World | Methodol Z

Baishideng Publishing Group Inc



/{/ (]‘ % World Journal of
Methodology

A peer-reviewed; online, open-access jowrnal of methodology

Editorial Board

2016-2019

The World Journal of Methodology Editorial Board consists of 618 members, representing a team of worldwide
experts in methodology. They are from 59 countries, including Argentina (6), Australia (17), Austria (5), Belgium
(3), Brazil (7), Bulgaria (2), Canada (14), Chile (2), China (66), Colombia (1), Croatia (2), Cuba (1), Cyprus (2), Czech
Repoublic (6), Denmark (4), Egypt (11), Finland (3), France (10), Germany (16), Greece (10), Hungary (5), India (24),
Iran (7), Ireland (1), Israel (5), Italy (68), Japan (29), Jordan (1), Lithuania (2), Malaysia (5), Martinique (1), Mexico
(5), Netherlands (6), New Zealand (1), Norway (3), Oman (1), Pakistan (2), Poland (7), Portugal (8), Romania (8),
Russia (4), Saudi Arabia (2), Senegal (1), Serbia (1), Singapore (3), Slovenia (1), South Africa (1), South Korea (13),
Spain (21), Sweden (4), Switzerland (1), Thailand (7), Trinidad and Tobago (1), Turkey (15), Uganda (1), United

Arab Emirates (1), United Kingdom (26), United States (137), and Uruguay (1).

EDITOR-IN-CHIEF
Yicheng Ni, Leuven

ASSOCIATE EDITORS
Guido Gainotti, Rome
Antonio Vaz Carneiro, Lisboa
Val Gebski, Sydney

Bo Hang, Berkeley

George A Kelley, Morgantown
Sang-Soo Lee, Chuncheon
Gerhard Litscher, Graz

GUEST EDITORIAL BOARD
MEMBERS

Wen-Hsiung Chan, Chung Li
John WC Chang, Taoyuan
Long-Sen Chang, Kaohsiung
Gwo-Shing Chen, Kaohsiung
Tsung-Chi Cheng, Taipei
Yuh-Shan Ho, Taichung
Shuchen Hsieh, Kaohsiung
Chien-Han Lai, Taipei
Ping-Shan Lai, Taichung
Shih-Chang Lin, Taipei
Hung-Jen Liu, Taichung
Ko-Huang Lue, Taichung
Rong-Jong Wai, Chung Li
Chin-Tsan Wang, [-Lan
Yau-Huei Wei, New Taipei City
Ching-Feng Weng, Hualien
Cheuk-Kwan Sun, Kaohsiung

Raishidenge ~ WIM | www.wjgnet.com

MEMBERS OF THE EDITORIAL
BOARD

Argentina

Paula Abate, Cordoba

José Miguel Belizan, Buenos Aires
Rodolfo Rey, Buenos Aires

Enrique Roberto Soriano, Buenos Aires
Alejandro Sosnik, Buenos Aires
Rodolfo G Wuilloud, Mendoza

N\ |7
7

Australia

Felix Acker, Melbourne

Seetal Dodd, Geelong

Guy D Eslick, Sydney
Gaogqian Feng, Melbourne
Daniel A Galvao, Joondalup
Adrian ] Gibbs, Canberra
Phillipa ] Hay, Sydney

Moyez Jiwa, Bentley

Pupalan Iyngkaran, Northcote
Michael HJ Maes, Geelong
Sanjay Patole, Perth

Clive JC Phillips, Gatton
Janine Stevenson, Wentworthville
Zhonghua Sun, Perth
Shuhong Wang, Adelaide
Ming Wei, Gold Coast

Jiake Xu, Crawley

I
I Austria

Gerwin A Bernhardt, Graz
Siegfried Trattnig, Vienna
Martin Voracek, Vienna
Andreas Weinhausel, Vienna

Zeger Debyser, Leuven
Piet K Vanhoenacker, Aalst

‘Q
E Brazil

Monica L Andersen, Sio Paulo

Mariana de Andrea Hacker, Rio de Janeiro
Fabio S Lira, Sao Paulo

Delfim Soares Janior, Juiz de Fora
Moacyr A Rebello, Rio de Janeiro

Flavio A Sekeff-Sallem, Sao Paulo

Luci F Teixeira-Salmela, Belo Horizonte

\ Bulgaria

Todor Dudev, Sofia
Yavor Enchev, Varna

Ll

Ahmed M Abou-Setta, Edmonton

March 2, 2016




Amir Azarpazhooh, Toronto
Tarik Zine Belhocine, Toronto
Kenneth R Chapman, Toronto
Issam El Naqa, Montreal
Martin A Katzman, Toronto
Alejandro Lazo-Langner, London
Richard W] Neufeld, London
Prakesh S Shah, Toronto
Bhagirath Singh, London

Léon C van Kempen, Montreal
Yuzhuo Wang, Vancouver
Man Yu, Toronto

Haishan Zeng, Vancouver

Emilio A Herrera, Santiago
Mauricio Venegas, Santiago

%
* ;

China

Deng-Feng Cao, Beijing
Gilbert Y S Chan, Hong Kong
George G Chen, Hong Kong
William CS Cho, Hong Kong
Raymond Chuen-Chung, Hong Kong
Meng-Jie Dong, Hangzhou
Jun-Bao Du, Beijing
Zhi-Sheng Duan, Beijing
Hani El-Nezami, Hong Kong
Shen Gao, Shanghai
Wei-Qiang Gao, Shanghai
Rajiv Kumar Jha, Xi‘an

Lin Jia, Guangzhou
Chun-Ping Jiang, Nanjing
Gang Jin, Beijing

Vincent Lai, Hong Kong
Huang-Xian Ju, Nanjing
Fan-Sheng Kong, Jinan

Joey Sum-Wing Kwong, Hong Kong
Hui Li, Zhejiang

Yun-Feng Lin, Chengdu
Hong Liu, Nantong
Wing-Yee Lui, Hong Kong
Feng-Ming Luo, Chengdu
Jing-Yun Ma, Beijing

Zheng Ma, Beijing

Ling-Jie Meng, Xi'an
Hong-Xiang Sun, Hangzhou
Nian-Sheng Tang, Kunming
Bo-Chu Wang, Chongging
Ji-Bo Wang, Shenyang
Zhi-Ming Wang, Chengdu
Chuan-Lai Xu, Wuxi
Hui-Xiong Xu, Shanghai
Tong-Wen Xu, Hefei
Shi-Ying Xuan, Qingdao
Xi-Lin Yang, Hong Kong
Dengfu Yao, Nantong
He-Rui Yao, Guangzhou
Bang-Ce Ye, Shanghai
Yi-Cong Ye, Beijing

Fu-Zai Yin, Qinhuangdao
Jin-Hua Yu, Nanjing

Jin-Tai Yu, Qingdao
Wen-Wu Yu, Nanjing
Zhong-Heng Zhang, Jinhua
Zhong-Ying Zhao, Hong Kong
Chun-Fu Zheng, Wuhan

Roishideng®  WJM | www.wjgnet.com

Shao-Bing Zhou, Chengdu
Jun-Jie Zhu, Nanjing

Colombia

Angela Dominguez, Cali

= .
IRl Croatia
Marijeta Kralj, Zagreb
Ivana Maric, Rijeka

A ]
_«aemn Cuba

Mariano R Ricard, Habana

Byt

Cyprus

George ] Kontoghiorghes, Limassol
Dimitrios Stasinopoulos, Nicosia

h Czech Republic

Kamil Kuca, Hradec Kralove
Bozena Novotna, Prague

Jan Plzak, Prague

Jiri Sedy, Prague

David Skoloudik, Ostrava
Miroslav Sip, Ceske Budejovice

H
. - Denmark

Jorgen R Jepsen, Esbjerg
Hans E Johnsen, Aalborg
Lars J Petersen, Aalborg
Hans Sanderson, Roskilde

[ ]
I Eqypt

Asmaa G Abdou, Shebein Elkom
Mohammed F Amin, Elminya
ASM Arafa, Dokki

Hussein M Atta, El- Minia

Hala Salah Elwakil, Cairo
Maysaa El Sayed Zaki, Mansoura
Mustafa Abdel Hafiz El Sherbini, Cairo
Kamal K Gadalla, Tanta

Ashraf A Khalil, Alexandria
Ahmad Nofal, Zagazig

Nervana SH Bayoumi, Cairo

Ilmo H Kellokumpu, Jyvaskyla
Terho Lehtimaki, Tampere
Simo Saarakkala, Oulu

I I France

Marc Y Bardou, Dijon

II

Mohammed M Bettahar, Nancy
Niko Hildebrandt, Orsay
Guido Kroemer, Villejuif
Florian Lesage, Valbonne
Patrick Maison, Creteil
Sandrine Marquet, Marseille
Yolanda Prezado, Grenoble

JM Regimbeau, Amiens

Jean Y Rotge, Bordeaux

Germany

Hojjat Ahmadzadehfar, Bonn
Henryk Barthel, Leipzig
Harald Hampel, Frankfurt
Stefan Holdenrieder, Bonn
Joachim Jankowski, Berlin
Dmitrij Kollins, Regensburg
Philipp le Coutre, Berlin
Zoltan Lukacs, Hamburg
Jan-Christoffer Luers, Cologne
Margarete Odenthal, Cologne
Frank Peinemann, Cologne
Nikolai G Rainov, Augsburg
Stefan Reuter, Miinster

M Lienhard Schmitz, Giessen
Alfons Schnitzler, Duesseldorf
Frank Werner, Magdeburg

