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Background: Lymphotoxin-beta receptor (LTBR) is an immunological protein associated with
inflammation, and from preclinical studies is implicated in tumorigenesis. The epidemiological relationships
with cancer are unknown, hence this study investigated their associations.

Methods: From a multiethnic population-based cohort, 3,032 participants without a prevalent cancer (a
diagnosis prior to or within one year of enrollment) at baseline underwent measurement of plasma LTBR.
These participants were followed for incident cancer using the Texas Cancer Registry (T'CR).

Results: Over a median follow-up of 12.1 years, 178 participants developed incident cancer, of which 30
participants developed incident gastrointestinal (GI) cancer. Median plasma LTBR (1.10 vs. 1.00 ng/mL,
P<0.02) levels were higher in individuals with overall incident cancer compared to those without cancer.
After adjustments for age, sex, and race/ethnicity, these relationships were no longer significant. When
analyses were stratified by cancer type, LTBR was positively associated with GI cancer after adjustments: HR,
95% CI per 1-standard deviation increase in concentration 2.64 (1.23-5.68), P=0.013. L'TBR stratified by
quartiles was significantly associated temporally with the risk of incident GI cancer, log-rank: P=0.011. The
median interval to incident GI cancer diagnosis was 5.9 years.

Conclusions: Increased plasma levels of LTBR are associated with the development of GI cancer. The
antecedent findings years prior to a subsequent diagnosis of incident GI cancer suggest a role for LTBR in
the pathogenesis of GI cancer. Further studies are needed to determine if LTBR can serve as an immune

biomarker for GI cancer, in particular hepatocellular and colorectal cancers.

Keywords: Inflammation; immunology; gastrointestinal cancer (GI cancer); hepatocellular carcinoma; colorectal

carcinoma; epidemiology

Submitted Oct 29, 2019. Accepted for publication Dec 06, 2019.
doi: 10.21037/jg0.2020.01.04
View this article at: http://dx.doi.org/10.21037/jg0.2020.01.04

Introduction (2,3). Moreover, inflammatory cells and mediators of the

L . . .. immune system are commonly detected in GI cancers (4).
Inflammation is considered an enabling characteristic Y Y )

for cancer development and tumorigenesis (1). The This link has been reported in epidemiological studies
link is particularly strong between tumorigenesis and which have demonstrated that circulating mediators of the

chronic gastrointestinal (GI) inflammatory conditions inflammatory and immune responses are associated with the
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development of GI cancer (5-8). Other studies have failed
to demonstrate the association of circulating mediators of
the inflammatory and immune responses with GI cancer (9).
Lymphotoxin-B receptor (LTPR) is a protein that
mediates various immunological and inflammatory
pathways (10-12). LTBR is a cell surface receptor and a
member of the tumor necrosis factor receptor superfamily
(TNFRSF3) expressed on a variety of cells such as
epithelial, fibroblasts, endothelial and myeloid lineage cells
but not B or T lymphocytes (13). Activation of LTBR allows
for communication between lymphocytes and stromal,
epithelial or myeloid cells, influencing immunological and
inflammatory pathways (10-12,14). Two recent independent
reviews of a host of preclinical animal studies separately
concluded that TBR promotes tumorigenesis (15,16). An
essential mechanistic role for LTBR in the tumorigenesis
of hepatocellular carcinoma was demonstrated by the
provocative studies of Haybaeck and colleagues (17).
Moreover, lymphotoxin has been implicated in shaping the
network pathways of the tumor microenvironment, which
conceptually is an early event in tumorigenesis (10).
Epidemiological studies have investigated the
associations of inflammatory biomarkers with cardiovascular
disease (18-23) and concurrently, within these same cohorts,
investigations have explored the association of inflammatory
biomarkers with incident cancer (6-8). Given the scientific
evidence that LTBR is associated with early tumorigenesis
for GI cancers, we aimed to investigate the relationship of
this inflammatory protein with the subsequent development
of incident cancer and incident GI cancer, leveraging an
existing, large, and multiethnic population-based cohort:

the Dallas Heart Study (DHS) to explore this hypothesis.

