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Figure 1. Patient enroliment process.
doi:10.1371/journal.pone.0087596.g001

patients with NAFLD than those without (Table 1). On the other
hand, history of D drug use and cumulative years of ART were not
significantly different between the two groups.

Univariate analysis showed a significant association between
NAFLD and the following non-HIV specific variables (Table 2):
higher BMI (per 1 kg/m2 increment, OR=1.282; 95% CI,
1.197-1.373; p<<0.001), dyslipidemia (OR=2475; 95% CI,
1.594-3.842; p<<0.001), hypertension (OR=1.818; 95% CI,
1.117-2.961; p=0.016), ALT to AST ratio (per 1 increment,
OR =4.831; 95% CI, 3.073-7.594; p<<0.001), higher ALT (per
10 IU/1  increment, OR=1.027; 95% CI, 1.002-1.053;
p=0.034), higher triglyceride (per 10 mg/dl increment,
OR=1.021; 95% CI, 1.005-1.038; p=0.010), and higher LDL-
C (per 10 mg/dl increment, OR =1.096; 95% CI, 1.003-1.196;
p = 0.042). Among HIV-specific variables, only higher CD4 count
was associated with NAFLD (per 1/ul increment, OR =1.001;
95% CI, 1.001-1.002; p=0.002)(Table 3). On the other hand,
older age (per 1 year increment, OR=0.996; 95% CI, 0.980-
1.013; p=0.668) and diabetes mellitus (OR=1.577; 95% CI,
0.657-3.784; p=0.308) were not associated with NAFLD.
Compared to no D drug use, history of D drug use was not
associated with NAFLD (Any to <1 year of D drug use, n=42,
OR =0.956; 95% CI, 0.476-1.919; p=0.899)(1 to 3 years of D
drug use, n =46, OR =1.137; 95% CI, 0.592-2.184; p = 0.699)(>
3 years of D drug use, n =40, OR =0.533; 95% CI, 0.237-1.200;
p=0.129)(Table 3).

Among patients treated with D drugs (n = 128), the median time
period since withdrawal was 3.46 years (IQR 1.03-6.29).
Compared to treatment-naive patients, ART use was not
associated with NAFLD as well (<2 year of ART exposure,
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n =80, OR=1.110; 95% CI, 0.620-1.985; p = 0.726) (2 to 6 years
of ART exposure, n= 100, OR=0.941; 95% CI, 0.541-1.637;
p =0.830) (>6 year of ART exposure, n=103, OR =1.135; 95%
CI, 0.664-1.943; p = 0.643)(Table 3).

Multivariate analyses identified the following variables as
independently associated with NAFLD: BMI (per 1 kg/m?
increment, adjusted OR=1.198; 95% CI, 1.112-1.290; p<
0.001), dyslipidemia (adjusted OR=2.045; 95% CI, 1.183-
3.538; p=0.010), ALT to AST ratio (per 1 increment, adjusted
OR =3.557; 95% CI, 2.129-5.941; p<<0.001)(Table 4).

Discussion

To our knowledge, this is the first study that investigated the
prevalence and associated factors of NAFLD in Asian patients with
HIV-1 infection, and is the largest study that focused on NAFLD
in patients with HIV-1 monoinfection (without chronic hepatitis C
infection). The prevalence of NAFLD in this study was 31%,
which is comparable to 31% at the Naval hospital in San Diego,
US, and 36.9% at the metabolic clinic in Modena, Italy [8,9].
Multivariate analysis indicated that traditional predictors for
NAFLD in the general population, such as higher BMI,
dyslipidemia, and ALT to AST ratio [6], were significantly
associated with NAFLD, whereas HIV-specific variables, including
history of D drug use and cumulative years of ART, were not
associated with NAFLD.

Our result of nearly one third of Asian patients with HIV-1
monoinfection have NAFLD highlights the importance of
screening for NAFLD among this patient population, due to the
potential progression of NAFLD to liver fibrosis, cirrhosis, and
liver cancer [2,21]. In addition, the finding that higher BMI,
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Table 1. Basic demographics of the entire study population, patients with NAFLD and without NAFLD.

Total (n=435)

Male sex, n (%) 406 (93)

Body mass index, (kg/m*)" 22.1 (20.2-24.9)

25 (19-37)

102 (85-126)

162 (104-233)

82 (19)

Alcohol consumption

226 (52)

Moderate (<20 g/day for men, <10 g/day for

n (%)

women)
&

CD4 cell count (cells/ul)"

349 (203-512)
HIV load <50 copies/mL, n (%) 227 (52)
History of ddi/ddC/d4T exposure, n (%) 128 (29)

Current antiretroviral therapeutic regimen

History of AIDS, n (%)

156 (36)

NAFLD (n=135)

129 (96)

25 (21.7-27.5)

31 (21-50)

111 (90-129)

189 (125-254)

20 (15)

70 (52)

377 (230-591)

73 (55)

37 (27)

51 (38)

No NAFLD (n=300) p?

277 (92) 0.299

21.5 (20-23.3) <0.001

23 (18-31) 0.152

101 (83-125)

149 (96-226)

62 (21)

1.000

156 (52)

338 (172-480) 0.001

154 (52) 0.602

91 (30) 0.571

14 (10)

105 (35) 0.590

immunodeficiency syndrome.
doi:10.1371/journal.pone.0087596.t001

dyslipidemia, and ALT to AST ratio were associated with NAFLD
warrants aggressive approach to life-style changes and keeping
optimal body weight, as well as the management of dyslipidemia.
This is particularly important because the metabolic syndrome,
obesity, type 2 diabetes mellitus, and dyslipidemia are widely
prevalent and are increasing among the general population in Asia
[5]. Our study identified obesity in 4.1% of the study population
(BMI >30 kg/m?), the number that is similar to that reported
from the Italian metabolic clinic (4.9%), although much lower
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“Data are median (interquartile range). Four missing values in variable HIV load<50 copies/mL.

2y? test or Fisher's exact test was used for categorical data, and Student’s t test for continuous variables.

NAFLD, nonalcoholic fatty liver disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ddl, didanosine; ddC, zalcitabine; d4T, stavudine; ART,
antiretroviral therapy; Pl, protease inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; AIDS, acquired

than that reported in US (14.8%) [8,9]. Our results showed that
the prevalence of NAFLD in Asian patients with HIV-1 infection
is as high as that reported in the above two studies, and warrants
the need for paying attention to this disease in Asian patients with
HIV-1 infection.

Interestingly, the present study did not identify HIV-specific
variables, especially treatment with D drugs, to be associated with
NAFLD. D drugs (dideoxynucleoside analogues; ddI, d4T, and
ddC), a subgroup of NRTIs, inhibit mitochondrial DNA (mDNA)
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Table 2. Univariate analysis to estimate the associations of non HIV-specific variables with nonalcoholic fatty liver disease.

Alcohol consumption

Non smoker

Odds ratio

Age per 1 year increment 0.996

Ethanol <20 g/day for men, <10 g/day for women 0.994

Reference

=20 cigarettes/day 0.813

2475

ALT to AST ratio per 1 increment 4.831

AST per 10 [U/l increment 1.034
Low-density lipoprotein cholesterol per 10 mg/dl increment 1.096

High-density lipoprotein cholesterol per 10 mg/d! increment 1.032

95%Cl

P value

0.980-1.013 0.668

0.662-1.493 0.977

Reference Reference

0.495-1.334 0412

1.594-3.842 <0.001

3.073-7.594 <0.001
0.986-1.084 0.169

1.003-1.196 0.042

0.878-1.215 0.700

doi:10.1371/journal.pone.0087596.t002

Table 3. Univariate analysis to estimate the association of
HIV-specific variables with nonalcoholic fatty liver disease.

Odds ratio 95%Cl

P value

No ddi/ddC/d4T use (n=307)

Reference

Reference

1-3 years of ddI/ddC/d4T use 1137 0.592-2.184  0.699

(n=46)

ART exposure

<2 years of ART exposure 1.110
(n=80)

0.620-1.985  0.726

>6 years of ART exposure 1.135 0.664-1.943  0.643

(n=103)

HIV viral load per log,o/mi 0.955
increment

0.833-1.094  0.507

History of AIDS 1.128 0.740-1.718  0.576

OR, odds ratio; Cl, confidence interval; ddl, didanosine; ddC, zalcitabine; d4T,
stavudine; ART, antiretroviral therapy; AIDS, acquired immunodeficiency
syndrome.

doi:10.1371/journal.pone.0087596.t003
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Cl, confidence interval; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

polymerase v, resulting in depletion of mDNA in the liver [22],
and causes mitochondria toxicity with potential fatal lactic acidosis
and hepatic steatosis [23-25]. However, previous studies on
patients with HIV monoinfection (without chronic hepatitis G
infection) showed conflicting results with regard to the relation
between NAFLD and D drug use [8,9]. The present study also did
not find significant association between D drug use and NAFLD.
Considering that D drugs are rarely used in resource-rich settings
and their use is also rapidly decreasing in resource-limited settings,
especially after 2010 revision of WHO guidelines, which
eliminated d4T from the first line therapy (http://whqlibdoc.
who.int/publications/2010/9789241599764_eng.pdf), it is proba-
bly plausible to say that more focus needs to be put on traditional

Table 4. Multivariate analysis of independent variables
associated with nonalcoholic fatty liver disease (n=408).