. F
Y —
.|
Greece

Konstantinos P Economopoulos, Athens
Don M Estes, Athens

Georgios A Koumantakis, Patra
Michael Koutsilieris, Athens

Giannis Mountzios, Athens
Demosthenes Panagiotakos, Athens
Issidora Papassideri, Athens

Falaras Polycarpos, Pallini Attikis
Paschalis Steiropoulos, Alexandroupolis
George Vaos, Alexandroupolis

[
[N Hungary

Laszl6 Czako, Szeged
Jozsef G Joo, Budapest
Péter Halasz, Budapest
Andras Komocsi, Pécs
Lészl6 Vécsei, Szeged

®
N 1ndia
Chandrasekhar Bal, New Delhi
Pranjal Chandra, Guwahati
Dipshikha Chakravortty, Bangalore
Mukul Das, Lucknow
Pankaj K Garg, Delhi
Ravindra K Garg, Lucknow
Neeta D Grover, Sangli
KP Haresh, New Delhi
Devinder K Dhawan, Chandigarh
R Jayakumar, Cochin
Rudagi Kavita, Wardha
Abdul V Khan, Aligarh
Geetha Manivasagam, Vellore
Bijoy P Mathew, Delhi

March 2, 2016



Roishidenge ~ WIM | www.wjgnet.com March 2, 2016




- Poland

Andrzej M Bugaj, Poznari

Piotr Dziegiel, Wroclaw

Dominik Golicki, Warszawa
Barbara M Jarzab, Gliwice
Tadeusz Robak, Lodz

Dorota I Wasko-Czopnik, Wroclaw
Cezary W Watala, Lodz

- Portugal

Sofia Braga, Lisbon

Tlidio J Correia, Covilha
Paula Freitas, Porto

Nuno Lunet, Porto
Fernando Ribeiro, Aveiro
Hugo Sousa, Porto
Fernando SRR Teles, Lisboa

I I Romania

Radu Albulescu, Bucharest
Bogdan N Manolescu, Bucharest
Elena Moldoveanu, Bucharest
Monica Neagu, Bucharest
Florin-Dan Popescu, Bucharest
Eugen Rusu, Galati

Aurora Szentagotai, Cluj-Napoca
Cristiana P Tanase, Bucharest

Zhanna E Belaya, Moscow

Galina B Bolshakova, Moscow
Nikolay V Klassen, Chernogolovka
Sergey V Dorozhkin, Moscow

= Saudi Arabia

Fawad Javed, Riyadh
Abdulhamit Subasi, Jeddah

§ -

Badara Cissé, Dakar

o]

Serbia
Branka S Radojcic, Novi Sad

Singapore

Desmond Heng, Singapore
Thomas WaiThong Ho, Singapore
Yong Zhang, Singapore

Tomaz Velnar, Ljubljana

Raishidenge ~ WIM | www.wjgnet.com

>‘ South Africa

Robin A Emsley, Cape Town

///.\\\

W% south Korea
Byeong-Cheol Ahn, Daegu
Yongdoo Choi, Goyang
Sang Soo Hah, Seoul
Tae-Ho Hwang, Busan
Soung Won Jeong, Seoul
Beom Joon Kim, Seoul
Young-Jin Kim, Hwasun
Chang-Yong Lee, Kongju
Kwan Sik Lee, Seoul
Jong-Lyel Roh, Seoul
Yun Kyoung Yim, Daejeon
Myonggeun Yoon, Seoul

]

I Spain

Salvador F Alino Pellilcer, Valencia
Mohamed F Allam, Cordoba
Alejandro Cifuentes, Madrid
Miren Lopez de Alda, Barcelona
Joaquin de Haro, Madrid

Carlos Gonzalez-Juanatey, Lugo
Emma Garcia-Meca, Murcia
Monica H Giménez, Zaragoza
Josep M Guerrero, Barcelona
Antonio ] Jara, Murcia

David Lobo, Santander

Fernando Marin, Madrid

José A Roldan Nofuentes, Granada
José A Orosa, A Coruria

Jestis Osada, Zaragoza

Bernardino Roca, Castellon de la Plana
Soledad Rubio, Cérdoba

Helmut Schroder, Barcelona

Jesus Simal-Gandara, Ourense
Gabriela Topa, Madrid

Miguel A Vallejo, Madrid

I
- - Sweden

Stefan Karlsson, Lund

Maria Koltowska-Haggstrom, Stockholm

Ludmilla Morozova-Roche, Umea
Jenny Selander, Stockholm

ﬂ Switzerland

Giorgio Treglia, Bellinzona
—
s Thailand

Amporn Jariyapongskul, Bangkok
Rungroj Krittayaphong, Bangkok

Sombat Muengtaweepongsa, Pathum Thani

Apiwat Mutirangura, Bangkok
Kittisak Sawanyawisuth, Khon Kaen
Bungorn Sripanidkulchai, Khon Kaen
Chonlaphat Sukasem, Bangkok

v

k\l Trinidad and Tobago

Rao R Suresh, Mt.Hope

Turkey

Kemal Behzatoglu, Istanbul
Mehmet Dogan, Balikesir
Cevdet Duran, Konya
Ilknur I Gumus, Ankara
Serkan Kahyaoglu, Ankara
Oner Mentes, Ankara
Tomris Ozben, Antalya
Emin Ozkaya, Istanbul
Ferda E Percin, Ankara
Kemal Polat, Bolu

Funda Saglam, Aydin
Seckin Tuncer, Konya
Nurver S Turfaner, Istanbul
Ahmet Yildirim, Bornova-Izmir
Aysegul Yildiz, Izmir

e Uganda
Vincent Batwala, Mbarara

I United Arab Emirates
Hassib Narchi, Al Ain

Y4

'/‘ s United Kingdom

Nadeem A Afzal, Southampton
Suhail Anwar, Huddersfield
Richard H Barton, London
Simon Bramhall, Hereford

Paolo De Coppi, London

Paul C Evans, Sheffield
Giuseppe Garcea, Leicester
Marta I Garrido, London

David E Gilham, Manchester
Richard O Jenkins, Leicester
Sinead Keeney, Northern Ireland
Ji-Liang Li, Plymouth

Tracey A Martin, Cardiff
Maurice ] O’Kane, Northern Ireland
Abdullah Pandor, Sheffield
Susan Pang, Middlesex

Dmitry Pchejetski, London
Robert Perneczky, London
Shahzad G Raja, London

Pankaj Sharma, London

Sami M Shimi, Dundee

Andrew H Sims, Edinburgh
David E Whitworth, Aberystwyth
Jenny Worthington, Coleraine
Feng Wu, Oxford

Shangming Zhou, Singleton Park

United States

Nasar U Ahmed, Miami
Mike Allen, Milwaukee

March 2, 2016



Roishidenge ~ WIM | www.wjgnet.com March 2, 2016




W\ |/ [

Contents Quarterly Volume 6 Number 3 September 26, 2016

DIAGNOSTIC ADVANCES
181 CD4-positive diffuse large B-cell lymphoma: A variant with aggressive clinical potential

Hussaini MO, Kreisel FH, Hassan A, Nguyen TT, Frater JL

THERAPEUTICS ADVANCES
187 Modified skin bridge technique for ilio-inguinal lymph node dissection: A forgotten technique revisited

Ray MD, Garg PK, Jakhetiya A, Kumar S, Pandey D

ORIGINAL ARTICLE
Basic Study
190 Adjuvant role of Pseudomonas flagellin for Acinetobacter baumannii biofilm associated protein

Sefidi MD, Rasooli I, Owlia P, Talei D, Astaneh SDA, Nazarian S

Raishidenge ~ WIM | www.wjgnet.com I September 26, 2016 | Volume 6 | Issue3 |



Content World Journal of Methodology
ontents
Volume 6 Number 3 September 26, 2016
ABOUT COVER Editorial Board Member of World Journal of Methodology, Ronald Gillam, PhD,
Doctor, Professor, Department of Communicative Disorders, Utah State University,
Logan, UT 84322, United States
AIM AND SCOPE World Jonrnal of Methodology World | Methodol, WM, online ISSN 2222-0682, DOI: 10.5662)
is a peer-reviewed open access academic journal that aims to guide clinical practice and
improve diagnostic and therapeutic skills of clinicians.

The primary task of IWJM is to rapidly publish high-quality original articles, reviews,
and commentaries that deal with the methodology to develop, validate, modify and
promote diagnostic and therapeutic modalities and techniques in preclinical and clinical
applications. IWJM covers topics concerning the subspecialties including but not exclusively
anesthesiology, cardiac medicine, clinical genetics, clinical neurology, critical care, dentistry,
dermatology, emergency medicine, endocrinology, family medicine, gastroenterology
and hepatology, geriatrics and gerontology, hematology, immunology, infectious diseases,
internal medicine, obstetrics and gynecology, oncology, ophthalmology, orthopedics,
otolaryngology, radiology, serology, pathology, pediatrics, peripheral vascular disease,
psychiatry, radiology, rehabilitation, respiratory medicine, theumatology, surgery, toxicology,
transplantation, and urology and nephrology.