Methods
Study population

Details of the design and enrollment of the DHS have
been previously described (24). Briefly, the DHS is a
well characterized single site, multiethnic, population-
based probability sample of Dallas County residents (aged
18-65 years) which enrolled participants between July 2000
and January 2002. This existing cohort was designed to
intentionally oversample non-Hispanic African American
participants to compose half of the study population
included the collection of detailed socioeconomic,
biomarker and imaging data from each participant.

The current study includes participants who completed
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a detailed computer-assisted survey, measurements
of anthropometric variables, biomarker, radiographic
imaging, blood pressure and laboratory testing (n=3,557).
Demographic, lifestyle and other risk factors were
determined from the baseline questionnaire. Ethnicity
was self-assigned in accordance with United States census
categories. Body mass index (BMI) was calculated as
weight (kilograms) divided by the square of the height
(meters). Hypertension was defined as blood pressure
>140/90 mm Hg or taking antihypertensive medication(s).
Diabetes mellitus was defined as a fasting serum glucose
>126 mg/dL, self-reported diabetes, or taking hypoglycemic
medication. Smoking was defined as cigarette use within
the previous 30 days and/or a lifetime history of having
smoked >100 cigarettes. Alcohol use was determined in
grams/wk by self-report. Participants without measurement
of plasma I'TBR were excluded from the study population
(n=368). As with other studies investigating incident cancer
in the DHS cohort, participants with history of or present
diagnosis of malignancy were also excluded (25). To account
for cancers that may have been undetected at baseline,
new cases of cancer diagnosed within one year after date
of enrollment to DHS were excluded from the analysis
(blanking period). After these exclusions, 3,032 participants
were eligible for follow-up (Figure I). All participants
provided written informed consent to participate in the
DHS. The Institutional Review Board of the University of
Texas Southwestern Medical Center in Dallas approved the
protocol and all research was performed in accordance with
relevant institutional guidelines.

Assay for LTBR and other analytes

Fasting venous blood samples were collected in EDTA
collection tubes and maintained at 4 °C for <4 h, followed
by centrifugation at 4 °C. Aliquots of plasma were frozen at
-80 °C and shipped to Biosite, Inc. (an Inverness Medical
Company, Waltham, MA), where they were thawed for
measurement of UTBR as previously described (23). A
Quantikine based sandwich immunoassay was performed
using Biosite’s proprietary device platform. Quality control
and assurance was maintained by Biosite. The minimal
detection limit of the assay was 0.3 ng/mL, and the inter
assay and intra assay coefficient of variation within the
assay range was 14%. Assay results were transferred to
University of Texas Southwestern and merged with the
clinical database. Biosite had no access to clinical data at any
time. Samples had been thawed once for aliquoting prior to
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Participants eligible for inclusion
(n=3,189)

Participants without lymphotoxin-
beta receptor measurement
(n=368)

\ 4

Participants eligible for
follow-up (n=3,067)

Participants with past or current
history of cancer (n=122)

\4

Total participants included in
study (n=3,032)

Participants who developed cancer
within 1 year of enrollment
(n=35)

Figure 1 Flow diagram of the Dallas Heart Study for the lymphotoxin-p receptor and caspase-3 study cohort.

LTPBR measurement. High sensitivity assay for C-reactive
protein (CRP) was performed using the Roche/Hitachi 912
System (Roche Diagnostic, Indianapolis, IN) as previously
described (24). Assays were performed by individuals
blinded to all clinical data.

Cancer assessment

The utilization of the Texas Cancer Registry (TCR)
linked to the DHS cohort for identification and capture of
cancer cases has been previously been described (24,25).
All cancer cases identified by the TCR were classified by
type/location of cancer, date of recorded diagnosis as well
as a determination of prevalent or incident cancer. Cases
with a date of cancer diagnosis one year after the date of
enrollment to DHS were classified as incident cancer and
those cases at the time of enrollment or within the one-
year window were classified as prevalent cancer. GI cancers
included cancers where the primary site was upper and
lower GI tracts as well as pancreatic, liver or gallbladder.
Carcinoma in-situ and skin cancers were not included. In
cases with more than one known cancer, only the first was
included.