Adjusted OR 95%Cl

P value

Age 1 year increment 0.983-1.027 0.672

2.045 1.183-3.538  0.010

Hypertension 0.959

0.510-1.805  0.897

OR, odds ratio; Cl, confidence interval; ALT, alanine aminotransferase; AST,
aspartate aminotransferase.
doi:10.1371/journal.pone.0087596.t004
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predictors for NAFLD, such as obesity and dyslipidemia, rather
than D drug use when screening and managing NAFLD in
patients with HIV-1 infection.

There are several limitations to our study. First, the diagnosis of
NAFLD was achieved by use of ultrasonography, although
histological confirmation of NAFLD by liver biopsy is considered
the gold standard [16]. Because it is also difficult to grade the
severity of fat infiltration in the liver by ultrasonography, the
present study could not distinguish nonalcoholic steatohepatitis
(NASH), the more severe form of NAFLD [6,16,19]. However,
liver biopsy is an invasive and costly procedure. Compared to
histopathology and other imaging devices, such as computed
tomography (CT) and magnetic resonance imaging (MRI), the
reliability and accuracy of ultrasonography in the diagnosis of fatty
liver has been well-established [16]. Other advantages of
ultrasonography includes low cost, safety, and availability,
compared with liver biopsy, CT, and MRI [16]. Second, because
the study population comprised of mostly males, the results of the
present study might not apply to female patients. Third, we cannot
exclude possible overestimation of the prevalence of NAFLD in
this study since the study population included patients who
underwent abdominal ultrasonography in clinical practice. How-
ever, considering that the two previous reports on NAFLD in
HIV-monoinfected patients included only patients with dyslipide-
mia and hyperglycemia at the metabolic clinic [9], and almost
exclusively military personnel at the naval hospital [8], respec-
tively, the present study confers clinically useful information
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derived from routine clinical practice with comparatively unre-
stricted patient population at a large urban HIV clinic.

In conclusion, the present study demonstrated that the
prevalence of NAFLD in Asian patients with HIV-1 infection
was 31%, which is comparable to the studies from Western
Europe and US. NAFLD was significantly associated with
traditional predictors for NAFLD, such as higher BMI, dyslipide-
mia, and ALT to AST ratio, but not with any HIV-specific
variable, including history of D drug use and cumulative years of
ART. The results highlight the importance of early recognition
and management of NAFLD and its traditional predictors, in
order to prevent further progression of NAFLD in Asian patients
with HIV-1 infection.

Acknowledgments

The authors thank Motoshi Maejima, a senior stafl at the Physiological
Examination Unit, Mikiko Ogata, and Michiyo Ishisaka for invaluable
contribution to the study. The authors also thank Akiko Nakano for
supporting this study as a research coordinator, and all the clinical staff at
the AIDS Clinical Center for their help in the completion of this study.

Author Contributions

Conceived and designed the experiments: TN TS HK. Performed the
experiments: TN YN MY. Analyzed the data: TN HG TS HK SO.
Contributed reagents/materials/analysis tools: YN NN YK MY SO.
Wrote the paper: TN HG TS HK SO.

13. (2008) Life expectancy of individuals on combination antiretroviral therapy in
high-income countries: a collaborative analysis of 14 cohort studies. The Lancet
372: 293-299.

14. Nishijima T, Komatsu H, Higasa K, Takano M, Tsuchiya K, et al. (2012) Single
nucleotide polymorphisms in ABCC2 associate with tenofovir-induced kidney
tubular dysfunction in Japanese patients with HIV-1 infection: a pharmacoge-
netic study. Clin Infect Dis 55: 1558-1567.

15. Tsukada K, Sugawara Y, Kancko ], Tamura S, Tachikawa N, et al. (2011)
Living donor liver transplantations in HIV- and hepatitis C virus-coinfected
hemophiliacs: experience in a single center. Transplantation 91: 1261~1264.

16. Hernaez R, Lazo M, Bonekamp S, Kamel I, Brancad FL, et al. (2011)
Diagnostic accuracy and reliability of ultrasonography for the detection of fatty
liver: a meta-analysis. Hepatology 54: 1082--1090.

17. Rumack CM, Wilson SR, Charboneau JW, Johnson JM (2005) Diagnostic
Ultrasound. Vol 1. 3rd ed. St Louis: Elsevier Moshy.

18. Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, et al. (2012) The
diagnosis and management of non-alcoholic fatty liver disease: practice guideline
by the American Gastroenterological Association, American Association for the
Study of Liver Discases, and American College of Gastroenterology.
Gastroenterology 142: 1592-1609.

19. Lemoine M, Serfaty L, Capeau ] (2012) From nonalcoholic fatty liver to
nonalcoholic steatohepatitis and cirrhosis in HIV-infected patients: diagnosis
and management. Curr Opin Infect Dis 25: 10-16.

20. Zeremski M, Talal AH (2006) Dideoxynucleoside analogues should be used
cautiously in patients with hepatic steatosis. Clin Infect Dis 43: 373-376.

21. Farrell GC, Larter CZ (2006) Nonalcoholic fatty liver disease: from steatosis to
cirrhosis. Hepatology 43: S99-S112.

22. Walker UA, Bauerle J, Laguno M, Murillas J, Mauss S, et al. (2004) Depletion of
mitochondrial DNA in liver under antiretroviral therapy with didanosine,
stavudine, or zalcitabine. Hepatology 39: 311-317.

23. Lewis W, Day BJ, Copeland WC (2003) Mitochondrial toxicity of NRTI
antiviral drugs: an integrated cellular perspective. Nat Rev Drug Discov 2: 812-
822.

24. Claessens YE, Cariou A, Monchi M, Soufir L, Azoulay E, et al. (2003) Detecting
life-threatening lactic acidosis related to nucleoside-analog treatment of human
immunodeficiency virus-infected patients, and treatment with L-carnitine. Crit
Care Med 31: 1042-1047.

25. Miller KD, Gameron M, Wood LV, Dalakas MC, Kovacs JA (2000) Lactic
acidosis and hepatic steatosis associated with use of stavudine: report of four
cases. Ann Intern Med 133: 192-196.

January 2014 | Volume 9 | Issue 1 | e87596



CLINICAL SCIENCE

Impact of HIV Infection on Colorectal Tumors: A Prospective
Colonoscopic Study of Asian Patients
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Background: Non-AIDS defining cancer has recently become
amajor problem in HIV-infected patients. Little has been reported on
whether HIV infection is a risk factor for colorectal adenoma,
especially in Asians.

Methods: The study was conducted under a prospective cross-
sectional design and included all adults who underwent colonoscopy.
Subjects were matched by age and sex to compare the prevalence of
colorectal adenoma, adenocarcinoma, polyps, and other tumors.
Detailed risk factors were assessed, including lifestyle habits,
medications, comorbidities, gastrointestinal symptom rating scale,
HIV-associated factors, and human papillomavirus infection. To
evaluate the effects of HIV infection on adenoma, the odds ratio
(OR) was estimated by multivariate logistic regression.

Results: A total of 177 HIV-infected patients and 177 controls were
selected for analysis. No significant difference was noted in the
prevalence of adenoma (n = 29 vs. 40, P = 0.14). Multivariate
analysis adjusted by baseline demographics and risk factors showed
that HIV is not associated with increased risk of adenoma (adjusted
OR = 0.66, P = 0.16). Kaposi’s sarcoma was more common in HIV-
infected patients (n = 6 vs. 0, P = 0.03). Among HIV-infected
patients, advanced age was an independent and significant risk factor
for adenoma (adjusted OR = 2.28, P < 0.01). CD4 count, HIV-
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RNA, history of antiretroviral treatment, and oncogenic human pap-
illomavirus infection were not risk factors for adenoma.