INDEXING/ABSTRACTING World Jonrnal of Methodology is now indexed in PubMed, PubMed Central.
FLYLEAF I-V  Editorial Board
EDITORS FOR Responsible Assistant Editor: Xiang Li Responsible Science Editor: Xue-Mei Gong
Responsible Electronic Editor: Ya-Jing L« Proofing Editorial Office Director: Xin-Xia Song
THIS ISSUE Proofing Editor-in-Chief: Lian-Sheng Ma
NAME OF JOURNAL EDITORIAL OFFICE PUBLICATION DATE
World Journal of Methodology Xiu-Xia Song, Director September 26, 2016
Fang-Fang Ji, Vice Director
COPYRIGHT
ISSN . %r/dj ournal of Me{bado/agy © 2016 Baishideng Publishing Group Inc. Articles pub-
ISSN 2222-0682 (online) Baishideng Publishing Group Inc lished by this Open-Access journal are distributed under
8226 Regency Drive, Pleasanton, CA 94588, USA the terms of the Creative Commons Attribution Non-
LAUNCH DATE Telephone: +1-925-2238242 commercial License, which permits use, distribution, and
September 26, 2011 Fax: +1-925-2238243 reproduction in any medium, provided the original work
’ E-mail: editorialoffice@wignet.com is propetly cited, the use is non commetcial and is other-
FREQUENCY Help Desk: http:/ /wwwiwjgnet.com/esps/helpdesk.aspx wise in compliance with the license.
Quarterly bucp:/ /worwwignet.com SPECIAL STATEMENT
All articles published in journals owned by the
EDITOR-IN-CHIEF PUBLISHER Baishideng Publishing Group (BPG) represent the
Yicheng Ni, MD, PhD, Professor, Department of Baishideng Publishing Group Inc views and opinions of their authors, and not the views,
Radiology. [} o] H, ital KiJ 1 H 8226 Regency Drive, opinions or policies of the BPG, except where other-
adiology, University Hospita S, , Leuven, Her- Pleasanton. C-A 94588, USA wise explicitly indicated.
estraat 49, B-3000, Leuven, Belgium Teleh -’+1 05 22)38242
ot L0059938003 INSTRUCTIONS TO AUTHORS
o TTen :/ [www.wijgnet. i 204
EDITORIAL BOARD MEMBERS ok bpoffcc@vignet.com ttp:/ /wewwwignet.com/bpg/gerinfo/
All editorial board members reSO}lrces online at http:// Help Desk: http:/ /wwwawignet.com/esps/helpdesk aspx ONLINE SUBMISSION
www.wjgnet.com/2222-0682/editorialboard.htm http:/ /wwwwignet.com http:/ /www.wijgnet.com/esps/

Raishidenge ~ WIM | www.wjgnet.com I September 26, 2016 | Volume 6 | Issue3 |



wdJ M

World Journal of
Methodology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5662/ wjm.v6.i3.181

World | Methodol 2016 September 26; 6(3): 181-186
ISSN 2222-0682 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

DIAGNOSTIC ADVANCES

CD4-positive diffuse large B-cell lymphoma: A variant with

aggressive clinical potential

Mohammad O Hussaini, Friederike H Kreisel, Anjum Hassan, TuDung T Nguyen, John L Frater

Mohammad O Hussaini, Division of Molecular Pathology,
Department of Pathology and Immunology, Washington University
in St. Louis School of Medicine, St. Louis, MO 63110, United
States

Friederike H Kreisel, Anjum Hassan, TuDung T Nguyen,
John L Frater, Division of Hematopathology, Department of
Pathology and Immunology, Washington University in St. Louis
School of Medicine, St. Louis, MO 63110, United States

Author contributions: All the authors contribute to the paper.

Conflict-of-interest statement: The authors declare that they
have no conflict of interest.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: John L Frater, MD, Division of Hem-
atopathology, Department of Pathology and Immunology,
Washington University in St. Louis School of Medicine, 660 S.
Euclid Ave, St. Louis, MO 63110,

United States. jfrater@wustl.edu

Telephone: +1-314-3621553

Fax: +1-314-7474392

Received: April 12,2016
Peer-review started: April 13,2016
First decision: May 19, 2016
Revised: June 25, 2016

Accepted: July 29, 2016

Article in press: July 31, 2016
Published online: September 26, 2016

Baishidenge ~ WIM | www.wjgnet.com

181

Abstract

CD4 expression is rare in diffuse large B-cell lymphoma
(DLBCL), with 4 previously reported cases. Its significance
is uncertain. We report five patients with CD4" DLBCL
and one CD4" primary mediastinal large B-cell lymphoma.
Cases were identified by searching the electronic database
of the department; each was reviewed. Average age was
56 years. Neoplastic cells expressed CD20 (5/6 tested
cases). BCL2/BCL6 expression were seen in 3/3 tested
cases, suggesting a germinal center origin. Additionally,
expression of T-cell antigens CD2 and CD5 was noted
in 2/2 and CD7 in 1/1 tested case. CD3 was negative
in all. Lymph nodes were commonly involved (67%).
Patients received chemotherapy +/- radiation (6/6) and
bone marrow transplant (2/6). Average survival was
44.2 mo. CD4 expression in DLBCL raises questions of
lineage commitment. CD4" DLBCL is rare; care should be
exercised not to diagnose these as T-cell lymphomas. A
subset behaves aggressively.

Key words: CD4"; Diffuse large B-cell lymphoma; T-cell
lymphoma; Lineage infidelity

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Aberrant expression of T-cell antigens including
CD4 in ALK-negative diffuse large B-cell lymphoma
(DLBCL) is a rare phenomenon that raises interesting
biological and diagnostic considerations. With regards
to our series of DLBCLs expressing CD4, it appears that
at least a subset may behave aggressively based on our
data.

Hussaini MO, Kreisel FH, Hassan A, Nguyen TT, Frater JL. CD4-
positive diffuse large B-cell lymphoma: A variant with aggressive
clinical potential. World J Methodol 2016; 6(3): 181-186
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INTRODUCTION

Most cases of diffuse large B-cell lymphoma (DLBCL)
show expression of B-cell antigens CD19, CD20, CD22,
and CD79a. Variable expression of CD10, BCL-6, IRF4/
MUM1, FOXP1, and less commonly CD5, is also observed.
Surface/cytoplasmic light chain expression is usually
present!!],

The expression of T-cell associated antigens is not
seen in benign lymphoid proliferations and is uncommon
in B-cell non-Hodgkin lymphoma (B-NHL), most fre-
quently occurring in the setting of chronic lymphocytic
leukemia/small lymphocytic lymphoma™. In a series of
101 B-NHL, CD2, CD5, and CD7 expression was seen
in only one quarter of cases™, CD8 (2%-3% of cases)
expression has also been documented™. CD3 and CD4
expression, however, are exceedingly rare in DLBCL with
only 4 cases of the latter reported in the world literature
to the best of our knowledge™™), Herein, we report a
series of six cases of CD4" large B-cell lymphoma (LBCL)
identified from our institution and review the pertinent
literature to determine the incidence and possible mech-
anisms of aberrant T-cell antigen expression in B-NHL.

LITERATURE

Permission for the study was granted by the Washington
University (WU) Human Studies Committee. Consecutive
cases diagnosed within a 21-year period in patients
0-99 years old were identified by searching the Copath
database of the Division of Anatomic Pathology at Barnes
Jewish Hospital/WU (WU/BIC) using the terms “large
B-cell lymphoma” and “CD4"” in any field. Each hit was
then individually reviewed to identify cases of DLBCL with
concomitant CD4 expression or aberrant expression of
other T-cell antigens by immunohistochemistry or flow
cytometry.

Clinical data were acquired from WU/BIC Clinical
Desktop, CoPath, and Touchwork databases, and by dlini-
cian interview. Mortality data were also procured from the
Social Security Death Index.

RESULTS

Histologic and clinical features for all six cases are
detailed in Table 1. Patients ranged in age from 22-79
years (average 54 years), and included 3 men and 3
women. Due to the retrospective nature of the study
information about extent of disease at presentation was
limited to three patients, and ranged from relatively
limited disease in patients 1 and 2 to more extensive
involvement in patient 5. Lymph node biopsies were
obtained from the cervical or supraclavicular regions
in 4 patients. In patient 1 tissue from the left maxillary

Baishidenge ~ WIM | www.wjgnet.com
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Figure 1 Diffuse effacement of underlying tissue architecture by
neoplastic cells in left maxillary sinus biopsy, patient 1 (hematoxylin and
eosin, original magnification x 400).

Figure 2 Large malignant cells with increased nuclear:cytoplasmic ratio,
multiple nucleoli, irregular and nuclear contours arranged in sheets, case
1 (hematoxylin and eosin, original magnification x 1000).

sinus was biopsied, and in patient 6 the skin of the right
leg was sampled.

Grossly, the tumors were noted to have a soft,
grey/gelatinous appearance in two cases, and in one
of these cases it was mistaken as a myxoma initially.
In terms of immunophenotype, the neoplastic cells
usually expressed CD45 (4/4 tested cases), CD20 (5/6
tested cases), CD19, and PAX5. BCL2, BCL6, and CD10
expression were also seen implying a germinal center
origin (Figures 1-3). BCL2 and BCL6 expression were
seen in 3/3 tested cases. CD4 was expressed in the
vast majority of cells in 5/6 cases, and was positive in
approximately 1/2 of the large cells in the biopsy from
patient 4 (Figure 3). All cases were tested for CD3
expression by immunohistochemistry and were negative.
With the exception of patient 4, the malignant cells in all
patients were positive for CD20 immunohistochemistry.
A monoclonal rearrangement of IgH by polymerase
chain reaction (PCR) established the malignant lineage
of the cells from patient 4. In addition to CD4, aberrant
expression of T-cell antigens CD2 and CD5 was noted
in two cases each and CD7 in one case. No TCR
rearrangements were found in one tested case.