© Journal of Gastrointestinal Oncology. All rights reserved.

Statistical analysis

Baseline characteristics of the study population are
reported as proportions or median values with 25th and
75th percentiles (interquartile range, IQR). Univariate
comparisons utilized Chi Square tests or Wilcoxon rank
sum test, as appropriate. Quartile analysis used a two-
sided Jonckheere-Terpstra Test to assess trends. Kaplan-
Meier curves were constructed for the relationship of LTPR
to time of incident cancer cases and assessed by the log-
rank test. Data for the anatomical sites are expressed as a
mean with the standard deviation. Plasma lymphotoxin
B receptor levels were modeled following a logarithmic
transformation. Separate Cox proportional hazards
models were used to examine the multivariate adjusted
associations between I'TPR and the primary outcome. The
proportionality assumption was verified using Schoenfeld
residuals. The results are reported as hazard ratios (HR)
and 95% CI per 1-standard deviation of the biomarker
concentration. The primary outcome was any incident
cancer and secondary outcomes were incident cancer types
(breast, GI and prostate). Models were sequentially adjusted
for age, sex, race/ethnicity, smoking history, alcohol history,
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Table 1 Baseline characteristics of participants with and without incident cancer in the Dallas Heart Study

Characteristics No cancer (n=2,854) Incident cancer (n=178) P-value
Clinical characteristics
Age (years) 43 [36-51] 52 [45-58] <0.01
Males 1,282 (44.9) 79 (44.4) 0.94
Race
African Americans 1,457 (51.1) 105 (59.0) 0.044
Caucasians 832 (29.2) 53 (29.8) 0.87
Hispanic 507 (17.8) 16 (9.0) <0.01
Other 58 (2.0) 4(2.2) 0.78
Diabetes 322 (11.3) 38 (21.3) <0.01
Hypertension 919 (32.2) 96 (53.9) <0.01
Family history of cancer 591 (20.7) 60 (33.7) <0.01
Smoking 809 (28.3) 58 (32.6) 0.20
Alcohol use 1,963 (68.8) 118 (66.3) 0.56
Measures of adiposity
Body weight (kg) 83.0 (70.7-98.4) 83.4 (71.6-99.6) 0.33
Body mass index (kg/m?) 29.4 (25.5-34.6) 30.2 (25.1-35.9) 0.30
Biochemical characteristics
High sensitivity C-reactive 2.8 (1.2-6.80) 3.60 (1.40-8.00) 0.67
protein (mg/dL)
Plasma lymphotoxin- receptor 1.00 (0.70-1.30) 1.10 (0.80-1.50) <0.01

(ng/mL)

Data reported as median (interquartile range) or number (%), as appropriate.

family history for cancer, physical activity, BMI and high
sensitivity C-reactive protein. Due to the number of events,
adjustments of confounders were restricted to major clinical
variables such as age, race and sex. Sensitivity analyses were
performed by extending the blanking period for incident
cancer to two years to exclude potential indolent undetected
cancers at baseline. P values of <0.05 were considered
statistically significant (23). All analyses were performed
using SAS version 9.4 (SAS Corporation, Cary, NC, USA).

Results
Patient characteristics for incident cancer cobort

The study cohort of the consisted of 3,032 cancer-free
individuals, median age of 43 years [IQR 36, 51]. The

© Journal of Gastrointestinal Oncology. All rights reserved.

cohort was 51.1% African American, 29.2% White and
17.8% Hispanic and 55.1% female (Tuble 1) The study
population was followed for a median of 12.1 years [IQR
11.7, 12.5] and 178 (5.9%) participants were diagnosed
with an incident cancer one year after enrollment in the
DHS. The most common type of incident cancers was
breast, GI and prostate (22%, 17% and 17% of the total
incident cancer, respectively). Further details regarding type
of cancer are presented in Table S1. The participants with
incident cancer were older compared to the participants
who were cancer free (1able 1). In regards to demographics,
for individuals without incident cancer, the majority were
women (55.1%) and African Americans (51.1%). There
was no significant difference in body weight, BMI or
measurements of serum high sensitivity C-reactive protein
levels between those with and without incident caner.
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Table 2 Associations of plasma lymphotoxin-p receptor with incident cancer