Conclusions: HIV infection was not identified as risk for adenoma
in Asian patients. However, advanced age was independently
associated with increased risk of adenoma. HIV-infected patients
should not miss screening opportunity for colorectal adenoma and
other gastrointestinal malignancies.

Key Words: colorectal cancer, colorectal adenoma, oncogenic HPV
infection, Japan, gastrointestinal malignancy

(J Acquir Immune Defic Syndr 2014;65:312-317)

INTRODUCTION

The introduction of highly active antiretroviral therapy
(HAART) has significantly improved the morbidity and
mortality of HIV-infected patients.> However, the incidence
of non-AIDS defining cancer has increased with prolongation
of life expectancy of HIV-infected patients.>™

Colorectal cancer is the third most commonly diag-
nosed cancer in male patients and the second in female
patients, and a major cause of death worldwide.” To prevent
the development of colorectal cancer and death, removal of
premalignant lesion, adenoma, is effective, and screening is
recommended in patients aged 50 years and older.>!! Recent
studies from western countries have suggested that higher
incidence of colonic adenoma in patients with HIV infection
compared with the general population.'>'* Furthermore,
HIV-infected patients are at high risk of oncogenic human
papillomavirus (HPV) infection, and the potential role of
HPV infection in the development of colorectal cancer has
been suggested.'>™” However, little is known about the risk
of adenoma in HIV-infected patients compared with the gen-
eral population.

In the past, the incidence of colorectal cancer was lower
in Asia compared with Western countries.'® However, the
incidence has increased lately in Asian countries, including
Japan, and is currently comparable with that in western coun-
tries.'®!? Nevertheless, all previous studies on colorectal ade-
noma in HIV-infected patients were only from the United
States, and there are no available data in Asia.'>”'* This study
reports the findings of a prospective cross-sectional colono-
scopic study that compared the prevalence of colorectal
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adenoma in HIV-infected patients with HIV-negative patients
in Japan.

METHODS

Study Design, Setting, and Participants

We conducted a prospective cross-sectional single-
center study in adults who underwent colonoscopy between
September 2009 and July 2012 at the endoscopy unit of the
National Center for Global Health and Medicine (NCGM).
NCGM has one of the largest clinics for patients with HIV
infection in Japan with more than 3500 registered patients as
of May 2013. The institutional review board at NCGM
approved this study. The study was conducted according to
the principles expressed in the Declaration of Helsinki.

The following inclusion criteria were used in this study:
(1) aged 18 years or older, (2) independent in activities of
daily living, (3) able to understand written documents and to
write, and (4) asymptomatic but desired screening for
colorectal cancer, or presented with continuous or intermittent
lower gastrointestinal (GI) symptoms. The following exclu-
sion criteria were used in this study: (1) contraindication or
patient refusal of total colonoscopy, (2) colonoscopy for
follow-up evaluation during the study period, and (3) pre-
vious diagnosis of either adenoma or adenocarcinoma. All
inclusion and exclusion criteria were fulfilled before patients
were enrolled in the study. Each HIV-infected patient was
matched with 1 HIV-negative patient based on age in 5-year
age-bands and sex.

Clinical Factors

A detailed questionnaire was completed at the endos-
copy unit on the same day of colonoscopy. Patients were
asked about their (1) lifestyle habits (smoking history and
alcohol consumption), (2) medications [nonsteroidal anti-
inflammatory drugs (NSAIDs) and low-dose aspirin], and (3)
comorbidities (hypertension, diabetes mellitus, and coronary
heart disease) in a face-to-face interview with the medical
staff. With regard to medication history, prescriptions and
medical records were reviewed in addition to information
provided by the patients to avoid omissions. The survey form
included photographs of all these oral drugs, which are
approved in Japan. Regular use of medication was defined as
oral administration starting at least 1 year before the
interview. The smoking index was evaluated among ever
and daily smokers and was defined as the number of
cigarettes per day multiplied by the number of smoking
years. Then, smoking index was categorized into nil, <400,
400-799, and >800. Alcohol consumption was calculated
and categorized into nondrinker, light (1-180 g/wk), moder-
ate (181-360 g/wk), and heavy drinker (>360 g/wk). To
evaluate lower GI symptoms, the GI symptom rating scale
rating on a 7-graded Likert scale was used.?**' The GI symp-
tom rating scale consists of 15 questions covering lower GI
symptoms: increased flatus, decreased passage of stools,
increased passage of stools, loose stools, hard stools, urgent
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need for defecation, and feeling of incomplete evacuation.
Positive symptoms were defined as score = 3.

For HIV-infected patients, CD4 cell count, HIV viral
load, history of HAART, and sexual behavior were also
obtained. CD4 cell counts within | week and HIV-RNA viral
load within 1 month were used in the analysis, and positive
result for real-time HIV-RNA was defined as =40 copies per
milliliter. Sexual behavior was defined as men who have sex
with men or heterosexuality. Furthermore, immediately fol-
lowing colonoscopy, rectal swabs (DNAPAP cervical sam-
pler; Qiagen, Gaithersburg, MD) were obtained. Rectal
samples were analyzed for HPV-DNA and genotyping by
means of polymerase chain reaction-invader assay as
described previously.”* HPV types 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, and 59 were defined as oncogenic HPV.?

Diagnosis of Colorectal Adenoma,
Adenocarcinoma, and Non-Neoplastic Polyps
After intestinal lavage with 2 L of solution containing
polyethylene glycol, colonoscopy was performed by experi-
enced gastroenterologists by using an electronic high-resolu-
tion video endoscope (model CFH260; Olympus Optical,
Tokyo, Japan). The location of all lesions was recorded in
electronic endoscopic database (Olympus Medical Systems;
Solemio Endo). All visualized lesions were biopsied and
histologically assessed by experienced pathologists.

Statistical Analysis

Baseline characteristics were compared using the
unpaired Student ¢ test or x> test (Fisher exact test) for quan-
titative or qualitative variables, respectively. To estimate the
effect of HIV infection on adenoma, multivariate logistic
regression analysis was performed adjusted for age, sex,
and possible risk factors for adenoma (these included smok-
ing and alcohol consumption, diabetes mellitus, coronary
artery diseases, and NSAIDs and aspirin use). In addition,
we conducted uni- and multivariate logistic regression anal-
ysis in HIV-infected patients to elucidate the impact of other
factors on adenoma related to HIV-infected patients (CD4
count, HIV-RNA, history of HAART, sexual behavior, and
oncogenic HPV infection).

Statistical significance was defined at 2-sided P values
< 0.05. We estimated the odds ratios (ORs) and 95% confi-
dence intervals (Cls). All statistical analyses were performed
using the Statistical Package for Social Sciences version 17.0
(SPSS, Chicago, IL).

RESULTS

Participants

A total of 177 HIV-infected patients and 177-HIV-
negative controls were selected for analysis after the applica-
tion of the aforementioned exclusion criteria and age matching
(Fig. 1). The baseline characteristics are listed in Table 1. The
study subjects were mostly men, Asians, and comparatively
young. HIV-infected patients were more likely to be smokers
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Patients who underwent colonoscopy
and participated in medical interview
n=2309

Excluded
- Patients without total colonoscopy
(n=91)

- Follow up endoscopy (n=330)
- Patients with history of either adenoma
or adenocarcinoma (n=274)

Patients before matching
n=1614

Patients without HIV infection
n=1437

Unmatched patients
n=1,260

FIGURE 1. Flow diagram of patient | ©2ems W;TS'?V'i"feCﬁO”

selection.

Matched control
n=177

and on treatment with NSAIDs. In contrast, aspirin was mostly
used by the control subjects. All other major background pa-
rameters were similar in the 2 groups. With regard to the
clinical symptoms, there was no difference in GI symptom
scores other than increased passage of stools but there was
no difference in the proportion of asymptomatic patients
between the 2 groups. In patients with HIV infection, the
median CD4 count was 371/uL (interquartile range, 121-—
579), 29.4% of the patients were treatment naive, 75.4% had
HPYV infection, and 71.5% were infected with oncogenic HPV.
The most frequently identified HPV types were type 16 (41%),
followed by type 58 (35%), 59 (33%), 52 (27%), 31 (25%)), 33
(25%), 51 (19%), 18 (18%), 35 (14%), 39 (13%), 56 (11%),
and type 45 (7%).