Five patients were diagnosed with DLBCL, including

September 26, 2016 | Volume 6 | Issue3 |
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Summary of histologic and clinical features of ALK-negative, CD4-positive diffuse large B-cell lymphomas

Case no. Age/ Diagnosis Immunophenotype Molecular Gross Treatment Clinical outcome Site Stage
sex findings description
1 73/M DLBCL CD20, BCL-2, CD10, Soft, R-CHOP x 4 Complete remission Left maxillary —I-E
CD5, CD43, BCL-6, gelatinous at 4 mo follow-up;  sinus
and CD4 appearing free of disease at 6
mass mo follow-up
2 22/F PMLBCL CD45, CD20, 12 cycles of Dead; 14 mo Supraclavicular ITE-X-B
CD79a, with R-VACOP-B;  survival from lymph node
variable expression 2 cycles of disease discovery;
of CD2, CD4, CD30, R-ESHAP Progressive disease
CD23, BCL-6 and mediastinal
BCL-2 radiation (40-50
Gy); matched,
unrelated
donor stem
cell transplant
with Bu/Cy
conditioning;
salvage
chemotherapy
with GND;
SGN-35
3 79/F DLBCL and CD45 (focal), CD20, R-CHOP Dead; 6 mo survival Left neck lymph
FL(3a) CD3, CD21 (focal), from disease node
Bcl-2, Pax-5, subset diagnosis
expression of CD2,
CD4, CD5, CD7,
CD8 Bcl-6, MUM1,
and CD10
4 67/M CLL/SLL with CD45, CD30, EMA, 46, XY™ clonal Fludarabine  Dead; 15 mo Left
transformation CD4 (subset), and  IGH rearranged; and cytoxan X survival; subclavicular
to LBCL CD43, rare weak IGVH 3; fludarabine, Progressive disease lymph node
CD2 unmutated; Rituxan, and
TCR gamma mitoxantrone
rearrangement x 2; R-CHOP
negative x 4; R-CHOP;
BEAM and
auto transplant
5 26/M B-cell large cell CD20, CD30 (weak), R-CHOP No evidence of Left posterior ~ IV-A-E
lymphoma CD4 (subset) x 5, field relapse at 72 mo; cervical lymph
radiotherapy  lost to follow up node
6 55/F Malignant CD20, MB-2, CD4, Lost to follow-up ~ Right leg skin
lymphoma, BCL2, and CD43
diffuse cleaved PCNA
large cell type,
with B-cell
differentiation

CLL/SLL: Chronic lymphocytic leukemia/small lymphocytic lymphoma; CD: Cluster of differentiation; DLBCL: Diffuse large B-cell lymphoma; F: Female;
M: Male; PMLBCL: Primary mediastinal large B-cell lymphoma; CHOP: Rituximab, cyclophosphamide, doxorubicin hydrochloride, vincristine sulfate;

R-ESHAP: Rituximab, etoposide, methylprednisolone, high-dose cytarabine, and cisplatin; VACOP: Vinblastine, adriamycin, cyclophosphamide, etoposide,

prednisone, bleomycin; GND: Gemcitabine, vinorelbine, and doxorubicin; SGN-35: Brentuximab vedotin; BEAM: Carmustine, etoposide, cytarabine, and

melphalan; FL: Follicular lymphoma.

one (patient 4) in which the DLBCL represented a Richter
transformation of a prior chronic lymphocytic leukemia/
small lymphocytic lymphoma and one (patient 3) with
DLBCL and associated grade 3a follicular lymphoma.
Patient 4 presented with primary mediastinal large B-cell
lymphoma.

Clinical follow-up was available for 5/6 patients, who
were all treated with multiagent chemotherapy. Two
patients received stem cell transplants. Two patients
had an initial response until lost to further follow-up at
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6 and 72 mo, respectively, and 3 died of progressive
disease between 6-15 mo after original diagnosis.
Average survival was 44.2 mo overall, and 11.7 mo for
those who died.

CONCLUSION

Herein, we report the largest series of ALK-negative
CD4-positive DLBCL. Five cases were DLBCL, NOS
and one was an example of PMLBCL. In our cohort (n
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Figure 3 Immunohistochemistry results (clockwise). A: CD20 (original magnification x 200); B: CD5 (original magpnification x 200); C: CD4 (original magnification

x 200); D: CD4 (original magnification x 1000).

= 6), the average patient age was 56 years (range:
22-79). There was no sex predilection (3 males, 3
females). Lymph nodes were the most common site of
involvement (67%). All patients received multi-agent
chemotherapy, and two patients underwent stem cell
transplantation. Average overall survival (n = 6) was
44.2 mo. For those who died (n = 3), average survival
was only 11.7 mo.

The aberrant expression of T-cell associated antigens
is not seen in benign lymphoid proliferations and is rather
uncommon in B-NHLY®, Nonetheless, aberrant expression
of CD5, CD2, CD3, CD4, CD7, CD8, and CD45R0O
(UCHL-1) have all been reported in B-cell lymphomas.
Most commonly, aberrant expression of T-cell antigens
is seen in CLL and mantle cell lymphoma. Overall, the
reported frequency of T-cell antigen expression in B-NHL
ranges from 19% to 25%'®. CD4 expression is unusual in
B-NHL. It has been reported in plasmablastic lymphoma
(3 cases), DLBCL associated with chronic inflammation/
pyothorax-associated lymphoma (1 case), and CLL (1
case)®., Interestingly, CD4 positivity is frequently seen in
ALK" DLBCL with one series citing a frequency of 64%
(14/22 cases) in these rather uncommon neoplasms'®. In
DLBCL, NOS, CD4 expression is particularly rare with only
4 cases reported in the world literature to the best of our
knowledge™®®*",

Review of the literature shows four prior reports
or ALK-negative, CD4-positive DLBCL (Table 2). The
earliest case was identified by Olack et a/'® who
described a case of DLBCL that was positive for CD19,
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surface kappa light chain, CD4, and CD7 by flow
cytometry. The patient was an 81-year-old man with
moderate lymphadenopathy but no organomegaly or
bone marrow involvement. He had stage Il disease and
was lost to follow up after 13 mo of stable disease.

The next patient was an 82-year-old man who was
found to have left cervical and left inguinal lymph node
swelling. Biopsy of an involved lymph node showed
DLBCL. Dual staining confirmed that the cells of interest
were positive for both CD4 and CD19. Complete re-
mission was achieved after five cycles of rituximab,
cyclophosphamide, doxorubicin hydrochloride, vincristine
sulfate (R-CHOP)™",

2010, Arrondini et al® reported 2 cases of CD4"
DLBCL occurring in the small bowel. The first of these
was a 55-year-old woman who presented with lymp-
homa entrapping the last part of the ileum, pancreas,
and omentum. Molecular studies showed a clonal
IgH rearrangement and no BCL2 rearrangement. The
patient received dose-escalated (Mega) CHOP but two
weeks later required a laparotomy for resection of 60
cm of ulcerated and perforated small bowel. The patient
received 5 more cycles of R-MegaCHOP and achieved
complete remission.

The second case reported by Arrondini et af®! involved
a 73-year-old man who presented with DLBCL involving
the ileum. A staging bone marrow biopsy was negative.
The patient was treated with adjuvant chemotherapy.
Two years later, he presented with an enlargement
of the pancreatic head and a mass involving the right
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Table 2 Summary of ALK-negative, CD4-positive diffuse large B-cell lymphomas reported in the literature

Case no. Age/sex Diagnosis Immunophenotype = Molecular Gross Treatment Clinical Site Stage Ref.
findings description outcome
1 81/F DLBCL CD19, CD4, CD7 Lost to follow- N/A 11 [2]
up after
13 mo of stable
disease
2 82/M DLBCL CD4+, CD5+, CD19+, R-CHOP x 5 Complete Left cervical [11]
CD20+, CD23+, remission after and left inguinal
CD25+, kappa+ chemotherapy lymph node
3 55/F  DLBCL CD20 (weak), BCL2, Clonal IgH gene Uniformly Mega Chop; R- Complete Tleum [6]
PAXS5, surface kappa, rearrangement soft, greyish Mega CHOP x 5 remission after
MUM]1, and CD4 and no tissue chemotherapy
BCL2 gene
rearrangement
4 73/M  DLBCL CD45 (dim), CD19, Clonal IgH gene Adjuvant Tleum [6]
PAX5, CD20, CD10, rearrangement chemotherapy

BCL6, BCL2, surface
lambda light chain,
and CD4

and a BCL2 gene
rearrangement

CD: Cluster of differentiation; DLBCL: Diffuse large B-cell lymphoma; F: Female; M: Male; N/ A: Not available; CHOP: Rituximab, cyclophosphamide,

doxorubicin hydrochloride, vincristine sulfate, mega.

adrenal gland and superior pole of the right kidney.
Retroperitoneal lymph-node fine needle aspiration
showed numerous large lymphoid cells with centrally-
located nucleoli and vesicular chromatin.

Aberrant expression of CD4 in DLBCL is a rare but
intriguing finding that raises questions of lineage fidelity
and the biology underlying such aberrant expression.
Under physiological conditions, lineage commitment and
differentiation are considered unidirectional and irreversible
processest?, That is to say, a lymphocyte committed to
the B-cell program is destined to become a B-cell, one
that we do not normally expect to dedifferentiate to an
immature form. So how then does one explain aberrant
T-cell antigen expression in B-cell lymphomas? Various
hypotheses, some of which challenge this paradigm, have
been advanced to account for this unusual phenomenon.