Model 1

Model 2

Model 3 Model 4

Lymphotoxin-p receptor 1.31 (1.06-1.62); 0.014

1.10 (0.87-1.38); 0.44

1.12 (0.88-1.43); 0.37 1.13 (0.88-1.45); 0.34

Data reported as HR (95% ClI); P value. Model 1, unadjusted (univariable, continuous); Model 2, additionally adjusted for age, race, sex;
Model 3, additionally adjusted for age, smoking, alcohol, family history for cancer, physical activity, body mass index; Model 4, additionally

adjusted for high sensitivity C-reactive protein levels.
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Figure 2 Kaplan Meier curve of time to incident gastrointestinal
cancer by lymphotoxin- receptor quartiles. Vertical axis is the
percentage of subjects developing incident gastrointestinal cancer
in each quartile and the horizontal axis is years of follow-up. (Q1
refers to the first quartile, Q2 refers to the second quartile, Q3
refers to the third quartile and Q4 refers to the fourth quartile).
Median interval to GI cancer diagnosis was 5.9 (2.8, 8.9) years.
Log-rank test P=0.011.

Plasma LTR and incident cancer

Median plasma LTBR levels were 1.10 (IQR 0.80,
1.50) ng/mL in the incident cancer group and 1.00
(IQR 0.70, 1.30) ng/mL in the non-cancer group (P<0.01)
(Table 1). Stratification of the study population into quartiles
of plasma LTBR levels revealed associations with age and
female but no association with race/ethnicity (7able S2). In
multivariable analysis there also existed an association of
LTBR levels to age, diabetes, hypertension, alcohol use, and
high sensitivity C-reactive protein (7zble S3). To further
assess the associations of plasma I'TBR with incident cancer,
four separate models were constructed for plasma LTPBR.
In the unadjusted analysis for plasma LTBR as depicted in
Table 2, LTPR was significantly associated with incident
cancer with a HR of 1.31 (P=0.014). After adjusting for age,

race and sex, the HR for incident cancer was attenuated to
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1.10 (P=0.44). Additional adjustment for smoking, alcohol,
family history of cancer, and for C-reactive protein did not
alter the findings.

Plasma LTPR and time to diagnosis for incident GI cancer

Among the 178 participants with incident cancer, 30 (17%)
were GIL. The Kaplan Meier curves for incident GI cancer
by quartiles of LIBR (Figure 2) revealed a risk for incident
GI cancer for the first quartile of 0.25%, the second quartile
of 0.82%, the third quartile 1.16% and the fourth quartile
1.9% at 12 years (log-rank P=0.011). The median follow-
up (tme interval from enrollment to the time of reported
subsequent cancer diagnosis) for incident GI cancer was 5.9
(2.8, 8.9) years.

Plasma LTPR and incident cancer type

The major incident cancer types for the 178 participants
were: breast 40 (22.5%); prostate 30 (16.9%) and GI 30
(16.9%). After adjustments for age, race and sex, plasma
LTBR levels were not associated with the subsequently
reported diagnosis of incident breast cancer (HR 1.69, 95%
CI, 0.70-4.13) or incident prostate cancer (HR 0.34, 95%
CI, 0.1-1.37) as depicted in Table 3. However, elevated
levels of plasma LTBR were positively associated with
incident GI cancer, even after adjustment for age, race, and
sex (HR 2.64, 95% CI, 1.23-5.68, P=0.013, Tuble 3).

Plasma LTPR and anatomical sites of incident GI cancer

The majority of the 30 incident GI cancers, were colon
(30%), rectal (20%), pancreatic (17%) and liver (10%), as
shown in Tuble S4. The highest mean LTBR level was liver:
2.10+0.61 ng/mL and the lowest mean LTPR level was
pancreatic: 1.10£0.91 ng/mL. Statistical analyses for the
association of plasma LTBR and anatomical sites of incident
GI cancer were limited by the low number of cases within
each anatomical site as shown in Table S4.
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Table 3 Association of plasma lymphotoxin-p receptor with specific incident cancer type adjusted for age, race, and sex

Breast cancer

Prostate Gastrointestinal

Lymphotoxin-p receptor 1.69 (0.70-4.13); 0.25

0.37 (0.10-1.37); 0.14 2.64 (1.23-5.68); 0.013

Data reported as HR (95% ClI); P value.