Prevalence of Colorectal Adenoma,
Adenocarcinoma, Non-Neoplastic Polyps, and
Other Tumors

Adenomas were identified in 29 (16.4%) patients with
HIV infection and in 40 (22.6%) control subjects, and the
incidence was not significantly different between the 2 groups
(Table 2). Classification of the adenoma according to size
(<5, 5-9, and =10 mm) showed that HIV-negative subjects
tended to have mainly adenomas measuring <5 mm (P =
0.08) although this difference did not reach statistical signif-
icance. The incidences of adenocarcinoma and hyperplastic
polyps were higher in patients without HIV infection,
although the differences in the rates were not statistically
significant (P > 0.05). In contrast, Kaposi’s sarcoma was
diagnosed only in HIV-infected patients ( = 0.03).

Uni- and multivariate analyses showed that HIV
infection did not correlate with higher prevalence of adenoma
(Table 3, adjusted OR = 0.66; 95% CI: 0.37 to 1.18; P =
0.16). Multivariate analysis identified age as an independent
and significant factor associated with increased risk of
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adenoma (adjusted OR = 1.72; 95% CI: 1.29 to 2.29; P <
0.01). All other factors did not correlate with adenoma by
multivariate analysis.

Factors Associated With Colorectal Adenoma
in Patients With HIV Infection

Age was an independent factor associated with increased
risk of adenoma by uni- and multivariate analysis (adjusted
OR = 2.28; 95% CI: 1.37 to 3.80; P < 0.01; Table 4). High
CD4 count, low HIV-RNA, and history of HAART were asso-
ciated with prevalence of adenoma by univariate analysis,
although these factors were not significant on multivariate
analysis. Oncogenic HPV infection was not associated
with adenoma.

DISCUSSION

This study demonstrated that HIV infection was not an
independent risk for colorectal adenoma after adjustment for
variables known to be related to adenoma. In HIV-infected
patients, only age was associated with increased risk of
colorectal adenoma, whereas CD4 count, HIV-RNA, and
HPV infection were not associated with adenoma by
multivariate analysis. To our knowledge, this is the first
study that compared the prevalence of colorectal adenoma
between patients with and without HIV infection in Asia.

Previous reports suggested possible relation between
HIV infection and increased risk of colorectal adenoma.'*™"*
Bini et al'? investigated the prevalence of adenoma in 2382
patients (165 HIV-infected patients and 2217 controls) who
underwent screening sigmoidoscopy. Their study identified
a high incidence of adenoma in HIV-infected patients and
that the risk of such lesion was higher in patients with low
CD4 count and long-term HIV infection. The same group also
conducted a prospective study of 408 patients who underwent
total colonoscopy in the United States.'> They included only

© 2013 Lippincott Williams & Wilkins
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TABLE 1. Clinical Characteristics of Patients With and Without
HIV Infection

TABLE 2. Prevalence of Colorectal Adenoma,
Adenocarcinoma, Non-Neoplastic Polyps, and Other Tumors

HIV-Positive  HIV-Negative HIV-Positive HIV-Negative
Patients Patients Patients Patients
(n=177) (m=177) P (n=177) (n=177) P
Age, yr IQR) 42 (37-50) 42 (37-50)  0.99 Any adenoma 29 (16.4%) 40 (22.6%) 0.14
Male gender (%) 167 (94.4) 167 (94.4) 1.00 Adenoma, <5 mm 21 (11.9%) 33 (18.6%) 0.08
Asian (%) 171 (96.6) 176 (99.4) 0.12 Adenoma, 5-9 mm 12 (6.8%) 10 (5.6%) 0.66
Cigarette smoking (%) Adenoma, =10 mm 0 4 (2.3%) 0.12
Never smoker 58 (32.8) 78 (44.1) Adenocarcinoma 0 5(2.8%) 0.06
Smoking index Hyperplastic polyp 17 (9.6%) 28 (15.8%) 0.08
<400 89 (50.3) 60 (33.9) Other tumors 6 (33.9%) 3 (17.0%) 0.502
400-799 22 (12.4) 25 (14.1) Kaposi’s sarcoma 6 (33.9%) 0 0.03*
>800 8 (4.5) 14 (7.9) 0.02% Malignant lymphoma 0 0 1.00
Alcohol consumption (%) Carcinoid tumor 0 1 (0.6%) 1.000
Nondrinker 77 (43.5) 59 (33.3) Lipoma 0 2 (1.1%) 0.499
Light drinker 82 (46.3) 86 (48.6) P < 0.05.
Moderate drinker 13 (7.9) 24 (13.6)
Heavy drinker 5(2.8) 8 (4.5) 0.09
Current NSAIDs use (%)7 27 (15.3) 13 (7.3) 0.02*
C?Hent Aspirin use () 37 11(62) 0.03% significant difference in the prevalence of adenoma between
Diabetes mellitus (%) 9(5.1) 17 (9.6) 0.10 i P s
X the 2 groups. Similarly, our study showed similar preva-
Coronary vascular disease (%) 6 (3.4) 5(2.8) 0.76

Asymptomatic, % 33.5% 36.6% 0.55
GI symptoms score

Increased flatus (SD) 1.9 (1.1) 2.0 (1.4) 0.80
Decreased passage of 1.8 (1.3) 1.8 (1.3) 0.76
stools (SD)
Increased passage of 2.7 (2.0) 2.2 (1.6) 0.03*
stools (SD)
Loose stools (SD) 2.4 (1.6) 2.1 (1.4) 0.13
Hard stools (SD) 1.7(1.2) 1.6 (1.0) 0.84
Urgent need for 23 (1.7 2.1 (1.6) 0.14
defecation (SD)
Feeling of incomplete 2.2 (1.3) 2.2 (1.4) 0.61
evacuation (SD)
CD4 count (IQR) 371 (121-579) NA NA
HIV-RNA log;o/mL (IQR) 1.6 (1.6-3.8) NA NA
Treatment naive (%) 52 (29.4) NA NA
MSM (%) 135 (76.3) NA NA
HPV infection (%) 98/130 (75.4) NA NA
Oncogenic HPV (%) 93/130 (71.5) NA NA

#*P < 0.05.

TNone of the patients was on selective cox-2 inhibitor.

{There were 1 missing data in HIV-positive group and 2 in HIV-negative group,
thus comparisons were made between 59/176 (33.5%) of HIV-positive and 64/175
(36.6%) of HIV-negative patients.

IQR, interquartile range; SD, standard deviation; MSM, men who have sex with
men; NA, not applicable.

asymptomatic patients aged 50 years or older and found a high
rate of colonic neoplasm, including adenoma, in HIV-infected
patients. They also reported that patients with HIV infection
who were not on treatment with HAART and those with
a positive family history of colorectal cancer were at higher
risk for colonic neoplasm. In contrast, the study of Kothari
et al," which included 130 HIV-infected patients and 779
controls who underwent screening colonoscopy, did not find

© 2013 Lippincott Williams & Wilkins
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lence of adenoma in patients with and without HIV infec-
tion. These differences may be explained by differences in
sample size, populations, and different inclusion criteria.
The abovementioned previous studies included only asymp-
tomatic patients whereas this study included many patients
with GI symptoms. Taken together, these results suggest
lack of consensus on this issue. Thus, it is still unclear
whether HIV infection is truly associated with increased risk
of colorectal adenoma. Bini et al'? suggested that the low
immune status associated with HIV infection may enhance
the development of adenoma; however, CD4 count did not
correlate with adenoma in our study. Furthermore, HIV
itself is also suggested to play a role in oncogenesis.** There
is limited information on this issue, and further studies are
needed to clarify the association between HIV infection and
colorectal adenoma.

In this study, advanced age correlated with increased
risk of adenoma in HIV-infected patients. Excision of
adenoma prevents colon cancer and screening colonoscopy
is recommended for individuals aged 50 years or older.®'%!!
However, it has been suggested that colorectal cancer screen-
ing is underused in HIV-infected patients.”® In addition,
patients with HIV infection are at higher risk for other GI
malignancies such as Kaposi’s sarcoma, anal cancer, and GI
lymphoma than general population,?*=* and these patients are
sometimes asymptomatic.”*>' Therefore, we believe that
screening colonoscopy is important in HIV-infected patients,
especially those aged 50 years or older.