Some believe that aberrant expression is the result
of neoplastic transformation at stem cell level before
commitment to either B or T-cell differentiation™>'%.
Others postulate expansion of a normal subpopulation
expressing T cell antigens [CD5" B1 cells, CD2(+) B cells,
CD7(+) B cells]®™, 1t is also possible that deregulated
control of gene expression in malignant B cells leads
to the activation of some otherwise silent or repressed
genes of T-cell differentiation'®***>*®, For example,
deregulated/damaged PAX5 might downregulate B-cell
antigens and lead to aberrant expression of a T-cell
antigen such as CD4. This notion is corroborated by
murine models in which conditional deletion of PAX5
resulted in dedifferentiation of mature peripheral B cells
into early uncommitted progenitors that were able to
rescue T lymphopoiesis in the thymus of T-cell-deficient
micet?,

The import of T-cell antigen expression in B-NHL lies
beyond its identification as a biological curiosity or its
role in helping us understand lymphopoiesis, and in turn
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lymphomagenesis. There are practical implications as
well. Particularly, recognition of T-cell antigen expression
in B-NHL is important to avoid erroneous diagnostic
consideration of a T-cell malignancy, a potential pitfall
that is potentiated by sometimes weak expression of
B-cell defining markers. Given that T-cell markers are
not routinely performed in cases of DLBCL, the actual
incidence of CD4 positivity may actually be higher than
cited in the literature. However, results from sizeable
series looking at T-cell antigen expression in B-NHL
would argue against this possibility and suggest that
CD4 expression is in fact rare’™,

We must also consider whether there are any
prognostic implications. The data are not entirely clear
in this regard. There are isolated reports showing worse
outcomes for T-Ag (+) B-NHLs. Some report increased
extranodal involvement and a higher International
Prognostic Index (high and high intermediate) score in
such cases. On the other hand, Olack et a/® did not find
any difference when T-Ag (+) B-NHLs were compared
to their normal B-NHL counterparts. With regards to our
series of DLBCLs expressing CD4, it appears that at least
a subset may behave aggressively based on our data.
In summary, aberrant CD4 expression in ALK-negative
DLBCL is a rare, but documented, phenomenon that
raises interesting biological and diagnostic considerations.
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Abstract

Tlio-inguinal lymph node dissection (IILD) is a commonly
performed surgical procedure for a number of malignant
conditions involving mainly the male and female genitalia,
and the skin; however the postoperative morbidity of IILD,
due to high frequency of flap necrosis, wound infection
and seroma formation, has always been a major concern
for the surgeons. The aim of the study is to highlight a
modified skin bridge technique of IILD using two parallel
curvilinear incisions to minimize postoperative skin flap
necrosis. This technique was successfully employed in 38
IILD during May 2012 to November 2013. None of the
patient had flap necrosis. Two patients developed seroma
while another two patients had superficial surgical site
infection; they were managed conservatively. Modified
skin bridge technique for IILD is an effective method
to minimize flap necrosis without compromising the
oncological safety.

Key words: Skin bridge technique; Wound infection; Ilio-
inguinal lymphadenectomy; Flap necrosis

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ilio-inguinal lymph node dissection (IILD)
has classically been associated with high postoperative
complications which include flap necrosis, wound in-
fection, seroma formation, and lymphedema. A modified
skin bridge technique of performing IILD aims to minimize
the postoperative wound complications. It is an effective
method to minimize flap necrosis without compromising
adequate oncologically safe dissection.
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bridge technique for ilio-inguinal lymph node dissection: A forgotten
technique revisited. World J Methodol 2016; 6(3): 187-189 Available
from: URL: http://www.wjgnet.com/2222-0682/full/v6/i3/187.htm
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INTRODUCTION

Ilio-inguinal lymph node dissection (IILD) has classically
been associated with high postoperative complications
which include flap necrosis, wound infection, seroma
formation, and lymphedema. Although a number of
modifications of surgical techniques to perform IILD
have been reported in the literature, frequency of various
complications remains high. In a recent review of IILD,
Hegarty et af"' reported that frequency of skin flap necrosis
varies from 7.5% to 61% in radical IILD; other major
complications of IILD include infection (7.5% to 14.2%),
seroma formation (5% to 13.8%) and lymphedema
(2.5% to 5.2%). In 1972, Fraley et af? described a new
technique “skin bridge technique” for IILD to reduce
postoperative wound complications; however, this
technique failed to gain popularity among the surgeons.
We, herein, present our modified skin bridge technique
which aims to lessen the frequency of postoperative skin
flap necrosis.

OPERATIVE TECHNIQUE OF MODIFIED
SKIN BRIDGE TECHNIQUE

The patient was positioned supine with abduction and
external rotation at hip joints (Figure 1). This technique
entailed two curvilinear incisions: An inguinal incision,
of approximately 7 cm length, 4 cm below and parallel
to the inguinal ligament; and an iliac incision, of 5-7 cm
length, 4 cm above and parallel to the inguinal ligament
(Figure 2A). During the inguinal part of dissection, the
skin flap was raised preserving the subcutaneous fat,
just superficial to Scarpa’s fascia, with flap (Figure 2B);
the lateral limit of dissection was the medial border of
Sartorius and the medial limit was the lateral border
of adductor longus, the upper limit was 2-3 cm above
the inguinal ligament, and the lower limit was the apex
of the Scarpa’s triangle. During the iliac part of the
dissection - the external oblique muscle was divided
along the skin incision, and the internal oblique and
transverses abdominis muscles were split along the
muscle fibres. The retroperitoneal space was entered
thereafter. Inguinal and iliac lymphadenectomy is
completed as per the standard technique. The margins
of the inguinal incisions were routinely freshened before
closure. Sartorius flap was routinely used to cover the
femoral vessels in all patients. One closed suction drain
was placed in the inguinal region; no drain was used
for iliac dissection area (Figure 3). A light pressure
dressing was done. All the patients were prescribed
elastic stockings within eight hours of the surgery.
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Figure 1 Position of the patient, supine with abduction and external
rotation at both hip joints.

~

Figure 2 Two parallel curvilinear incisions technique: One inguinal
incision, another iliac incision (A), and during inguinal part of dissection,
the skin flap is raised preserving the subcutaneous fat, superficial to
scarpa’s fascia (B).

Antithrombotic prophylaxis was not routinely prescribed.
The patients were discharged on 2™ postoperative days
after having been explained and taught surgical site
care and how to measure daily drain output. The drain
was removed in an out-patient clinic after the drain
output decreased to less than 40 mL/d. All patients
receive perioperative antibiotics for five days or till
drainage tube was not removed.

RESEARCH RESULT

This technique was successfully employed in 38 IILD
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Figure 3 Immediate postoperative photograph.

during May 2012 to November 2013. There was no
perioperative mortality. None of the patient had flap
necrosis. Six patients developed seroma while another
two had superficial surgical site infection; they were
managed conservatively. For a unilateral ilio-inguinal
lymphadenectomy, the median lymph nodes harvested
were 10 (interquartile range 7-15) while the median
operative time and blood loss was 50 min (interquartile
range 45-60) and 15 mL (interquartile range 10-25)
respectively.

DISCUSSION

IILD has been traditionally an integral part of manage-
ment of male and female genital cancers, and skin
cancers; however, it is associated with considerable
post operative morbidity and high frequency of ischemic
necrosis of skin flaps. These complications have reduced
over a period of time with certain technical modifications
as it is evident from two publications from a single
institute in south India®*. In a large series of 174 IILDs,
performed from 1962 to 1990, Ravi'® reported that
postoperative complications of IILD were partial skin
flap necrosis in 64%, wound infection in 14%, seroma
formation in 9%, and limb lymphedema in 29% of
dissections. Another paper form the same institute!®,
published 14 years later highlighted a lower rate of flap
necrosis (19.8%) in 202 IILDs performed from 1987 to
1998. Though there was a reduction in the rate of flap
necrosis in IILDs, it continued to be considerably high
(19.8%). The high postoperative morbidity associated
with IILD is at the helm of many controversies: Whether
the extent of lymphadenectomy can be curtailed in
early cancer? Whether should one go for sentinel node
biopsy? Whether there is any role for prophylactic
lymphadenectomy at all? And what is the role of whole
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gamut of new minimally invasive techniques of IILD.
We tried to address to problem of skin flap necrosis with
our innovative modified skin bridge technique using two
parallel curvilinear incisions.

The blood supply of the skin flap is derived from
the three superficial branches of the femoral artery
namely - superficial external pudendal, superficial epi-
gastric and superficial circumflex iliac. These vessels
are usually divided during conventional technique of
groin dissection, and so the vascularity of the skin flaps
rely solely upon the anastomotic branches of these
vessels forming a microvascular arcade which lies in the
camper’s fascia and runs parallel to inguinal ligament..
This anatomical fact is the basis of our technique as
both incisions remain parallel to the inguinal ligament,
and thus spare the above mentioned vessels which run
superficial to Scarpa’s fascia. The curves at the ends of
the curvilinear incisions define the medial and lateral
boundary of the dissection; an overzealous dissection
beyond the limits has been a crucial factor which can
jeopardize the vascularity of skin flaps and result in its
necrosis™.

There are some minor modifications that we made in
our technique compared to what was described originally
by Fraley and Hutchens™: (1) relatively smaller skin
incisions; (2) routine transposition of Sartorius muscle to
cover the femoral vessels; (3) no routine femoral hernia
repair; (4) no en bloc dissection of iliac and inguinal
lymph nodes; and (5) routine freshening of both skin
edges of inguinal incision.

CONCLUSION

Modified skin bridge technique for IILD is an effective
method to minimize flap necrosis without compromising
oncological safety.
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Abstract

AIM

To study immunogenicity of Pseudomonas N terminal
flagellin as an adjuvant for Acinetobacter baumannii (A.
baumannii) biofilm associated protein (Bap).