Discussion

The present longitudinal multiethnic population-based
cohort study demonstrates that elevated plasma levels of
the immune or inflammatory protein, UTBR are associated
with the subsequent development of incident GI cancer
after adjustment for age, sex and race. To our knowledge,
this is the first longitudinal human study to demonstrate
that the antecedent elevated plasma I'TBR levels predate the
subsequent diagnosis of incident GI cancer.

In the present study, similar findings that elevated plasma
LTBR is associated with the subsequent development of
incident prostate and breast cancers was not observed since
the HR for the association of incident prostate cancer and
LTBR was 0.37 (1able 3), although it was not statistically
significant. This is consistent with findings that LTBR
can exert an antitumor effect (16,26). This opposite effect
of LTPR may account for why, in analysis of all incident
cancers (which includes an admixture of prostate and GI
cancers), a significant relationship was not observed, but a
significant relationship was observed in an analysis restricted
to incident GI cancer. In addition, these understanding
underscore the need to perform separate analyses based
on type of incident cancer (GI versus prostate). The
relevance may also apply to the subtyping of incident GI
cancers by anatomical sites; the mean plasma LTBR levels
for liver was higher when compared to pancreatic cancer.
The apparent difference is supported by studies which
clearly demonstrated increased expression of LTBR in
hepatocellular carcinoma, whereas comparable studies are
not available for pancreatic cancer (17). Hence, a stronger
relationship may potentially be demonstrated if the analyses
were restricted to only hepatocellular carcinoma but did not
include pancreatic cancer.

"This differential effect based on type of cancer (GI versus
prostate or breast) may reflect the critical role of LTBR
signaling in the immune and inflammatory responses of the
GI system. LTBR has been demonstrated in mice models to
be essential for organogenesis in secondary lymphoid organs
of the GI system such as Peyer’s patches (27,28). This was
demonstrated in the knockout mouse model for the LTBR
gene when the mice failed to develop Peyer’s patches (28,29).

© Journal of Gastrointestinal Oncology. All rights reserved.

Moreover, the inflammatory GI responses to viral hepatitis,
Helicobacter pylori and colitis are mediated by LTBR
(17,30,31). Intriguingly, each of these inflammatory
conditions with the liver, stomach and colon in humans is
associated with an increased risk of subsequently developing
a GI cancer in these organs.

The relevance of LTBR to GI cancers is supported by
studies that demonstrate ITBR participates in the immune
system development, combined with the findings of
increased incidences of GI malignancies in patients with
common variable immunodeficiency (26,27,32-34). In
attempt to better understand the genetic basis for colorectal
cancer, a GI cancer, Zhang et 4/. mapped 2 genetic loci
to genes TCF7L2 and TGFBI which are associated with
Wnt/B-catenin pathway (35,36). In another pathway,
Scarzello and colleagues demonstrated LTBR signaling of
AKT/B-catenin-initiated tumors induced robust increase
in proliferation and progression of hepatic tumors (37).
To identify specific proteins that may participate in the
pathways of tumorigenesis for GI cancers, Saha and
colleagues identified high gene expression of TTYH3, an
ionic channel membrane protein, that was associated with
poorer clinical outcomes for gastric cancer and could have
utility as a biomarker. LTBR, a membrane protein, may
also function in a similar manner to TTYH3 (38). These
proteins may encourage future research in elucidating
the pathogenetic mechanisms of tumorigenesis for GI
cancers (38).

