cancer and with high cyto-HMGB1 and 
PD-1+ TILs before neoCRT had better outcomes. Cytosolic 
HMGB1 translocation, which activates the maturation of 
DCs via TLR4 and recruits PD-1+ TILs within the tumor 
microenvironment, can serve as a surrogate of immune-
surveillance (sending out danger signals) and immune-
scavenging (sending in effector cells). Hence, HMGB1 can 
not only serve as predictive biomarkers before treatment but 
may also help to verify the status of patients during neoCRT. 
We are conducting a prospective study to further uncover 
how HMGB1 and PD-1+ TILs evolve during a course of 
chemoradiotherapy. This study involves the longitudinal col-
lection of tissues and blood from patients who are under-
going neoCRT for LARC. A better understanding of adap-
tive immune activity will pave the way for future precision 
immunotherapy.
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