METHODS

The N terminal flagellin gene was amplified. The pET28a
(+) and polymerase chain reaction products were
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digested with HindIll and EcoR I . The ligation of N
terminal flagellin into pET28a (+) was performed using
T4 DNA ligase and was then transformed into £scherichia
coli BL21 (DE3) as a suitable expression host. pET28a (|
+) vector harboring a conserved region of Bap from our
previous work was used. The recombinant proteins were
expressed, analyzed by SDS-PAGE method and was
purified by affinity chromatography with His-Tag residues
followed by confirmation with western blotting. Mice were
immunized with recombinant N terminal flagellin and
Bap subunits. The immunized animals were intranasally
(i.n) challenged with A. baumannii and Pseudomonas
aeruginosa (P, aeruginosa).

RESULTS

The flagellin enhanced the immunogenicity of Bap causing
an increase in specific IgG titers in serum (P < 0.001).
Internal organs, /e., liver, lung and spleen of the Bap-
Flagellin immunized group challenged with A. baumannii
showed significantly lower bacterial load compared to
the control group. The bacterial loads were studied in
internal organs. A. baumannii infected immunized animals
with Bap-Flagellin exhibited internal organs with minor
bacterial load while 2 aeruginosa PAO1 infected group
showed heavy bacterial load of (4.3 £ 0.12) x 105,
(1.1 £ 0.01) x 10° and (2.2 + 0.22) x 10° per gram of
lungs, liver and spleen respectively. Bacterial loads were
detected per gram of lungs, liver and spleen of the mice
group immunized with Bap were (1.2 + 0.06) x 107, (11.1
+ 0.041) x 10°and (3.6 + 0.42) x 10° respectively. /n
vivo neutralization assay indicated that all experimental
mice groups, except for Flagellin administered group was
significantly (P < 0.05) protected against A. baumannii.

CONCLUSION

These results demonstrate that £ aeruginosa Flagellin as
an adjuvant for Bapa. saumansi could be a useful model to
evaluate new vaccine against A. baumannii.

Key words: Acinetobacter baumannii; Pseudomonas
aeruginosa; Vaccine; Immunogen; Biofilm associated
protein

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The increasing frequency of Acinetobacter
baumannii (A. baumannii) infections and its drug
resistance challenge health authorities. Flagellin is an
effective immune activator stimulating various biologic
functions identified by Toll like receptor 5. Conserved
regions of biofilm associated protein (Bap) have already
been identified and their immunoprotectivity against A.
baumannii have been established. In order to enhance
their immunogenic activities, we designed a study on
adjuvant role of flagellin from Pseudomonas aeruginosa
for Bap.
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INTRODUCTION

Acinetobacter baumannii (A. baumannii) an opportunistic
pathogen, causes severe infections of major concems™?.,
It survives on harsh dreadful environment such as
medical devices. This ability has been related to forming
multicellular complex named biofilm on abiotic and biotic
surfaces™*. The A. baumannii survival has also been
contributed with dlinical strains resistance to antimicrobial
stressors and desiccation™®. Formation by A. baumannii
clinical strains of biofilms on abiotic surfaces has been
documented™'. Production of factors like poly-p-1,6-
N-acetyl glucosamine (PNAG), in different bacteria
that produce PNAG could also act as a major virulence
factor for emerging biofilm-dependent pathogens'”.
Biofilms are encapsulated bacterial constructions within
exopolysaccharide, a polymeric matrix important in
medicine’®. Identifying a biofilm associated protein
(Bap) homologue of staphylococcus™, in an isolate of A.
baumannii from bloodstream showed that Bap is the most
important factor in A. baurmannii biofilm formation''”. The
role of high molecular weight of superficial Bap conferring
biofilm formation capacity upon bacterial attachment
and infection has been reported™®. Bap A. baumannii is
one of the biggest and the most acidic bacterial proteins
with a predicted pI-3 is composed of about 8620 amino
acids(aa). Seven tandem repeats are the major functional
and conserved regions components of Bap!''!. Using
adjuvants and immune modulators during vaccination
helped to increase immune responses*?. Adjuvant
can enhance host response against an immunogen or
a vaccine without imparting antigenic effect. Various
substances acting as vaccine delivery vehicles such as
mineral salts, particulate and surfactants or liposomes and
virosomes have been extensively used as adjuvants™.
Pattern recognition receptors called “Toll like receptors
(TLRs)” are present on various types of microbial
cells™. TLR5 recognizes flagellin, a potent immune
activator stimulating diverse biological functions. In a
classic study, a recombinant fusion protein strategy was
used with TLR5s like Flagellin to show TLR5 role in the
development of vaccine!*®). N-terminal region amino
acids of Pseudomonas aeruginosa (P. aeruginosa) PAO1
flagellin was administrated to play significant binding role
to TLR5. Specific involvement of different amino acids in
TLR5-flagellin interactions was particularly predicted™,
so researches show significant role of N-flagellin terminal
region in immunization and can play as well as whole
flagellin. The present study was designed to examine
the role of Pseudomonas flagellin as an adjuvant to Bap
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against infections caused by A. baurmannii.

MATERIALS AND METHODS

Materials

The kits for extraction of plasmids for purification of
gels were purchased from a local dealer. Synthesis of
the designed primers was done by Gene Fanavaran
(Tehran, Iran). Standard quality restriction enzymes,
Nickel Nitrilotriacetic Acid (Ni-NTA), T4 DNA ligase,
nitrocellulose membrane, anti-polyhistidine antibodies,
anti-mouse HRP conjugated IgG, microtiter plates, and
other standard chemicals and reagents were procurred
from local market.

Bacteria

A. baumannii (ATCC 19606), P. aeruginosa (PAO1)
and Escherichia coli (E. coli) BL21 (DE3) grown in Luria
Bertani (LB) medium on a shaker at 37 ‘C /220 rpm
were used.

Gene amplification and plasmid construction

The N terminal Flagellin gene (Gen Bank accession No.:
AGY69124.1) with 1-180aa of the mature Flagellin protein
weight of 53.79 kDa from P. aeruginosa was amplified
by polymerase chain reaction (PCR) using its genomic
DNA. N terminal F (5-ATATGAATTCATGGCCCTTACAGT-3)
and N terminal R (5-TATAAAGCTTTTAACCGCTGATCT-3)
primers. The F primer contained EcoRI site and R primers
had HindIll site. PCR conditions started at 95 ‘C/ 5 min
followed by 35 cycles at 94 °C/30 s, 58 ‘C/1 min, 72 °C
/90 s, and a 72 °C for 5 min as the final extension. One
percent agarose gel was used to analyze the amplified
fragments. Double Digestion of PET28a (+) vector and
PCR products was carried out and T4 DNA ligase was
used for ligation of N terminal Flagellin into pET28a (+).
Transformation of the recombinant DNA plasmids, N
Flagellin, pET28a into E. coli BL21 was then carried out.

Protein expression and purification

Vector harbouring pET28a-n Flagellin construct was
incubated for 3 h at 37 C in LB agar incorporated with
70 pg/mL kanamycin to an ODe2o of 0.6. Induction was
brought about with 1 mmol IPTG for 3 h at 37 C. The
cell pellet was collected after 10 min centrifugation
at 5000 rpm and re-suspended in denaturation lysis/
binding buffer (buffer B). Lysate sonication at 200
w with a 10 s cooling time between each burst was
done for 6 times. The lysate was then centrifuged at
14000 rpm at 4 °C for 20 min to pellet the cell debris.
The affinity Ni-NTA agarose column loaded with
supernatant was washed with denaturing buffer (buffer
C, pH = 6.3), and denaturing elution buffer D (pH =
5.9). The recombinant Bap subunit was then eluted
using denaturing elution buffer E (ph = 4.5). Eight
mol/L urea was present in all buffer solutions. Protein
analysis was carried out by 10% SDS-PAGE. Dialysis
was performed in descending order against PBS (pH
= 7.4) containing 6 to 0 mol/L urea. Huleatt et a/*”
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method was employed to determine the purified protein
concentration. Bovine serum albumin (BSA) was used
as a standard protein. Production of the recombinant
Bap and its and purification was according to Fattahian
et al™”,

Western blotting

Western blotting was performed to confirm the ex-
pression of N-flagellin and Bap. Anti-His. 0.5 mg from
each of purified recombinant Bap subunit was adsorbed
on a nitrocellulose strip and dried. The transformed
lysates from uninduced cell were used as control. The
nitrocellulose strip was incubated for 1 h at room
temperature with gentle shaking in the blocking buffer
containing 5% skim milk. The strip was then subjected to
three washes with phosphate buffered saline containing
Tween 20 (PBST). Diluted anti-His conjugated was
incubated with 1:8000 dilution of horseradish peroxidase
for one hour. The strip was then subjected to three
washes of 5 min each with PBST. Membrane visualization
with the substrate diaminobenzidine was complete
by observing brownish dots. Color development was
terminated by washing with PBST.

Animal immunization

Sixty BALB/c mice were divided equally in six groups:
(1) the first group was administered with four 20 pg
doses of the recombinant Bap; (2) the second group was
administered with four 20 pg doses of the recombinant
N Flagellin; (3) a single 20 ug dose of recombinant Bap
followed by administration of N-flagellin in subsequent
vaccinations was administration plan for the third group;
(4) the fourth group received a single dose of 20 pg of
recombinant N-flagellin followed by administration of Bap
in subsequent vaccinations; (5) the fifth group received
combination of Bap and N-flagellin simultaneously in
all the vaccinations; and (6) the control group received
combination of PBS and Freund’s adjuvant.

All groups except group (5), first received complete
Freund’s adjuvant only The subsequent vaccinations
were with the incomplete Freund’s adjuvant emulsified
recombinant proteins. Ten days after the second dose
the blood samples were collected through infra-orbital
plexus.