The association between HPV infection and colorectal
cancer is controversial.*®> Although 2 recent studies argued
against such association, a recent meta-analysis study demon-
strated increased risk of colorectal cancer with HPV infec-
tion.!”**** Because previous reports suggested increased
prevalence of colorectal adenoma in HIV-infected patients,
in whom the prevalence of HPV infection is known to be
higher than that in the general population,' we hypothesized
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TABLE 3. Uni- and Multivariate Analysis to Estimate the Risk for Adenoma

Unadjusted OR (95% CI) P Adjusted OR (95%CI) P
HIV infection 0.67 (0.39 to 1.14) 0.14 0.66 (0.37 to 1.18) 0.16
Age per 10 yrs 1.96 (1.53 to 2.53) <0.01* 1.72 (1.29 to 2.29) <0.01%*
Male gender 0.71 (0.25 to 2.03) 0.52 0.92 (0.28 to 3.05) 0.89
Smoking 1.60 (1.19 to 2.13) <0.01* 1.35 (0.98 to 1.86) 0.06
Alcohol consumption 0.89 (0.63 to 1.26) 0.51 0.83 (0.56 to 1.22) 0.34
Current NSAIDs use 0.70 (0.28 to 1.75) 0.45 0.94 (0.35 to 2.53) 091
Current aspirin use 448 (1.52 to 13.3) <0.01* 11.8 (0.52 to 6.44) 0.35
Diabetes mellitus 2.37 (1.00 to 5.56) 0.05 1.39 (0.54 to 3.60) 0.49
Coronary heart disease 3.63 (1.08 to 12.3) 0.04 1.30 (0.30 to 5.54) 0.72

*P < 0.05.

that oncogenic HPV infection may be a risk factor for ade-
noma in patients with HIV. However, our results did not find
such association.

Fecal occult blood test is a useful screening tool for
the detection of colorectal cancers.'® However, fecal blood
test is also positive in various GI diseases such as asymp-
tomatic colitis and Kaposi’s sarcoma.’>*® Thus, the diag-
nostic accuracy of fecal occult blood test may be less than
ideal in HIV-infected patients and accordingly was not
used in all subjects in this study. Instead, we assessed
the clinical symptoms because we hypothesized that
differences in GI symptoms might affect the prevalence
of colorectal adenoma. Nevertheless, the proportion of
asymptomatic patients was not different between the
2 groups.

Important strengths of this study includes its pro-
spective study design, detailed assessment of GI symptoms
and other GI tumors, first study in Asia, and conducting
total colonoscopy in all subjects. However, there are several
limitations to our study. First, because our study population
was younger than those in previous studies, the prevalence
might have been underestimated compared with other
studies. It is well known that the risk of colorectal cancer
increases with age.’” Thus, the young age of our study
subjects and the small sample size of our study could have
masked any association between HIV infection and colorec-
tal adenoma. Similar to the study by Bini et al,'”®* which

examined the relation between HIV infection and colorectal
adenoma, larger studies on patients aged 50 years or older
will be needed in Asia. Second, because we included both
symptomatic and asymptomatic patients who underwent
diagnostic colonoscopy, a selection bias could not be ruled
out in our study. As a result, it is possible that the control
group could have included patients suspected to have colon
cancer, whereas HIV-infected patients tended to include
those who were referred for colonoscopy based on the sus-
picion of opportunistic infections, which might have led to
the higher prevalence of adenoma in the control group.
However, the background characteristics and proportion
of asymptomatic patients were similar between the 2
groups. Third, although we collected detailed information
on risk factors of adenoma, we could not collect data on
factors such as obesity and family history of colon cancer as
reported previously,*®*” and these might have influenced
the results.

In conclusion, the incidence of adenoma was not
significantly different between patients with and without
HIV infection. However, it should be noted that 16.4%
HIV-infected patients had adenoma and its risk increased with
age. As the issue of aging in patients with HIV infection is
growing, the results of this study carry certain significance.
Thus, HIV-infected patients should not miss screening
opportunities for colorectal adenoma and other HIV-related
malignancies.

TABLE 4. Uni- and Multivariate Analyses to Estimate the Risk for Adenoma in HIV-Infected Patients

Unadjusted OR (95% CI) P Adjusted OR (95% CI) P
Age 2.49 (1.66 to 3.79) <0.01* 2.28 (1.37 to 3.80) <0.01*
CD4 count per 10/uL 1.02 (1.00 to 1.03) 0.02* 1.01 (0.99 to 1.03) 0.54
HIV-RNA logl10/mL 0.40 (0.21 to 0.76) <0.01* 0.50 (0.18 to 1.37) 0.18
Treatment naive 0.15 (0.03 to 0.64) 0.01%* 1.31 (0.12 to 14.49) 0.83
MSM 0.52 (0.22 to 1.24) 0.14 0.66 (0.19 to 2.26) 0.51
Oncogenic HPV 0.25 (0.10 to 0.65) <0.01* 0.50 (0.17 to 1.47) 0.21

*P < 0.05.
MSM, men who have sex with men.
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DNA methylation profiling can classify
HlV-associated lymphomas
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Junko Tanuma?, Shinichi Oka®, Yukihito Ishizaka?,
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Background: HIV-positive patients have a 60-fold to 200-fold increased incidence of
non-Hodgkin lymphomas, including Burkitt lymphoma, diffuse large B-cell lymphoma,
and primary central nervous system lymphoma. HIV-associated lymphomas frequently
have features such as extranodal involvement, decreased responses to standard
chemotherapy, and high relapse rates, which indicate a poor prognosis. General
pathological features do not clearly differentiate HIV-associated lymphomas from
non-HIV lymphomas.

Methods: To investigate the features of HIV-associated lymphomas, we performed
genome-wide DNA methylation profiling of HIV and non-HIV lymphomas using
Hllumina GoldenGate Methylation Cancer Panel | and Illumina Infinium Human-
Methylation450 BeadChip microarrays. DNA methylation profiles in HIV-associated
and non-HIV lymphomas were characterized using unsupervised hierarchical cluster-
ing analyses.

Results: The analyses of promoter regions revealed unique DNA methylation profiles in
HIV-associated lymphomas, suggesting profile differences compared with non-HIV
lymphomas, which implies specific gene regulation in HIV-associated lymphoma
involving DNA methylation. Based on HumanMethylation450 BeadChip data, 2541
target sites were selected as differing significantly in comparisons between HIV-
associated and non-HIV-associated lymphomas using Wilcoxon’s rank-sum test
(P <0.05) and AB values more than 0.30. Recurrent cases of HIV-associated lymphoma
had different profiles compared with nonrecurrent HIV lymphomas.

Conclusion: DNA methylation profiling indicated that 2541 target sites differed
significantly in HIV-associated lymphoma, which may partly explain the poor prog-
nosis. Our data indicate that the methylation profiles of target genes have potential
in elucidating HIV-associated lymphomagenesis and can serve as new prognostic
markers. © 2074 Wolters Kluwer Health | Lippincott Williams & Wilkins
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Introduction

The incidence of non-Hodgkin’s lymphoma is 60-fold to
200-fold higher in patients with HIV infection [1,2].
Most HIV-associated lymphomas are high-grade B-cell
lymphomas such as diffuse large B-cell lymphoma,
Burkitt lymphoma, and primary central nervous system
lymphoma. The clinical course is often aggressive, with a
poor prognosis [2]. Since the introduction of highly active
antiretroviral therapy, the risk for opportunistic infections
and the incidence of AIDS-defining malignancies,
including HIV-associated lymphomas, have declined,
and prognoses have improved. Nevertheless, lymphomas
remain a major cause of death for HIV-infected patients
[3]. It is important to identify differences between HIV-
associated lymphomas and non-HIV lymphomas, as their
clinical and general pathological features do not clearly
distinguish them [2]. Recent studies have revealed
that the DNA methylation patterns can differentiate
among disease subtypes, suggesting that epigenetic DINA
alterations are related to carcinogenesis [4,5]. Epigenetic
silencing of functionally important genes may contribute
to the development of lymphomas [5,6], and promoter
hypermethylation of CpG islands (CGIs) in some genes
has been reported in aggressive-phenotype lymphoma
with a poor prognosis [7]. In this study, we examined
DNA methylation of CGIs in a promoter region clustered
with HIV-associated lymphomas and non-HIV lympho-
mas, and investigated the prognostic significance of DINA
methylation. Our findings contribute to an under-
standing of the lymphomagenesis of HIV-associated
lymphomas and suggest specific DINA methylation as a
useful prognostic biomarker.