The association of UTBR with cancer, is also provided
by experimental studies (15,16). Unlike the present
epidemiological study, experimental studies have examined
LTBR in the cell membrane but not plasma or soluble
LTBR. It is not clear that the plasma I'TPR concentration
mirrors the activity of UT'BR in the cell membrane. Several
potential mechanisms may explain the finding of elevated
levels of soluble or plasma LTBR that positively affect
tumor development. High levels of measurable soluble
LTBR in the circulation may be the result of receptor
proteolytic cleavage and shedding of cell-surface receptors,
which is a common phenomenon observed with other

cytokine receptors such as TNFR1 and IL6R (39,40). It
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has been reported that sheddases, proteases that cleave the
extracellular domains of receptors from the cell surface,
are frequently overexpressed in cancer (39). Additionally,
the cleaved extracellular domain of LTBR can function as
a decoy by binding to either LTof, or LIGHT and further
reduce LTBR mediated action.

Our findings are similar to other epidemiological studies,
the Nurses’ Health Study and the Tromse Study which found
that elevated plasma soluble tumor necrosis factor receptor
2 (STNFR-2) and serum osteoprotegerin (OPG) levels
were associated with the subsequent diagnosis of incident
colorectal cancer and GI cancer, respectively (7,8). The
Tromse study found that elevated serum levels of OPG
prior to the diagnosis of incident cancer were associated
with an increased risk of incident GI cancer and mortality,
but not with incident breast or prostate cancers (7).
The present study also congruently found that elevated
levels of soluble plasma LTBR predate the diagnosis of
incident GI cancer but not breast or prostate cancers.
OPG, TNFR-2 and LTBR are inflammatory proteins and
OPG is known to function as a decoy for tumor necrosis
factor receptor superfamily member 11B (TNFRSF11B).
Soluble LTBR and sTNFR-2 potentially could function
as decoys for tumor necrosis factor receptor superfamily
member 3 (TNFRSF3) and TNFR-2, respectively. The
similar findings from these three separate prospective
epidemiological studies independently corroborate the
individual results of each study. The findings from the
present study are reinforced with the understanding that the
DHS was not only a racially diverse study population but by
study design there was an intentional oversampling of non-
Hispanic African American participants which was greater
than 50% of the study population. This racial distribution
was not a study design feature for either the Nurses’ Health
Study and the Tromse Study.

The intriguing findings that the antecedent elevation
of the plasma immune or inflammatory protein LTBR at
a median of 5.9 years predated the subsequent clinical
detection or diagnosis of GI cancer suggests that LI'BR has
an early role in the development and pathogenesis. Early
elevations of this immune or inflammatory biomarker may
correlate with the beginnings of tumorigenesis or the tumor
microenvironment. The immune system is an important
component in the tumor microenvironment and LTBR and
its cognate ligands are immune protein mediators that shape
the tumor microenvironment (10). Thus, elevated plasma
LTPR levels may be early iz vivo immune biomarkers for
the tumor microenvironment and the subsequent diagnosis

© Journal of Gastrointestinal Oncology. All rights reserved.
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of incident GI cancer.

Strengths of this study include the population-based
design, large number of participants, racial heterogeneity
with the intentional oversampling of African Americans,
long-term follow-up and the simultaneous measurement of
LTBR in this cohort. Limitations include the observational
design which precludes the ability to establish causality as
well as the dynamic relationship of how these levels change
over time. Due to the retrospective analysis of this cohort
population, with limited impact on exposure and outcome
assessment, this analysis and interpretation of data was
hypothesis-generating, which needs to be confirmed in a
prospective fashion. DHS participants who were diagnosed
with cancer outside the state of Texas would not have
been captured and reduced our sample size. Also, limited
numbers of overall cancers and GI cancers (N=30) and
should be combined with future studies to confirm the
findings.

In summary, elevated plasma LTPR is associated
with the subsequent diagnosis of incident GI cancer at
a median interval of 5.9 years. The antecedent elevated
LTBR levels years prior to the development of incident
GI cancers, combined with pre-clinical studies by other
investigators suggest a role for LT'BR in the pathogenesis
of GI cancer. These findings may provide insight into
the tumor microenvironment and be potentially useful
for risk stratification of GI cancer by utilizing circulating
inflammatory biomarkers. Further studies are necessary to
elucidate the mechanisms of tumorigenesis in GI cancer.
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