ELISA with recombinant Bap and N-flagellin subunit

The coating solution was used to dilute the recombinant
Bap and N-flagellin subunit to an optimal concentration
of 20 pg/mL to coat a 96-well plate. Each well was
added with 100 pL of the resulting solution followed by
incubation at 4 C for 12-18 h. The wells were washed
once with 0.05% Tween 20 (PBST) incorporated PBS to
block the unoccupied sites. The plate was then incubated
for 1 h at 37 °C with 100 puL of PBST + 5% skimmed
milk. The plates were washed 3 times with PBST. Serial
dilutions of 1:100 to 1:1600 from each serum were
added to the wells. The plates were incubated at 37 C
for 1 h followed by 3 washes as described above. One
hundred microlitre of 1:1000 horseradish peroxidase
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- conjugated secondary antibody diluted in PBST was
added to each well and the plates were incubated
at 37 °C for one hour followed by three washes with
PBST and incubation with 100 pL per well of TMB
(3,3,5,5"-tetramethylbenzidine solution) substrate until
a desired absorbance was reached. Addition of 2 mol/L
H2S0a4 stopped the reaction. Sample absorbance at 450
nm was read on an ELISA plate reader.

Cell ELISA

The clinical A. baumannii isolates incubated overnight
in LB broth were resuspended in PBS to an ODs2o of
0.3™. Fifty microlitres of the bacterial suspension was
added to each well in 96-well plates and dried at 37 C.
The plates were washed five times with after blocking
with 200 ulL of PBS with 5% skimmed milk for 1 h. This
was followed by incubation with different dilutions of
immunized mice sera. The plates were then incubated
with HRP conjugated secondary antibody for one
hour. PBS was used to wash the plates for five times.
One hundred microlitres of TMB substrate was added
per well and incubated until desired absorbance. The
reactions were stopped with 2 mol/L H2S0+ and ODa4so
was read.

Fifty percent lethal dose (LDso) determination
Cyclophosphamide (Cy) regimen (150 mg/kg of body
weight) was used to bring about neutropenia of short
duration but able to facilitate the onset of the infectious
process. LDso was determined with intranasal (i.n)
administration of A. baumannii at 10° CFU concentration
4 d after treatment of five BALB/c mice with Cyclopho-
sphamide. PBS was administered as a control instead
of bacteria. General anesthesia was brought about by
intraperitoneal (i.p) injection of 0.2 mL of 1.3 mg/mL
xylazine and 6.7 mg/mL of ketamine in 0.9% saline.
This was 100-200 mg Ketamine and 5-16 mg Xylazine
per kilogram body weight.

Neutralization assay

Antisera to the Bap and Bap-Flagellin proteins were
raised by injecting 20 ug of Bap and Bap-Flagellin per
animal in BALB/c mice. Lethal dose (10° CFU) of A.
baumannii diluted to 1:400 with PBS was maintained
at 37 °C for 30 min. Neutralization test was carried out
by peritoneal injection of lethal dose of A. baumannii
to the mice groups of five animals per group. In order
to rule out interfering role of natural antibodies in mice
sera in conferring any resistance to mice against A.
baumannii, a lethal dose of A. baumannii and PBS was
administered to mice groups as control™®, Mortality rate
was monitored for 48 h.

Challenge of mice

Mice immunized with Bap and Bap-flagellin were divided
into two groups. The groups were challenged with A.
baumannii and P. aeruginosa PAO1. The mice were
observed for mortality for two days. The animals were
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sacrificed after 48 h unless they died earlier. The microbial
challenge or passive immunization were performed in
mice groups treated with Cy. For bacterial challenge, i.n.
administration with 20 uL of P. aeruginosa PAO1 or 20
uL of A. baunannii (10 plL/nostril) was carried out™.
Morbidity and mortality were watched over 48 h.

Statistical analysis

The experimental data in triplicates were expressed
as mean * SD. In order to calculate P values and to
determine the significance of differences in the experi-
mental groups, Student’s t test was used. P < 0.05 was
considered as significant for the combined injection of Bap
and Flagellin.

RESULTS

Bap and N terminal flagellin gene

N terminal flagellin gene of P. aeruginosa (PAO1) was
successfully amplified. The amplified gene was revealed
on agarose gel (1%). N-flagellin gene was cloned into
pET28a (+). The N-flagellin and Bap were expressed
in E. coli BL21 (DE3). The recombinant proteins were
confirmed by SDS-PAGE. The presence of 42 kDa (Bap)
and 7 kDa (Flagellin) proteins in the eluted fractions was
revealed by SDS-PAGE analysis. Western Blotting was
used to confirm the expression of recombinant proteins
using anti-His-tag antibodies (Figure 1).

Recombinant proteins’ immunogenic properties

Animals were observed healthy with no post immunization
signs of abnormalities. Significant (P < 0.05) levels of IgG
were noted in immunized sera compared to control mice.
Increased antibody titer was noted after the third booster
dose. No specific antibody was detected in sera samples
from mice that received adjuvant and PBS. No significant
difference was observed in the sera from combined
administration of both proteins as compared to that of the
single Bap injections (Figure 2A and E). Significant (P <
0.001) increase of antibody titer took place after the third
booster, whereas animals administered with adjuvant and
PBS or just Flagellin serving as control exhibited no Bap-
specific antibodies in their sera.

Cell ELISA

The antibody raised against Bap subunit reacted with
A. baumannii. OD values detected were significant com-
pared to control (Figure 3).

Animal challenge with A. baumannii and P. aeruginosa

2.5 x 10° CFU/mL was determined as LDso per mouse
via intranasal administration. Rendering mice imm-
unocompromised by prior treatment with Cy makes
them susceptible to pneumonia. This susceptibility is
accompanied by a drop in the LDso after a challenge
with 1000 CFU of a P. aeruginosa PAO1 or A. baumannii
causing lethality. The control group died within the first
24 h of challenge. The Bap immunized groups resisted A.
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Figure 1 Western blot analysis of (A) 7 kDa recombinant N Flagellin, and (B) 42 kDa Bap subunit, (C) and (D) sodium dodecyl sulfate polyacrylamide gel
electrophoresis analysis revealing the presence of 7 kDa Flagellin and 42 kDa biofilm associated protein.

baumannii challenge with no mortality. Twenty percent
of the mice population immunized with Bap died upon
challenge with P. aeruginosa within 48 h. Eighty percent
of the group immunized with Bap-Flagellin survived
challenges with A. baumannii or P. aeruginosa (Figure
4).

Immunization and bacterial uptake in lungs, liver and
spleen

The internal organs were studied for bacterial load.
A. baumannii infected immunized animals with Bap-
Flagellin exhibited internal organs with minor bacterial
load while P. aeruginosa PAO1 infected group showed
heavy bacterial load of (4.3 + 0.12) x 10° (1.1 £
0.01) x 10° and (2.2 + 0.22) x 10° per gram of lungs,
liver and spleen respectively. Bacterial loads in terms
of CFU/g of lungs, spleen and liver of the mice group
immunized with Bap were (1.2 + 0.06) x 107, (11.1
+ 0.041) x 10°and (3.6 £ 0.42) x 10° respectively.
Unimmunized mice exhibited bacterial load of (3.20 =
0.11) x 107, (1.90 + 0.14) x 10° and (2.6 + 0.11) x
10° CFU per gram of lungs, liver and spleen respectively
in challenge with A. baumannii and (2.17 £ 0.2) x 10/,
(2.1 £ 0.1) x 10° and (5.4 + 0.11) x 10° per gram of
lungs, liver and spleen respectively in challenge with P.
aeruginosa PAO1 (Figures 5 and 6).
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Neutralization assay

Protectivity of immunized mice sera against bacterial
challenge was determined by neutralization assay.
There was an increased antibody titer against Bap and
Bap-flagellin in the vaccinated group. As shown in
Figures 4 and 5, all the experimental groups, except for
Flagellin administered group were significantly (P < 0.05)
protected against A. baurnmannii.

DISCUSSION

Despite development of new generation antibiotics, the
wide expansion of multi drug resistant A. baumannii
is still considered as a potent threat™™. Because of
it is remarkable resistance to an extensive range of
antibiotics'®!!, A. baumannii is regarded as a problematic
pathogen. Its colonization ability, survival on nutrient-
limited surfaces and resistance to antimicrobial situation
made it as a difficult-to-treat nosocomial pathogen™.
Combination of biofilm forming and MDR of A. baumanni
contribute in importance of this pathogen in Hospital -
acquired infections™. Moreover recent researches confirm
beside biofilm forming, multi drug resistance of embedded
bacteria in matrix of biofilm is showed®**, Using different
subunits of Bap as a recombinant subunit vaccines®**,
clarify the expansion of infections caused by A. baumannii.
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Figure 2 Indirect enzyme linked immunosorbent assay of sera of mice injected. A: Indirect ELISA of sera of mice injected with Bap: Rise of antibody titers is
significant (P < 0.001); B: Indirect ELISA of sera of mice injected with N-flagellin subunit only: No significant rise of antibody titers was noted; C: Indirect ELISA of
sera of mice injected with a single dose of Bap first followed by administration of N-flagellin in subsequent vaccinatio: Significant (P < 0.001) rise of antibody titers
was noted; D: Indirect ELISA of sera of mice injected with N-flagellin followed by administration of Bap in the subsequent vaccinations: Significant (P < 0.001) rise of
antibody titers was noted; E: Indirect ELISA of mice sera administered with Bap + flagellin subunit: Antibody titers increased significantly (P < 0.001) from the second

booster onwards. ELISA: Enzyme linked immunosorbent assay.

In silico studies described intercellular adhesion of Bapa.
baumannii in Maturation of biofilm™”. Twenty or more
antigenic determinants and 55 discontinuous B-Cell
epitopes were predicted for Bap subunits™".