Methods

Patients

HIV-associated lymphoma is a pathologically diagnosed
malignant lymphoma in HIV patients. Two cohorts were
studied. Cohort I consisted of 11 HIV-associated and
18 non-HIV lymphoma patients who visited Tokyo
Metropolitan Cancer and Infectious Diseases Center,
Komagome Hospital (CICK), and two non-HIV
lymphoma patients who visited the National Center
for Global Health and Medicine Hospital (NCGM).
Cohort I included nine HIV-associated and 12 non-HIV
lymphoma patients who visited NCGM. Formalin-fixed,
paraffin-embedded tissues and fresh-frozen tissues were
collected from NCGM and CICK, following approval by
the ethics committees of both hospitals and in accordance
with the Declaration of Helsinki. All patients gave written
informed consent for their tissue to be used and for
review of their clinical records. Diagnosis was made
using the 2008 WHO classification [2]. Hematologists
reviewed the tumor specimens and classified them
histologically as diffuse large B-cell lymphoma, Burkitt
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lymphoma, primary central nervous system lymphoma,
follicular lymphoma, or Hodgkin’s lymphoma. Non-HIV
lymphoma samples were randomly selected from among
the Burkitt lymphomas, diffuse large B-cell lymphomas,
follicular lymphoma, and Hodgkins lymphoma.
Epstein—Barr virus (EBV) status was determined by
Epstein—Barr encoded RNA (EBER) in situ hybridiz-
ation and Southern blotting. BCL2 expression was
examined by immunostaining.

HumanMethylation450 microarray analysis
Cohort I was analyzed using an Infinium Human-
Methylation450 BeadChip microarray [8], which
covered 485577 methylation sites. Genomic DINA was
isolated using a DNeasy mini kit (QIAGEN, Valencia,
California, USA) according to the manufacturer’s
protocol. After 1 g of DNA was ligated at 24°C for
30min, the reaction was stopped by 5min at 95°C
(REPLI-g FFPE kit; QIAGEN) [9]. The DNA was
subjected to genome-wide DNA methylation profiling
using an Infinium HumanMethylation450 BeadChip
(Mlumina, San Diego, California, USA) [8], according to
the manufacturer’s instructions. The methylation status
of specific cytosines is indicated by the B value, with
1 indicating complete methylation and 0 indicating no
methylation. We first filtered the probes and samples
using the Bioconductor IMA package to load files
created by Illumina GenomeStudio software, using the
IMA.methy450R  function. With this package, we
performed filtering steps using the IMA.methy450PP
function. The inclusion criteria were as follows: sample
call rate, more than 99.5%; detection P value, <0.05; site
call rate, more than 90%; probes with no SNPs based on
snpsite.txt provided in the IMA package [10]; and probes
outside the XY chromosomes. We converted the initial
file created by Illumina GenomeStudio to a new file to
reflect the filtering results. The data were normalized by
entering the filtered data into the Bioconductor lumi
package [11]. Using the lumi package, methylation data
were first analyzed by the color balance check and then
scaled based on the mean of all probes, using methylation
simple scaling normalization (SSN) implemented in the
lumi package. The Infinium array methylation data are
available in the Gene Expression Omnibus database under
the accession number GSE42372.

Cancer Panel | microarray analysis

Cohort II was analyzed using the Hlumina GoldenGate
Methylation Cancer Panel I microarray, a cancer-focused
methylation analysis covering 1505 CpG loci from 807
genes (Illumina) [12]. Genomic DNA was isolated
(Agencourt FormaPure kit; Beckman Coulter, Brea,
California, USA), subjected to sodium bisulfite conver-
sion, labeled with fluorescent dyes, and hybridized to the
microarrays according to the manufacturer’s protocol.
The methylation status of specific cytosines was indicated
by the B wvalue (1, complete methylation; 0, no
methylation). Only probes with detection P value at
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<0.01 were used for the analyses. The X chromosome
loci were removed from the analysis, leaving 1421 CpG
loci. Raw average 8 values were not normalized and were
used for analyses as per the manufacturer’s recommen-
dations. The GoldenGate array methylation data are
available in the Gene Expression Omnibus database under
the accession number GSE42626.

For the statistical analysis, enrichment analysis of target
genes, validation by combined bisulfite restriction analysis
(COBRA), and bisulfite DNA sequences, see the
Supplementary Methods, http://links.lww.com/QAD/
A441.

Results

To identify differences between HIV-associated and non-
HIV lymphomas, genome-wide DINA methylation array
analyses were performed using Infinium HumanMethy-
lation450 BeadChip technology. DNA from formalin-
fixed and paraffin-embedded or fresh-frozen lymphoma
tissues collected from the 11 HIV-positive and 20 HIV-
negative Asian patients in Cohort I was analyzed (Table
1). DNA methylation throughout the genome was
examined using probes targeting six gene regions
(Fig. la): within 1500bps of a transcription start site
(TSS1500), within 200 bps of a transcription start site
(TSS200), and the 5" untranslated region (5'UTR), first
exon (IstExon), body, and 3’ untranslated region
(3UTR) and intergenic regions. Three HIV-negative
lymphomas were excluded from the analyses in the
filtering steps (see Methods for details). The differences in
methylation status between HIV-associated and non-HIV
lymphomas were significantly greater for CGIs in the

Table 1. Patient characteristics of lymphoma samples for Human
Methylation450 (450K) microarray analysis in Cohort 1.

P value (HIV vs.

ltems examined HIV Non-HIV non-HIV)

Sex Female 0 10

Male 11 10 0.0049*
Age Mean 45.27 64.35

SD 16.92 10.60 0.018*
Histology BL 2 3

DLBCL 8 17

HD 1 0 0.57
Stage P&l 3 5

& 1v 8 12

ND 0 3 0.63
EBV + 3 7

— 8 9

ND 0 4 0.22

The statistical significance of differences in the categorical variables
was calculated by Fisher’s exact test or Wilcoxon’s rank-sum test. BL,
Burkitt lymphoma; DLBCL, diffuse large B-cell lymphoma; EBV,
Epstein—Barr virus; HD, Hodgkin’s disease; ND, not determined;
SD, standard deviation.

*P<0.05

various target regions, compared with non-CGI meth-
ylation (Supplementary Fig. 1, http://linksIww.com/
QAD/A441). Hierarchical clustering analysis of CGI
methylation markers of TSS1500, TSS200, 5’UTR, and
IstExon (Fig. 1b) produced roughly two groups that
distinguished HIV-associated lymphomas from non-HIV
lymphomas (Groups 1 and 2; Fig. 1b, upper left), with a
few exceptions. By contrast, the analysis of non-CGI
methylation and CGI methylation in the body and
3’UTR and intergenic gene targets did not give clear
groupings (Fig. 1b, upper right and lower images,
Supplementary Fig. 2, http://links.Iww.com/QAD/
A441). As all HIV patients in this study were men (Table
1), we next analyzed male patients only. The CGI results
for TSS1500, TSS200, 5UTR, and 1stExon again
clustered into two groups (Supplementary Fig. 3, http://
links.Iww.com/QAD/A441), suggesting that gender does
not affect the results. Generally, patients with HIV-
associated lymphomas were younger than patients with
non-HIV lymphomas (Table 1) [13]. When we excluded
age-related target sites, as previously suggested [14], the
analysis of CGI methylation in TSS1500, TSS200,
5'UTR, and 1stExon again produced two groups that
distinguished between HIV-associated and non-HIV
lymphomas (Supplementary Fig. 4, http://linksIww.
com/QAD/A441). These results suggest that DNA
methylation of CGIs in promoter regions (TSS1500,
TSS200, 5UTR, and 1stExon) probably distinguishes
HIV-associated from non-HIV lymphomas. Among the
targets measured, those with a significant absolute
difference between HIV-associated and non-HIV lym-
phomas were used for further analyses (Supplementary
Methods, http://links.lww.com/QAD/A441). Com-
pared with non-HIV lymphoma DNA, HIV-associated
lymphoma DNA tended to be hypomethylated (Fig. 1¢).
Representative genes were used to validate the array
analyses. Using COBRA, three of the five non-HIV
lymphomas cases were methylated as positive controls,
whereas none of the HIV-associated lymphomas was
detected as methylated at either RARRES! or FGF5
(Fig. 1d, upper). Bisulfite DNA sequencing gave consistent
results (Fig. 1d, lower), confirming this tendency toward
hypomethylation in Group 1 (Fig. 1d). These findings
encouraged us to examine previously analyzed cases in
Cohort II.

Data from nine HIV-associated lymphoma samples
derived from the first visit of Cohort II, which had
been previously analyzed using Illumina GoldenGate
Methylation Cancer Panel I (see Methods), were used for
hierarchical clustering analyses. The results showed two
apparent methylation profiles for HIV-associated lym-
phomas (Groups 3 and 4, Fig. 2a). The genes with a
significant absolute difference between two clusters were
used for further analyses (Supplementary Method, http://
links.lww.com/QAD/A441). Group 3 tended to be
hypermethylated compared with Group 4 (Fig. 2b).
COBRA indicated that all of the Group 3 cases were
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Fig. 1. Methylation profile analysis of HIV-associated and non-HIV lymphoma DNA in Cohort I, using Infinium HumanMethyla-
tion450 BeadChip technology. (2) Schematic of the gene regions examined for methylation. (b) Hierarchical clustering analysis of
CpG island (CGI) and non-CGl methylation of lymphoma DNA in Cohort I. The analysis of CGI methylation in the promoter regions
(TSS1500, TSS200, 5’UTR, and 1stExon) produced two groups that distinguished between HIV-associated lymphomas (Group 1, Gr.
1) and non-HIV lymphomas (Group 2, Gr. 2). TSS, transcription start site; AU p value, approximately unbiased P value computed
using multiscale bootstrap resampling. () Numbers of hypermethylation or hypomethylation targets in HIV-associated lymphomas
compared with non-HIV-lymphomas. (d) Validation by combined bisulfite restriction analysis (COBRA) and bisulfite DNA
sequences. Retinoic acid receptor responder 1 (RARREST) and fibroblast growth factor 5 (FGF5) are representative targets in
the array analysis. Me, methylated allele or methylated control; UMe, unmethylated allele or unmethylated control; open circle,
unmethylated CpG site; solid circle, methylated CpG site; HIV, HIV-associated lymphoma; non-HIV, non-HIV lymphoma.
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methylated, whereas fewer in Group 4 were methylated
among those tested (Fig. 2c, upper). Bisulfite DNA
sequencing clearly showed that Group 3 was highly
methylated (Fig. 2¢, lower), confirming the tendency
toward hypermethylation in Group 3. Two cases in
Group 3 subsequently showed recurrence, representing a
significant patient characteristic (P=0.083), if 0.1 was
considered a significant level (Table 2). In another case in
Group 3, a tumor mass appeared in the cervical spinal
cord about 17 months later, although recurrence was not
confirmed pathologically. Notably, the methylation
profile of nonrecurrent HIV-associated lymphomas
(Group 4) did not differ significantly from that of non-
HIV lymphomas (non-Group 3, Supplementary Fig. 5
and Supplementary Table 1, http://links.Iww.com/
QAD/A441). These data suggest that recurrent HIV-
associated lymphomas have a specific methylation profile.

Discussion

The prognosis of HIV-associated lymphoma has
improved with the development of HIV and cancer
therapies [15]. Nevertheless, it is important to identify the
mechanism responsible for the aggressiveness of HIV-
associated lymphomas. Our data suggest that the DNA
methylation profile is a molecular indicator of prognosis.

In the methylation analyses, we examined nine or 11
HIV-associated lymphomas. This number was relatively
small because of the small HIV-positive population in
Japan [13]. Even so, our data clearly suggest that DNA

methylation profiles, especially CGI methylation in
promoter regions, differ between HIV-associated and
non-HIV lymphomas. As the tumor location varies in
HiIV-associated lymphoma [2], it is essential to know
whether tumor location influenced our analyses. Lymph
nodes were the most frequent tumor location and were
broadly similar in Groups 1 and 2 (P=0.45; Supple-
mentary Fig. 6a, http://links.lww.com/QAD/A441),
although Group 1 had more extra-node variation,
probably due to the high proportion of HIV-associated
lymphoma. It is noteworthy that Group 1 had narrower
correlation distances than Group 2, indicating that the
DNA methylation profiles in Group 1 were quite similar,
although Group 1 included various tumor locations
(Supplementary Fig. 6b, http://links.lww.com/QAD/
A441). Additionally, the lymph node cases in Group 1
were very dissimilar from the lymph node cases in Group
2. The data suggested that the clustered results were not
due to tumor location. The differences between the
profiles may not be related to antiretroviral therapy either,
as only two HIV-positive lymphomas in Cohort I were
treated with antiretroviral therapy. Coinfections such as
EBV with HIV may influence DNA methylation profiles,
but we found no significant difference between HIV-
associated and non-HIV lymphomas in terms of EBV
infection status in our study. However, we cannot exclude
the influence of HIV infection on methylation profiles.
One of our validation genes, RARRESI, is a cancer
methylation target [16] that is differentially expressed in
various tumors [17,18], although its clinical relevance to
lymphomas remains unknown. FGF5 is reported to be a
bone metastasis-related gene related to angiogenesis [19].
As angiogenic growth factors have been implicated in a

Table 2. Patient characteristics of lymphoma samples in Cohort II for Cancer Panel I.

HIV-associated lymphomas

ltems examined

P value (Group 3 vs. Group 4)

Group 3 Group 4

Sex Female 1 0

Male 2 6 0.33
Age Mean 36.66 35.00

SD 5.77 13.78 1.00
Histology BL 2 3

DLBCL 1 1

HD 0 2 1.00
Bcl-2 + 0 1

- 3 5 1.00
Stage 1 &1l 0 2

& IV 3 4 0.50
EBV + 1 4

- 2 2 0.52
Recurrence + 2 0

— 1? 6 0.083
IPI score® Oor1 0 1

2o0r3 1 1

4o0r5 2 2 1.00

The statistical significance of differences in the categorical variables was calculated by Fisher’s exact test or Wilcoxon’s rank-sum test. BL, Burkitt
lymphoma; DLBCL, diffuse large B-cell lymphoma; EBV, Epstein-Barr virus; HD, Hodgkin’s disease.

A tumor mass appeared in the cervical spinal cord about 17 months later, although recurrence was not confirmed pathologically.

bIPI, International Prognostic Index for non-HD [stage, lactate dehydrogenase (LDH), performance status, agel. SD, standard deviation.
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poor prognosis in non-Hodgkin lymphomas [20],
hypomethylated FGF5 may similarly influence the
prognosis in HIV-associated lymphomas. Note that
several significant pathways related to cell adhesion were
found (Supplementary Table 2, http://links.lww.com/
QAD/A441). Of these, those involving laminins,
collagens, N-cadherin, and caveolin2 were significantly
hypomethylated in HIV-associated lymphomas, suggest-
ing that their increased expression initiates and promotes
tumors and results in a poor prognosis [21-23]. These
data partly support the poor prognosis seen in HIV-
associated lymphomas.

Clustering analysis of the Cohort IT data obtained using
Cancer Panel I placed recurrent or suspicious and
nonrecurrent HIV-associated lymphomas into separate
groups, suggesting that recurrence of HIV-associated
lymphomas is attributable to specific gene regulation
involving DNA methylation. PTCH2, which was used
for validation, was a significant component of the
Hedgehog signaling pathway (Supplementary Table 3,
http://links.lww.com/QAD/A441), which is related to
relapse rate in carcinomas [24]. The data imply that the
DNA methylation profile is a good indicator of prognosis.
Recently, specific methylation targets have been reported
as candidates for new biomarkers of prognosis or
metastasis [25,26]. Careful determinations in more cases
will identify biomarkers for recurrence in HIV-associated
lymphomas.

To our knowledge, this is the first report using molecular
technology to distinguish HIV-associated lymphomas
from non-HIV lymphomas. Our findings contribute to
the understanding of HIV-associated lymphomagenesis
and suggest new prognostic biomarkers.
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Introduction

The most immunogenic HIV-1 molecules for the elicitation of
an antibody (Ab) response appear to be envelope (env) glycopro-
teins, and high titers of anti-gp120 and anti-gp41 Abs are observed
in HIV-l-infected patients (HIV-1" Pts) [1-3]. However, it is
apparent that the neutralizing Ab response in infected patients is
weak compared with non-neutralizing HIV Abs [4]. Therefore,
non-neutralizing Abs are dominant in the circulation of HIV-1*
Pts. Nevertheless, the role of non-neutralizing anti-env Abs in
HIV-1 infection remains unclear. More than 95% of the body’s
CD4" T cells reside in lymphoid tissues, which are the major sites
for HIV-1 replication, CD4" T cell depletion [5}, and develop-
ment of anti-env Ab-secreting B cells [3,6]. CD4" T cells
continuously travel between the blood, the lymphatic system,
and lymph nodes (LNs) and re-circulate into the blood over a
period of approximately 1 d [7-9]; therefore, most peripheral
blood CD4* T cells are recent emigrants from the LNs. Because a
large proportion of HIV-1 is produced in the LNs (10'°-10'"
virions/d) [7,10-14], it is assumed that target CD4" T cells in LNs
are continuously exposed to high concentrations of HIV-1 as well
as anti-env Abs. In the presence of HIV-17 Pt serum, gp120 forms
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surface immune complexes (sICs) on HIV-l-infected cells or
uninfected cells coated with gp120 in witro [15]. Natural killer (NK)
cells have been shown to be able to eliminate gpl20/HIV-1-
coated or HIV-infected target cells by Ab-dependent cell-mediated
cytotoxicity (ADCC) [1,15-20]. However, compared with the
distribution in non-lymphoid organs, a relatively small number of
NK cells are present in the LNs [21]; therefore, the organs where
sICs appear to form on target cells and the effector cells that can
eliminate sIC* cells seem to be segregated i wivo.