Adjuvant as a chemical catalyst without any con-
sidering, specific antigenic effect mount the response
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to a vaccine®!. The results (Figure 2A and D) show

elevated antibody level triggered against Bap indicating
that N flagellin contributed to enhancement of antigen
efficacy by playing a role as an adjuvant. Physical con-
jugation of a vaccine antigen to a TLR ligand brings about
discrimination of macromolecule from self-apoptotic bodies
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Figure 3 Whole cell enzyme linked immunosorbent assay of mice sera
immunized with Bap and Bap + flagellin against Acinetobacter baumannii.
Significant (P < 0.05) OD values were observed in experimental strain as
compared to control group. Bap: Biofilm associated protein.
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Figure 4 Survival of mice immunized with biofilm associated protein
(group A) and biofilm associated protein-flagellin (group E) challenged
with Pseudomonas aeruginosa and Acinetobacter baumannii. A. baumannii.
Acinetobacter baumannii; Bap: Biofilm associated protein; P. aeruginosa:
Pseudomonas aeruginosa.

by the antigen presenting cells which ultimately leads
to enhancement of immunogenicity and subsequently
antigen presentation by MHC molecules®. Vance et af*”
investigated dissemination of P. aeruginosa in neutropenic
mice via pneumonic challenge model. Bacteremia,
dissemination, and eventual death of P. aeruginosa PAO1
challenged mice was noted upon Cy administration to the
infected mice. In this work the efficacy of A. baumannii
immunogen was studied in immunocompromised mice.
Active vaccination with Bap increased survival rate
and LDso of Cy-treated mice to i.n. challenge with A.
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Figure 5 Neutralization. A: The group received four doses of 20 pg of the
recombinant Bap; B: The group received four doses of 20 ug of the recombinant
N-flagellin; C: The group received a single dose of 20 ug recombinant Bap
followed by administration of N-flagellin in subsequent vaccinations; D: The
group received a single dose of 20 ug of recombinant N-flagellin followed
by administration of Bap in subsequent vaccinations; E: The group received
combination of Bap and N-flagellin simultaneously in all the vaccinations; F:
The control group received combination of PBS and Freund’s adjuvant. A.
baumannii: Acinetobacter baumannii; Bap: Biofilm associated protein.
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Figure 6 Neutralization test. A: The group received four doses of 20 g of
the recombinant Bap; B: The group received combination of Bap and N-flagellin
simultaneously in all the vaccinations; control: The control group received
combination of PBS and Freund’s adjuvant. P. aeruginosa: Pseudomonas
aeruginosa; Bap: Biofilm associated protein.

baumannii. Many studies described interaction of flagellin
and TLR5 as a signaling of flagellin result in releasing of
inflammatory mediator®®®. In silico studies describe the
interaction between D1 domain of flagellin as an important
region of it and TLR5”®**), Our study on the mice group
administered only with Bap + flagellin subunit (Figure 2E)
without using Freund’s adjuvant showed higher antibody
titer than other groups immunized with the recombinant
proteins using Freund’s adjuvant (Figure 2E). These results
further support the adjuvant role of N-flagellin. The role
of Salmonella Flagellin as an adjuvant has been studied.
Particular interest was paid in flagellum structural subunit
as an adjuvant imparting elevated immunogenicity to
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soluble proteins or peptides, to activate antibody as well
as cell immune responses™”. Vaccination with chimeric
flagellin provided mice with significant protection against
H. pylori®!. Use of EtIMP1-flagellin fusion protein has
been suggested as an effective immunogen against
Eimeria infection®. An experimental report on the
immunogenicity of a 19 kDa merozoite surface protein-1
[MSP1(19)] from Plasmodium vivax C-terminal fragment
against malaria and an innate immunity against the
Salmonella enterica serovar Typhimurium flagellin (FIiC)
is available™. There is a report on the enhancement of
FimH protective immunity against UPEC infection where
the ability of FliC a Toll-like receptor 5 flagellin, a UPEC
strain agonist, has been compared with Montanide ISA
206, a conventional adjuvant®. A TLR5 flagellin binding
site at 88-97 residues located within the constant domain
D1 coincides with that found experimentally by other
researchers®, The importance of flagellin side chains
was also described in interact with surface side chains
of TLR5", In this study, a 10 amino acid stretch was
predicted in the N-terminal of P. aeruginosa PAO1 flagellin
to have importance for binding to TLR5 and acting as an
adjuvant’®®!, Despite significant (P < 0.05) increase in IgG
titers of the mice groups immunized with Flagellin and Bap
in groups C, D and E, better protection was exhibited by
Bap immunized group against lethal dose of A. baumannii
(Figure 4). Such a phenomenon could be attributed to
the vaccination dose of group E which was half of the Bap
quantity used in other groups. This is further supported by
the absence of initial administration of Freund'’s adjuvant.
The adjuvant role of Flagellin subunit is well documented
in groups C and D where either the initial dose of Flagellin
followed by the subsequent doses of Bap or initial dose
of subsequently followed by administration of Flagellin
subunit significantly elevated the anti Bap titer. Vaccination
of mice prior to immunocompromisation and subsequent
infection of mice decreases the susceptibility on the basis
of lower bacterial load and better survival rate. Significant
(P < 0.001) rise in antibody titers of groups C (received 20
Mg of recombinant Bap in the first vaccination followed by
administration of N-flagellin in subsequent vaccinations)
and D (received 20 pg of recombinant N Flagellin in the
first vaccination followed by administration of Bap in
subsequent vaccinations) and the 80% survival of group
D challenged with either A. baumannii or P. aeruginosa,
indicate the efficiency of Flagellin as an adjuvant and
protective immunity against A. baumannii. The survival
against P. aeruginosa could be due to the immunogenicity
of the recombinant Flagellin.

Although there is no significant difference among
groups A, C, D and E, higher load of bacteria was found
in the liver and spleen of group E as compared to other
immunized groups (Figures 5 and 6) which could explain
the 20% mortality in this group (Figure 4).

In conclusion, because of the complications and
difficulties in treating A. baumannii infections, and with
respect to the significant role of Bap on one hand and
the efficacy of bacterial proteins such as Flagellin as
an adjuvant on the other, this model could be useful to
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evaluate new vaccine regimens against A. baumannii
infections.
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Background

Acinetobacter baumannii (A. baumannii) is an opportunistic pathogen of major
concerns. Biofilm associated protein is the most important factor in A. baumannii
biofilm formation. Seven tandem repeats are the major functional and conserved
regions components of Bap. Pattern recognition receptors, i.e., “Toll like receptors
(TLRs)” are found on various microbial cells. A recombinant fusion protein strategy
was used with TLR5s like Flagellin to show its role in the development of vaccine.
N-terminal region amino acids of Pseudomonas aeruginosa (P. aeruginosa) PAO1
flagellin was administrated to play significant binding role to TLR5. Researches
show significant role of N-flagellin terminal region in immunization and can play
as well as whole flagellin. The present study was designed to examine the role of
Pseudomonas flagellin as an adjuvant to biofilm associated protein (Bap) against
infections caused by A. baumannii.

Research frontiers

Flagellin of P. aeruginosa is an important vaccine candidate. N-terminal domains
are highly conserved in both type A and type B flagellins. The efficacy of gold
nanoparticles (AuNPs) conjugated to N-terminal domains of P. aeruginosa
flagellin [flagellin¢-1e1], @s an immunogen in mice, has been assessed by Farida.
Flagellin¢-1e1), AuNP-flagellin¢-1e1), and flagelling-161) emulsified in Freund'’s
adjuvant were administered subcutaneously to BALB/c mice. Mice given AuNP-
flagelling-te1) elicited high titers of anti-flagelling-1s1) antibodies compared with
non-immune group and/or mice which received flagelling-16) without adjuvant.
Recently, Delphine demonstrated that the adaptive responses stimulated by
intranasal administration of flagellin and antigen were linked to TLR5 signaling in
the lung epithelium. They sought to identify the antigen presenting cells involved
in this adjuvant activity. They first found that the lung dendritic cells captured
antigen very efficiently in a process independent of TLR5. However, TLR5-
mediated signaling specifically enhanced the maturation of lung dendritic cells.
Afterward, the number of antigen-bound and activated conventional dendritic cells
(both CD11b" and CD103") increased in the mediastinal lymph nodes in contrast
to monocyte-derived dendritic cells. Their data suggested that flagellin-activated
lung conventional dendritic cells migrate to the draining lymph nodes. The results
demonstrated that indirect TLR5-dependent stimulation of airway conventional
dendritic cells is essential to flagellin’s mucosal adjuvant activity.

Innovations and breakthroughs

In this study the authors have used a conserved region of Bap instead of the
entire protein. Bap is a very large protein and its expression is near to impossible
in recombinant form. There are many such proteins involved in pathogenesis
of various micro-organisms. This study can be a clue to the researchers to
use immunogenic conserved regions of proteins involved in pathogenesis and
enhance their immunogenicity by natural adjuvants such as flagellin.

Applications
The findings could be applied in development of novel vaccines against disease
causing micro-organisms.

Terminology

TLR: “Toll like receptors” are pattern recognition receptors present on various
types of microbial cells; Bap: Biofilm associated protein. Bap A. baumannii is
one of the biggest and the most acidic bacterial proteins with a predicted pl -3
is composed of about 8620 amino acids (aa). Seven tandem repeats are the
major functional and conserved regions components of Bap.

Peer-review
The authors present the extent which Pseudomonas flagellin can play a role as
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an adjuvant for Bap A. baumannii and the model could be useful to evaluate new
vaccine regimens against A. baumannii. This manuscript is interesting. It's just a
suggestion, the N-flagellin and recombinant Bap could be fused to express.
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