For practical reasons, the dynamics of viral receptors (VRs) and
cell-bound gpl120/HIV-1 have been extensively studied in both
lymphoma and VR-transfected cancer cells. The cell-surface
CXCR4 receptors on lymphoma [22,23] and Hela cells [22-24]
are rapidly internalized, and approximately 100% of the cell-
surface CXCR4 pools are exchanged every 5 h (in lymphoma cell
lines) and 40 min (in HeLa cells). Moreover, cell-bound gp120 has
been shown to be internalized in 2 h in Jurkat cells [25], 1 h in
CD4-transfected HeLa cells [23,24], and 1-2 h in U937 cells [24];
therefore, the gpl20-VR complex is believed to be rapidly
removed from the surface of target cells. Consequently, even if

gp120/HIV-1-VR complexes form on CD4" T cells in vivo, it has
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been thought that the complex would disappear from the cell
surface before encountering ADCC effector cells. Collectively, it is
believed that cell-bound gp120 or HIV-1 on VRs on CD4" T cells
have a limited effect on the destruction of HIV-1-exposed cells
in vivo. In contrast, substantial percentages of CD4" T cells in
HIV-1" Pts are shown to be coated with Ig [26,27]. Because the
gp120-VR complex was thought to be rapidly removed from the
cell surface, it was also believed that sICs on CD4% T cells in HIV-
1" Pts mainly reflect the non-specific attachment of Ig-virion
complexes (known as circulating immune complexes; cICs) in
serum to the cellular surface [28].

The most abundant HIV-1 target cells @ vivo are quiescent
CD4" T cells (qCD4s) because they comprise more than 90% of
both peripheral and lymphoid T cells [14,29]. However, the
dynamics of cell-surface molecules on quiescent cells are generally
shown to be slower than on cancer or activated cells [30].
Furthermore, ¢CD4s have been shown to have unique biological
characteristics, particularly the possession of static cortical actin
barriers [31,32] and abundant expression of SAMHDI, a
deoxynucleoside triphosphate triphosphohydrolase, to prevent
reverse transcription of HIV-1 RNA [33].

Here, we first reevaluated the turnover dynamics of VRs in
qCD4s compared with lymphoma cells. We then examined the
dynamics of cell-bound gp120 in qCD4s. gp120/HIV-1-exposed
qCD4s were further exposed to anti-env Abs to form sICs and to
examine their pathological effects. We also investigated the
characteristics of sICs on CD4" T cells purified from HIV-1-
infected Pts and conducted a longitudinal analysis of the changing
levels of sSIC* CD4* T cells in peripheral blood from HIV-1* Pts
under various conditions.

Results

Slow Turnover of VRs in Dense Resting CD4" T Cells

We first thoroughly reevaluated the turnover dynamics of VRs
and cell-bound gp120 or HIV-1 on qCD4s by employing highly
purified dense resting CD4" T cells (drCD4s) from healthy donors.
drCD4s are purified from resting CD4" T cells as a dense fraction
using discontinuous density gradients of Percoll (see Materials
and Methods) [34]. We have previously shown that these
drCD4s are largely in the Gy phase of the cell cycle, do not
produce detectable cytokines, and are highly resistant to sponta-
neous cell death; therefore, drCD4s are a useful tool for observing
biological responses over a long period while avoiding a decrease
in viability and spontaneous cell activation in cell culture [34].

To investigate how the dynamics of the receptor are influenced
by cellular state, we first examined the effect of cellular activation
on VR surface expression. In agreement with previous studies [34—
36], CXCR4 was rapidly internalized following anti-CD3 Ab-
induced activation (Fig. 1A left and 1B). In contrast, CD4
expression remained virtually unaffected by anti-CD3 Ab treat-
ment (Fig. 1A right). The addition of IL-2 or ant-CD28 Ab
exposure along with anti-CD3 Ab treatment only had a marginal
effect on initial CXCR4 internalization; however, these additional
stimuli slightly enhanced the restoration of surface CXCR4
expression after 72 h (Fig. 1A left). In contrast, surface CD4
expression remained unaffected (Fig. 1A right). Collectively, we
conclude that anti-CD3 Ab-triggered CD4" T cell activation
significantly alters CXCR4 dynamics but only has a marginal
effect on CD4 dynamics.

We next evaluated VR turnover kinetics in qCD4s compared
with lymphoma cells or activated cells. In these experiments, in
addition to cycloheximide (a protein synthesis inhibitor), retro-
grade trafficking of internalized molecules and anterograde
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transport from the endoplasmic reticulum to the Golgi complex
was blocked using Brefeldin-A (BFA) (see the schematic description
of the inhibitors of protein turnover in Fig. S1A). Previous studies
have shown that the effect of BFA on protein transport is greatest
soon after treatment; therefore, the rate of reduction of VRs was
determined after the first 2-3 h. CXCR4 expression was modestly
reduced (approximately 25% in a 3-h assay) in T cell lymphoma
A3.01 cells by BFA (Fig. SIB left). Some of the BFA-induced
CXCR4 reduction (approximately 10% after 3 h) was caused by
blockage of the transport of newly synthesized molecules, as shown
using treatment with cycloheximide (Fig. S1B left). Because the
transport of newly synthesized CXCR4 appeared to be suppressed
by BFA, cycloheximide plus BFA did not produce any additive
effects on CXCR4 reduction. Therefore, in agreement with a
previous report [24], CXCR4 expression levels in A3.01 cells
appear to be maintained by both recycling and replacement at
relatively rapid rates. Next, we utilized qCD4s that were activated
by 72 h of anti-CD3 Ab plus anti-CD28 Ab exposure but still had
low CXCR#4 expression (Fig. 1A left). In contrast with A3.01
cells, when we examined the pharmacological effects on VRs after
72 h of anti-CD3 Ab plus anti-CD28 Ab activation in qCDf4s,
CXCR4 expression was significantly reduced by both BFA
(approximately 70% after 2.5 h) and cycloheximide treatments
(approximately 60% after 2.5 h) (Fig. S1B right; see also Fig.
S1A). Again, because the transport of newly synthesized CXCR4
appeared to be suppressed by BFA, cycloheximide plus BFA did
not show any additive effects on CXCR4 reduction, suggesting
that the reduced CXCR4 surface expression on activated qCD4s
after 72 h of exposure was linked to rapid turnover due to greater
degradation of CXCR4 than replacement by both newly
synthesized and recycled molecules. In agreement with these
results, RT-PCR analysis revealed that CXCR4 mRNA tran-
scripts  increased approximately 3.5-fold in activated ¢CD4s
relative to qCD4s (data mnot shown) Utilizing confocal
microscopy, we found that a significant portion of intracellular
CXCR4 colocalized with the late endosomal/lysosomal marker
LAMP-1 and the early endosomal marker Rabb [37] in activated
qCD4s, whereas, such colocalization was not observed in qCD4s
(data not shown), suggesting the degradation of the CXCR4
proteins that are enhanced in activated qCD4s. Collectively, these
results suggest that the CXCR4 turnover rate was enhanced
because protein degradation predominated over replacement by
both newly synthesized and recycled molecules; consequently,
CXCR4 expression remains low in activated qCD4s.

In contrast, exposure of qCD4s to BFA minimally reduced
CXCR4 expression levels following 16 h of incubation (approx-
imately 3% and 20% after 2.5 h and 16 h, respectively), and
exposure to both cycloheximide and Actinomycin-D (ActD), a
DNA transcription suppressor, did not affect CXCR4 expression
levels (Fig. 1C left). Again, cycloheximide plus BFA did not show
any additive effects on CXCR4 expression. These results suggest
that CXCR4 expression in qCD4s is stable and that a small
fraction (approximately 3% over 3 h) of surface CXCR4 is
continually internalized and recycled back to the surface. In
contrast, CD4 expression in qCD4s was unaffected by exposure to
BFA, cycloheximide, and ActD after 24 h (Fig. 1C right),
indicating that CD4 turnover in qCD4s is more stable than
CXCR4. Given that the inhibitors’ effects on protein transport/
synthesis are not complete, it seems reasonable to propose that the
actual turnover rate of VRs may be faster.

To further confirm the CXCR4 turnover results described
above, we monitored CXCR4 turnover by employing T22, a
peptide that binds to CXCR4 and blocks the binding of anti-
CXCR4 mAb 12G5 [38]. The binding of 12G5 to CXCR4 was
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